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(57) ABSTRACT 

The present invention relates to novel fusion proteins, DNA 
molecules encoding the same, vectors comprising the DNA 
molecules, and host cells containing the vectors for use in 
measuring protease activity using a novel transcriptional 
assay. This invention also relates to a method for determin 

ing the inhibitory activity of a compound against a protease 
and to a method for comparing the activity of tWo proteases 
Which recognize the same cleavage site. Kits for assaying 
protease activity comprising DNA molecules encoding the 
fusion protein substrates of this invention are also contem 
plated. 
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FUSION PROTEINS, DNA MOLECULES, 
VECTORS, AND HOST CELLS USEFUL FOR 

MEASURING PROTEASE ACTIVITY 

TECHNICAL FIELD OF THE INVENTION 

[0001] The invention relates to fusion proteins, DNA 
molecules encoding the fusion proteins, vectors comprising 
the DNA molecules, host cells transformed With the vectors, 
and methods and kits for using them to determine the 
activity of a protease. Speci?cally, the invention relates to a 
fusion protein having a protease cleavage site, a ligand 
binding domain, and a DNA-binding domain, Wherein (1) 
the association of a ligand With the ligand-binding domain of 
said fusion protein mediates the binding of the DNA-binding 
domain of said fusion protein to a ligand-response element 
(“LRE”) that is operatively linked to a reporter gene; and 
Wherein (2) the fusion protein comprises an expression 
modulator domain or associates With a second protein hav 
ing an expression modulator domain, Wherein said expres 
sion modulator domain regulates transcription of the 
reporter gene. The invention also relates to kits for assaying 
protease activity comprising DNA molecules encoding the 
fusion proteins, an appropriate ligand, and DNA molecules 
comprising a promoter-reporter gene construct and at least 
one LRE recogniZed by the DNA binding domain of the 
fusion protein. The DNA molecules in these kits may be 
isolated or present in host cells. 

BACKGROUND OF THE INVENTION 

[0002] Proteases play an important role in the regulation 
of biological processes in almost every life form from 
bacteria to virus to mammals. They perform critical func 
tions in, for example, digestion, blood clotting, apoptosis, 
activation of immune responses, Zymogen activation, viral 
maturation, protein secretion and protein trafficking. 

[0003] Proteases have been implicated as the cause of or 
as contributors to several diseases such as AlZheimer’s 
disease, cystic ?brosis, emphysema, hypertension, tumor 
invasion and metastasis and viral-associated diseases [e.g., 
Kim, T. W., et al., (1997) “Alternative Cleavage of AlZhe 
imer-associated Presinilins During Apoptosis by a 
Caspase-3 Family Protease,”Science 277: 373-6; Lacana, E. 
et al., (1997) “Disassociation of Apoptosis and Activation of 
IL-1 beta-converting EnZyme/Ced-3 Proteases by ALG-2 
and the Truncated AlZheimer’s gene ALG-3,”J. Immunol. 
158:5129-35; Birrer, P., (1995) “Proteases and Antiproteases 
in Cystic Fibrosis: Pathogenic Considerations and Thera 
peutic Strategies,”Respirati0n 62:25-8; Patel, T., et al., 
(1996) “The Role of Proteases During Apoptosis,”FASEB J. 
101587-97]. 
[0004] Several viral genomes also encode proteases that 
are important in the viral maturation process. For example, 
the viral aspartyl protease of the Human Immunode?ciency 
Virus (HIV) cleaves a HIV polypeptide containing the Gag 
and Pol polyproteins. 

[0005] In another example, the hepatitis C virus (HCV) 
produces a long polypeptide translation product, NH2-C 
E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH, 
Which is cleaved to produce at least 10 proteins. C, E1 and 
E2 are putative structural proteins, and the remainder are 
knoWn as the nonstructural (NS) proteins. One of those 
proteins is NS3, a 70 kilodalton protein having serine 
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protease activity. It is been shoWn that the protease activity 
of NS3 resides exclusively in the N-terminal 180 amino 
acids of the enZyme. The NS3 protease cleavages at four 
sites in the nonstructural region of the HCV polypeptide 
(3/4A, 4A/4B, 4B/5A, and 5A/5B). Another protein, NS4A, 
has 54 amino acids and has been characteriZed as a cofactor 
for the NS3 protease [C. Failla, et al., (1994) J. Virology 
68:3753-3760]. The C-terminal 33 amino acids of NS4A are 
required for cleavage at the 3/4A site and 4B/5A sites and 
accelerate the rate of cleavage at the 5A/5B site. Several 
other NS3 serine protease-dependent cleavage site 
sequences have been identi?ed in various strains of HCV [A. 
Grakoui, et al., (1993) J. Virology 67:2832-2843 incorpo 
rated by reference herein]. 

[0006] The ability to detect viral, cellular, or microorgan 
ism protease activity in a quick and simple assay is impor 
tant in the biochemical characteriZation of these proteases, in 
detecting viral infection, and in the screening and identi? 
cation of potential inhibitors. 

[0007] Several protease assays are knoWn in the art. T. A. 
Smith et al., Proc. Natl. Acad. Sci. USA, 88, pp. 5159-62 
(1991); B. Dasmahapatra et al., Proc. Natl. Acad. Sci. USA, 
89, pp. 4159-62 (1992); and M. G. Murray et al., Gene, 134, 
pp. 123-128 (1993) each describe protease assay systems 
utiliZing the yeast GAL4 protein. Each of these documents 
describe inserting a protease cleavage site in betWeen the 
DNA binding domain and the transcriptional activating 
domain of GAL4. Cleavage of that site by a coexpressed 
protease renders GAL4 transcriptionally inactive leading to 
the inablility of the transformed yeast to metaboliZe galac 
tose. 

[0008] Y. HiroWatari et al., Anal. Biochem, 225, pp. 
113-120 (1995) describes an assay to detect HCV protease 
activity. In this assay, the substrate, HCV protease and a 
reporter gene are cotransfected into COS cells. The substrate 
is a fusion protein consisting of (HCV NS2)-(DHFR)-(HCV 
NS3 cleavage site)-Taxi. The reporter gene is chlorampheni 
col transferase (CAT) under control of the HTLV-1 long 
terminal repeat (LTR) and resides in the cell nucleus fol 
loWing expression. The uncleaved substrate is expressed as 
a membrane-bound protein on the surface of the endoplas 
mic reticulum due to the HCV NS2 portion. Upon cleavage, 
the released Tax1 protein translocates to the nucleus and 
activates CAT expression by binding to the HTLV-1 LTR. 
Protease activity is determined by measuring CAT activity in 
a cell lysate. 

[0009] Each of the assays described above requires simul 
taneous (1) expression of an active protease and a substrate 
and (2) transcription of a reporter gene construct. The 
constitutive nature of these assays can often produce uncon 
trollable and undesirable effects. These effects may give rise 
to misleading or inaccurate conclusions regarding the activ 
ity of the protease. Thus, there is a need for a sensitive and 
quantitative protease assay that is inducible or can be readily 
controlled by the user. 

SUMMARY OF THE INVENTION 

[0010] The present invention ful?lls this need by provid 
ing novel fusion proteins, DNA molecules encoding them, 
vectors comprising the DNA molecules, and host cells 
containing the vectors useful in a fusion protein ligand 
dependent transcriptional assay to determine the activity of 
a protease. 
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[0011] The novel fusion protein comprises a protease 
cleavage site, a ligand-binding domain, and a DNA-binding 
domain, Wherein (1) the association of a ligand With the 
ligand-binding domain of said fusion protein mediates the 
binding of the DNA-binding domain of said fusion protein 
to a LRE that is operatively linked to a reporter gene; and 
Wherein (2) the fusion protein comprises an expression 
modulator domain or associates With a second protein hav 
ing an expression modulator domain, Wherein said expres 
sion modulator domain regulates the transcription of the 
reporter gene. 

[0012] According to the methods of this invention, the 
binding of a ligand to the ligand binding domain of the 
uncleaved fusion protein initiates the activation or repres 
sion of transcription of the reporter gene at a discrete point 
in time. This inducibility alloWs the assay to be better 
controlled and therefore, produces more accurate results. 

[0013] Cleavage of the fusion protein at the protease 
cleavage site deregulates transcription of the reporter gene 
by preventing the expression modulator domain from modu 
lating transcription positively or negatively. The amount of 
cleaved fusion protein is quantitated by assaying an increase 
or decrease in transactivation of a reporter gene, Whose 
expression is driven by a promoter Which is modulated by 
the expression modulating domain of the fusion protein. 

[0014] This invention also relates to a method for mea 
suring the inhibitory activity of a compound against a 
protease comprising the steps of incubating the fusion 
protein With a protease in the presence or absence of a 
compound Whose activity is being tested, adding a ligand to 
the incubation and quantifying the gene product produced 
from a reporter gene. 

[0015] Yet another embodiment of this invention relates to 
a method for comparing the activity of tWo proteases or 
mutants of a protease Which recogniZe the same cleavage 
site. 

[0016] The invention also relates to kits for assaying 
protease activity comprising DNA molecules encoding the 
fusion protein, the fusion protein or host cells containing the 
DNA molecules, Wherein the kit optionally includes DNA 
molecules encoding a protease, DNA molecules comprising 
a reporter gene Whose expression is regulated by said fusion 
protein, a ligand Which associates and regulates the activity 
of said fusion protein, and instructions for using said kit. 
Preferably, the DNA molecules in the kit have been engi 
neered into a vector that alloWs their expression. A kit 
according to this invention, may comprise any one or all of 
the folloWing DNA molecules transformed into a single host 
cell selected from the group consisting of: a DNA molecule 
encoding a fusion protein of this invention, a DNA molecule 
encoding a protease, a DNA molecule encoding a protein 
binding partner for the fusion protein and a DNA molecule 
comprising a promoter-reporter gene construct. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 depicts the structure of the vectors 
pVgRXR, pVgRXR-SA/SB, and pVgRXR-5A(Stop)5B. 
The backslash positioned betWeen the cysteine and the 
serine of the pVgRxR-SA/SB encoded protein indicates 
Where the cleavage Will take place. The tWo asterisks near 
the cleavage site of the VgRXR-5A(Stop)5B encoded pro 
tein indicate the placement of tWo stop codons. 
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[0018] FIG. 2 depicts the structure of a DNA vector 
encoding the HCV NS3-4A protease, pSRot-NS3-4A. 

[0019] FIG. 3 depicts the structure of a control vector 
PIND and a reporter vector for Ecdysone-Inducible 
Luciferase Expression, pIND-luc. 

[0020] FIG. 4 graphically depicts the results of transfec 
tions experiments into COS cells With any one of the 
folloWing: (1) a DNA vector encoding a mammalian RXR 
receptor protein and a fusion protein comprising the DNA 
binding domain of the Drosophila ecdysone receptor fused 
to the activation domain of the Herpes simplex virus VP16 
protein (pVgRXR); (2) a DNA vector encoding an RXR 
receptor protein and a fusion protein comprising the DNA 
binding domain of the Drosophila ecdysone receptor fused 
to the SA/SB proteolytic cleavage site of HCV fused to the 
activation domain of the VP16 protein (pVgRXR-SA/SB); 
and (3) a DNA vector encoding a RXR receptor protein and 
a fusion protein as described above except that the DNA 
encoding the SA/SB cleavage site is modi?ed to contain 
tandem stop codons in the cleavage site (pVgRXR 
5A(Stop)5B). A plasmid comprising a luciferase reporter 
gene Was included in each transfection (pIND-luc). After the 
transfection, transcription of the reporter gene Was induced 
by administering 1 pM muristerone A (an ecdysone analog) 
to the transfected cells. The data Was obtained by measuring 
the luciferase activity present in the lysates from the trans 
fected cells as described in Example 2. 

[0021] FIG. 5 depicts the results of cotransfecting plas 
mids pVgRXR-SA/SB and pIND-luc into COS cells With 
increasing amounts of a plasmid encoding HCV NS3-4A 
protease (pSRotNs3-4A) or of a control plasmid (pSRot). 
After the transfection, transcription of the reporter plasmid 
Was induced by administering 1 pM muristerone A to the 
transfected cells. 

[0022] FIG. 6 graphically depicts the results of cotrans 
fecting plasmids pVgRXR-SA/SB and pIND-luc into COS 
cells With increasing amounts of a plasmid encoding HCV 
NS3-4A protease or an inactivate mutant thereof (pSRotNs3 
4A or pSRotNs3-4A(S1165A), respectively). After the trans 
fection, transcription of the reporter gene Was induced by 
administering 1 pM muristerone A to the transfected cells. 

[0023] FIG. 7 graphically depicts the results of adminis 
tering either 1, 3.3, 10, 33 or 100 pM of ponasterone A (an 
ecdysone analog) to COS cells after cotransfection With 
plasmids pVgRXR-SA/SB and pIND-Luc in the presence or 
absence of a plasmid encoding the HCV-NS3-4A protease 
(pSRotNs3-4A). 

[0024] FIG. 8 graphically depicts the results of a control 
experiment demonstrating DMSO tolerance. Plasmids 
pVgRXR-SA/SB and pIND-Luc Were cotransfected into 
COS cells With or Without a plasmid encoding the HCV 
NS3-4A protease (pSRotNs3-4A). After the transfection, 
transcription of the reporter plasmid Was induced by admin 
istering 5 pM ponasterone A in the presence of increasing 
concentrations of dimethylsulfoxide (DMSO). 

[0025] FIG. 9 graphically depicts the results of cotrans 
fecting plasmids pVgRXR-SA/SB, pIND-Luc and 
pSRotNS3-4A into COS cells and then administering SMM 
ponasterone A and varying amounts of a protease inhibitor 

(VH-25531). 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] The present invention provides novel tools and 
methods for measuring protease activity. The activity of a 
protease is measured by using a novel fusion protein as a 
substrate in a transcriptional assay Wherein transcription is 
activated or repressed at a discrete time point by addition of 
a ligand after a protease and a fusion protein of this 
invention are incubated together. 

[0027] The present invention provides a fusion protein 
comprising: a protease cleavage site, a ligand binding 
domain, and a DNA binding domain, Wherein (1) the asso 
ciation of a ligand With the ligand-binding domain of said 
fusion protein mediates the binding of the DNA-binding 
domain of said fusion protein to a ligand response element 
(“LRE”) operatively linked to a reporter gene; and Wherein 
(2) the fusion protein comprises an expression modulator 
domain or associates With a second protein having an 
expression modulator domain, Wherein said expression 
modulator domain regulates transcription of the reporter 
gene. 

[0028] A protease cleavage site (hereinafter, “PCS”) 
according to this invention is a peptide incorporated into the 
primary sequence of the fusion protein of this invention. It 
may be located in any of the DNA binding domain, ligand 
binding domain, or, optionally, the expression modulator 
domain, if one exists, of the protein, as Well as in betWeen 
any tWo of these domains. 

[0029] The presence of the cleavage site in the protein 
should not substantially interfere With the activity of the 
fusion protein’s DNA binding domain, ligand binding 
domain, or, if present, expression modulator domain. 

[0030] To ensure that the protease cleavage site does not 
substantially interfere With the activity of the above domains 
of the fusion protein, the activity of a fusion protein With the 
PCS may be compared With the activity of the same fusion 
protein Without the PCS by gel shift assay to assess DNA 
binding or by transcriptional assay (e.g., D. Latchman, 
(1995) Eukaryotic Transcription Factors, 2nd Ed. Academic 
Press:London). 
[0031] Also, the protease cleavage site should be engi 
neered into the fusion protein such that, When cleaved, 
neither of the resulting fusion protein fragments are capable 
of modulating the expression of a target or reporter gene. 

[0032] Preferably, there is only one target protease cleav 
age site located Within the fusion protein substrate. 

[0033] According to a preferred embodiment, the protease 
cleavage site is situated betWeen the DNA binding domain 
and the effector modulator domain of the fusion protein. 

[0034] In a preferred embodiment of this invention, the 
PCS has an amino acid sequence comprising a processing/ 
protease cleavage site in the HIV gag and gag/pol polypro 
teins or in the HCV polyprotein. In a more preferred 
embodiment of this invention the HIV PCS site selected 
from the group consisting of Seq ID Nos. 1-10 [S. Pichua 
ntes, et al., (1989) “Recombinant HIV1 Protease Secreted by 
Saccharomyces cervisiae Correctly Processes Myristylated 
gag Polyprotein,”Proteins.' Structure, Function, and Genet 
ics 61324-337 is incorporated by reference.] In a more 
preferred embodiment of this invention, the PCS has the 
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amino acid sequence of a cleavage site for the HCV NS3 
serine protease or HIV aspartyl protease. In a still more 
preferred embodiment of this invention the PCS has the 
amino acid sequence of an HCV 5A/5B protease cleavage 
site. In a still more preferred embodiment of this invention, 
the 5A/5B protease cleavage site is Seq ID No. 10. 

[0035] The next portion of the fusion protein of this 
invention is the ligand binding domain (hereinafter, “LBD”). 
The LBD is a peptide domain Which binds to a ligand, 
Wherein said ligand binding is required for said fusion 
protein to (1) bind to a LRE, Wherein the element is 
operatively linked to a reporter gene; and/or (2) to bind to a 
protein binding partner as an interim step preceding the 
binding to the resulting fusion protein-protein binding part 
ner complex to a LRE. Thus, ligand binding to the fusion 
protein ligand binding domain is necessary for the transcrip 
tional regulation of the expression of said reporter gene. 

[0036] Ligand binding domains suitable for use in this 
invention may be derived from ligand binding domains of 
transcription factors that initiate or repress of transcription 
upon ligand binding. Such transcription factors include 
hormone receptors [Freedman, L. P., 1998, “Molecular Biol 
ogy of Steroid and Nuclear Hormone Receptors,”Progress 
in Gene Expression, Boston: Birkhauser; Tsai, M-J., 1994, 
“Mechanism of Steroid Hormone Regulation of Gene Tran 
scription,”Molecular Biology Intelligence Unit, Austin: R. 
G. Landes Co.; Eggert, M. et al., “The Glucocorticoid 
Hormone Receptor,”Inducible Gene Expression, vol. 2 
(1995) Birkhauser: Boston, Mass. Ed. P. A. Baeuerle. pp. 
131-156; Piedra?ta, F. J. and M. Pfahl, “The Thyroid Hor 
mone Receptors,”Inducible Gene Expression, vol. 2 (1995) 
Birkhauser: Boston, Mass. Ed. P. A. Baeuerle. pp. 157-185; 
Keaveney M. and H. G. Stunnenberg, “Retinoic Acid Recep 
tors,”Ina'ucible Gene Expression, vol. 2 (1995) Birkhauser: 
Boston, Mass. Ed. P. A. Baeuerle. pp. 187-242), each of 
Which is herein incorporated by reference]; carbohydrate 
responsive transcription factors; metallothionein (MT) 
genes; orphan receptors; tetracycline-inducible transcription 
factors; the IPTG-inducible transcription factors; dioxin 
receptors; and aryl hydrocarbon receptors.] 

[0037] In a preferred embodiment of this invention, the 
ligand binding domain is derived from the ligand binding 
domains of the steroid/thyroid hormone receptor superfam 
ily. Amino acid sequences encoding steroid and nuclear 
receptor ligand binding domains are Well knoWn in the art 
[See, for example, S. Simons, (1998) “Structure and Func 
tion of the Steroid and Nuclear Receptor Ligand Binding 
Domain,”Molecular Biology of Steroid and Nuclear Hor 
mone Receptors: Progress in Gene Expression, Birkhauser: 
Boston, Mass., the disclosure of Which is herein incorpo 
rated by reference]. In a more preferred embodiment, the 
ligand binding domain is derived from an ecdysone receptor. 

[0038] In a further embodiment of this invention, a ligand 
binding domain from a transcription factor may be modi?ed 
in the fusion protein of this invention such that it binds to a 
different ligand. For example, a human progesterone recep 
tor ligand binding domain may be mutated so that it is 
capable of binding the anti-progesterone compound RU486 
(Wang, Y., et al., (1997) “Positive and Negative Regulation 
of Gene Expression in Eukaryotic Cells With an Inducible 
Transcriptional Regulator,”Gene T her 4:432-41, the disclo 
sure of Which is herein incorporated by reference). Such 
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RU486-inducible GAL4 DNA binding domain fusion pro 
tein is contemplated for use in this invention. 

[0039] A DNA binding domain (hereinafter, “DBD”) 
refers to a peptide sequence in the fusion protein according 
to this invention Which recogniZes and binds to a speci?c 
nucleotide sequence (e.g., a DNA element or a LRE). DNA 
binding domains useful according to this invention may be 
derived from the DNA binding domains of DNA binding 
proteins, such as transcription factors. 

[0040] In a preferred embodiment, these DNA binding 
proteins are transcription factors that directly bind DNA and 
initiate or repress transcription. Such transcription factors 
are Well knoWn in the art [McKnight, S. L. and K. R. 
Yamamoto, 1992, “Transcriptional Regulation,”Cold Spring 
Harbor Monograph Series, Plainview, NY: Cold Spring 
Harbor Laboratory Press; Latchman, D. S., 1995, Eukary 
otic Transcription Factors, San Diego: Academic Press, 
2.ed.; Latchman, D. S., 1993, “Transcription Factors: A 
Practical Approach,”T he Practical Approach Series, NeW 
York: IRL Press at Oxford University Press; Papavassiliou, 
A., (1997) “Transcription Factors in Eukaryotes,”Molecular 
Biology Intelligence Unit, NeW York: Chapman & Hall; 
Eckstein, F., and D. M. J. Lilley, 1997, “Mechanisms of 
Transcription,”Nucleic Acids and Molecular Biology, Vol. 
11, NeW York: Springer-Verlag, the disclosures of Which are 
herein incorporated by reference]. 
[0041] Preferred DNA binding domains contemplated for 
use in this invention include the DNA binding domains of 
the folloWing transcription factors: homeobox proteins, Zinc 
?nger proteins (Sluyser, M., 1993, Zinc Finger Proteins in 
Oncogenesis: DNA Binding and Gene Regulation, NeW 
York: NeW York Academy of Sciences), helix-turn-helix 
proteins, helix-loop-helix proteins (e.g., LittleWood, Trevor 
D., 1998,Helix-Loop-Helix Transcription Factors, 3rd. Ed., 
NeW York: Oxford University Press), leucine Zipper proteins 
(e.g., Hurst, H. C., 1996, Leucine Zippers: Transcription 
Factors, 3rd. ed., San Diego: Academic Press), GAL4 
protein, hormone receptors, orphan receptors, and E. coli 
transcription factors such as the lactose operon repressor, 
tetracycline-controlled transactivator, and FadR. 

[0042] The present invention also contemplates the use of 
the DBD’s of metal-binding DNA-binding proteins that 
regulate the transcription of metallothionein (MT) genes. 
Such metal-binding DNA-binding proteins include MTF-1, 
ACE1, and AMT1. [Heuchel, R., et al., “Transcriptional 
Regulation by Heavy Metals, Exempli?ed at the Metal 
lothionein Genes,”Inducible Gene Expression, vol. 1 (1995) 
Birkhauser: Boston, Mass. Ed. P. A. Baeuerle. pp. 206-240.] 

[0043] In a more preferred embodiment of this invention, 
the DNA-binding domain is obtained from a member of the 
steroid/thyroid superfamily of receptors. The members of 
the steroid/thyroid superfamily of receptors are knoWn in the 
art as hormone binding proteins that function as ligand 
dependent transcription factors. They include identi?ed 
members of the steroid/thyroid superfamily of receptors for 
Which speci?c natural ligands have not yet been identi?ed 
(referred to herein as “orphan receptors”) [B. M. Forman, 
(1998) “Orphan Nuclear Receptors and Their Ligands,”Mo 
lecular Biology of Steroid and Nuclear Hormone Receptors, 
L. P. Freedman, Ed., Birhauser: Boston, pp. 281-305.] 

[0044] Members of the orphan receptors useful in this 
invention include HNF4, the COUP family of receptors and 
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COUP-like receptors, peroxisome proliferator-activated 
receptors (PPARs), insect derived knirps and knirps-related 
receptors, and various isoforms thereof. 

[0045] The amino acid sequences encoding such DBD’s 
are Well knoWn in the art Rastinejad, (1998) “Structure 
and Function of the Steroid and Nuclear Receptor DNA 
Binding Domains,”Molecular Biology of Steroid and 
Nuclear Hormone Receptors: Progress in Gene Expression 
Birkhauser: Boston, Mass., the disclosure of Which is herein 
incorporated by reference]. 

[0046] Like the LBD used in the fusion proteins of this 
invention, the DNA binding domains of this invention may 
be modi?ed from the sequence present in the source tran 
scription factor so that it recogniZes a different LRE. For 
example, the amino acid sequence of the DNA binding 
domain of a steroid/thyroid family members may be modi 
?ed such that the DNA binding domain binds to a LRE 
recogniZed by another steroid/thyroid family member. For 
example, modi?cation of the “P-box” amino acid sequence 
of a steroid/thyroid family member, i.e., a region in the 
DNA-binding domain that is typically located at the junction 
of the ?rst Zinc ?nger and the linker region, is contemplated 
by this invention (Umesono et al., (1989) Cell 57:1139 
1146, particularly FIG. 2 and Table 1; the disclosure of 
Which is herein incorporated by reference). 

[0047] In a preferred embodiment, the DNA binding 
domain is derived from the Drosophila ecdysone receptor, 
Wherein the P-box of the ecdysone receptor having the 
amino acid sequence EGCKG (SEQ. ID. NO. 23) is replaced 
With the amino acid sequence GSCKV (SEQ. ID. NO. 24). 
The neW P-box sequence GSCKV causes the ecdysone 
receptor to recogniZe the LRE -AGAACA- instead of the 
LRE -AGGTCA-. 

[0048] Members of the steroid/thyroid superfamily of 
receptors that are particularly useful for providing the LBD 
and/or the DBD of a fusion protein of this invention include 
steroid receptors such as the glucocorticoid receptor (GR), 
the mineralcorticoid receptor (MR), the estrogen receptor 
(ER), the progesterone receptor (PR) such as hPR-A or 
hPR-B, the androgen receptor (AR), the vitamin D3 receptor 
(VDR); retinoid receptors such as retinoic acid receptors 
(e.g., RARot, RARB, or RARy) and retinoid X receptors 
(e.g., RXRot, RXRB, or RXRY); thyroid receptors (TR) such 
as TRO. and TR[3; insect-derived receptors such as the 
ecdysone receptors; and isoforms thereof. 

[0049] According to one preferred embodiment, a fusion 
protein of this invention contains a DNA binding domain 
Which is engineered near or next to a ligand binding domain 
and neither of the tWo domains contains a PCS, nor is a PCS 
located betWeen the tWo domains. 

[0050] An optional component of the fusion protein of this 
invention is an expression modulator domain. As stated 
above, if the expression modulator domain is not present on 
the fusion protein, it must be present on a protein that 
associates With the fusion protein. 

[0051] Expression modulator domains contemplated for 
use in this invention, either as part of the fusion protein or 
a separate protein Which associates With the fusion protein, 
are typically derived from DNA binding proteins, such as 
transcription factors. These sequences are knoWn in the art 
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to activate or to repress transcription through their interac 
tion With other transcription factors necessary for transcrip 
tion. 

[0052] In embodiments Where the expression modulator 
domain is present Within a second protein that binds to the 
fusion protein, that second protein should not increase or 
decrease transcription in the absence of a fusion protein of 
this invention and its ligand. In embodiments Where the 
expression modulator domain is present Within the fusion 
protein it is preferably located at the terminus opposite to the 
location of the DNA binding domain. 

[0053] In a preferred embodiment of this invention, the 
expression modulator domain activates transcription as 
opposed to repressing that activity. Such activation domains 
include the N-terminal regions encoding activation domains 
in the steroid/thyroid superfamily of receptors, the activation 
domains of viral transcription factors, the yeast GCN4 

activation domain or the GAL4 activation domain Struhl, “Yeast GCN4 Transcriptional Activator Protein, 

”Transcriptional Regulation, Eds. S. L. McKnight and K. R. 
Yamamoto, Cold Spring Harbor Laboratory Press (1992), 
pp. 833-859; A. A. F. Gann et al., “GAL11, GAL11P, and the 
Action of GAL4,”Transcriptional Regulation, Eds. S. L. 
McKnight and K. R. Yamamoto, Cold Spring Harbor Labo 
ratory Press (1992), pp. 931-946; K. J. Martin and M. R. 
Green, “Transcriptional Activation by Viral Immediate 
Early Proteins: Variations on a Common Theme,”Transcrip 
tional Regulation, Eds. S. L. McKnight and K. R. Yama 
moto, Cold Spring Harbor Laboratory Press (1992), pp. 
695-725, the disclosures of Which are herein incorporated by 
reference]. 
[0054] In another preferred embodiment, the expression 
modulating domain is part of the fusion protein. An even 
more preferred is When the expression modulating domain is 
the N-terminal activation domain of the VP16 protein. 

[0055] It should be understood that the ligand binding 
domain, DNA binding domain and expression modulator 
domain need not be derived from the same transcription 
factor. 

[0056] For example, a chimera comprising the DNA 
binding domain of the retinoic acid receptor and the ligand 
binding domain of the vitamin D receptor (VDR) may be 
made (Pemrick, S., et al., (1998) “Characterization of the 
Chimeric Retinoic Acid Receptor RARot/VDRj’Leukemia 
12:554-562) or a chimera comprising the Jun DNA binding 
domain may be fused to the estrogen receptor ligand binding 
domain and expression modulator activation domain (Kruse, 
U., et al., (1997) “Hormone-regulatable Neoplastic Trans 
formation Induced by a Jun-Estrogen Receptor Chimera, 
”PNAS USA 94:12396-12400). 

[0057] Other examples include the fusion of the lacR 
DNA-binding domain and the VP16 activation domain. This 
creates a fusion protein that requires IPTG to bind to the 
LRE, lacO [LaboW, M. et al., (1990) Mol. Cell. Biol. 
10:3343-3356]. In another example, the fusion of the tetR 
protein and the VP16 activation domain creates a fusion 
protein Which releases from the LRE, tetO, in the presence 
of tetracycline in cells and in transgenic animals [Gossen, 
M. and H. Bujard, (1992) “Tight Control of Gene Expres 
sion in Mammalian Cells by Tetracycline-Responsive Pro 
moters,”PNAS USA 89:5547-5551; Furth, P. A., et al., (1994) 
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“Temporal Control of Gene Expression in Transgenic Mice 
by a Tetracycline-Responsive Promoter,”PNAS USA 
89:9302-9306]. AtetR-VP16 fusion protein according to this 
invention may contain a protease cleavage site in its DNA 
binding domain such that DNA binding is eliminated When 
the PCS is cleaved. Thus, upon addition of tetracycline, 
uncleaved fusion protein Would continue to transactivate 
from tetO, Whereas cleaved fusion proteins Would be inac 
tive. 

[0058] A preferred embodiment of this invention is the 
fusion of the VP16 activation domain of herpes simplex 
virus, the ligand binding domain of a steroid/thyroid recep 
tor superfamily member and the DBD of a steroid/thyroid 
receptor superfamily member. In a more preferred embodi 
ment, the steroid/thyroid receptor superfamily member is the 
ecdysone receptor. 

[0059] As described above, the invention also contem 
plates fusion proteins Which require contact With a protein 
binding partner (“PBP”) in order to bind DNA or to increase 
speci?city of binding or af?nity of binding of the fusion 
protein to its LRE. Thus, a protein binding partner according 
to this invention is a protein that binds to a fusion protein of 
this invention and increases the af?nity or speci?city of 
binding of the DNA-binding domain of the fusion protein to 
a speci?c LRE. The protein binding partner is a protein that 
also binds to a particular DNA element that is operatively 
linked to the reporter gene. If the fusion protein of this 
invention requires a protein binding partner for increased 
af?nity or speci?city of DNA binding, then it is desirable to 
ensure that the fusion protein includes a dimeriZation 
domain for interaction With the PBP. 

[0060] Protein binding partners that may be suitable for 
interacting With the dimeriZation domains of the fusion 
proteins of this invention are knoWn in the art. [e.g., T. D. 
LittleWood and G. I. Evan (1998) “Structure/Function Rela 
tionships of HLH Proteins,”Helix-Loop-Helix Transcription 
Factors, 3rd. Ed., NeW York: Oxford University Press, pp. 
27-41; Hurst, H. C., 1996, Leucine Zippers: Transcription 
Factors, 3rd. ed., San Diego: Academic Press, pp. 27-29; 
and L. P. Freedman, Ed., (1998) Molecular Biology of 
Steroid an Nuclear Hormone Receptors: Progress in Gene 
Expression, Birkhauser: Boston, Mass.]. 

[0061] For example, several heterodimeric partners of 
basic-helix-loop-helix (bHLH) transcription factors are 
knoWn in the art. [LittleWood, Trevor D., 1998, Helix-Loop 
Helix Transcription Factors, 3rd. Ed., NeW York: Oxford 
University Press) pp. 37-41] In a more speci?c example, 
bHLH transcription factors such as the ligand-dependent 
dioxin receptors and aryl hydrocarbon receptors (AHRs) 
heterodimeriZe With the AHR nuclear translocator protein 
(ARNT) [WhitelaW, M. L. et al., (1994) “Identi?cation of 
Transactivation and Repression Functions of the Dioxin 
Receptor and Its Basic Helix-Loop-Helix/PAS Partner Fac 
tor Arnt: Inducible Versus Constitutive Modes of Regula 
tion,”Mol. Cell. Bio. 14:8343-8355]. 

[0062] Another example is the steroid/thyroid family of 
receptors Which have the ability to heterodimeriZe With each 
other or With other non-steroid/thyroid receptor family 
members (e.g., Rhee, et al., (1995) “Retinoid X-Receptor 
alpha and Apolipoprotein AI Regulatory Protein 1 Differ 
entially Modulate 3,5,3‘-Triiodothyronine-Induced Tran 
scription,”Endocrinology 136:2697-704; Li, et al., (1997) 
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“Coexpression of Nuclear Receptors Partners Increases 
Their Solubility and Biological Activities,”PNAS USA 
94:2278-83). 
[0063] Yet another example are the bZIP factors Which 
heterodimeriZe With several other proteins. [e.g., H. C. 
Hurst, Leucine Zippers: Transcription Factors, 3rd Ed. 
London: Academic Press, (1996), page, 28.] Such het 
erodimers and homodimers comprising a fusion protein of 
this invention are contemplated. 

[0064] In a preferred embodiment of this invention, a 
P-box modi?ed ecdysone receptor heterodimeriZes With 
mammalian RXR. 

[0065] A fusion protein of this invention for use in cellular 
transcription assays should localiZe to the nucleus of the host 
cell. A nuclear localiZation signal already present Within a 
domain of a fusion protein of this invention may provide the 
nuclear localiZation signal. Alternatively, a nuclear localiZa 
tion signal knoWn in the art may be engineered into the 
fusion protein to ensure nuclear localiZation. [e.g., D. B. 
DeFranco, (1998) “Subcellular and Subnuclear Traf?cking 
of Steroid Receptors,”Molecular Biology of Steroid and 
Nuclear Hormone Receptors: Progress in Gene Expression, 
Birkhauser: Boston, Mass.; Guiochon-Mantel A, et al., 
(1996) “The Ernst Schering Poster AWard. Intracellular 
Traf?c of Steroid Hormone Receptors,”J. Steroid Biochem. 
Mol. Biol. 5613-9, the disclosures of Which are herein 
incorporated by reference]. 
[0066] In an alternative embodiment of the methods of this 
invention, the fusion protein lacks a ligand binding domain. 
Speci?cally, in this embodiment, the fusion protein com 
prises (1) a DNA-binding domain and (2) a protease cleav 
age site. In these methods, the transcriptional activity of the 
fusion protein is inducible by altering the temperature of the 
transcription environment or causing stress to the cells in 
Which the transcription event takes place. For example, high 
af?nity binding of a heat shock factor (“HSF”) to its 
response element, HSE, is dependent on a heat shock 
stimulus. [e.g., J. Lis and C. Wu, “Heat Shock Factor, 
”Transcriptional Regulation, Eds. S. L. McKnight and K. R. 
Yamamoto, Cold Spring Harbor Laboratory Press (1992), 
pp. 907-930; D. S. Latchman, “Transcription Factors and 
Inducible Gene Expression,” Eukaryotic Transcription Fac 
tors, 2nd Ed. London: Academic Press Limited, (1995) pp. 
71-78.] 
[0067] A protease cleavage site of interest may be engi 
neered into the HSF protein such that the transcriptional 
activity of the cleaved HSF fusion protein is loWer or 
negligible compared to uncleaved HSF fusion protein after 
stimulus by heat. 

[0068] The use of the fusion proteins, DNA molecules and 
vectors of this invention contemplated by the methods of 
this invention include cellular and in vitro transcription 
reactions. 

[0069] Methods for conducting transcription assays in 
cells are knoWn. [e.g., R. White and M. Parker, “Analysis of 
Cloned Factors,”Transcription Factors: A Practical 
Approach, Ed. D. S. Latchman, IRL Press: Oxford (1993) 
pp. 145-152; F. M. Ausubel et al., Eds. CurrentProtocols in 
Molecular Biology, Greene Publishing Associates & Wiley 
Interscience: NeW York (1991); Sambrook et al. Molecular 
Cloning: A Laboratory Manual 2nd. Ed., Cold Spring Har 
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bor Laboratory Press (1989)]. Brie?y, DNA encoding a 
fusion protein of this invention, a reporter plasmid, a pro 
tease and, optionally, a second protein having a expression 
modulator domain Will be introduced into a cell. Next, the 
transcriptional activity of the fusion protein Will be induced 
by adding a ligand or by altering the environment of the cell 
(e.g., changing the temperature of the environment of the 
cell). The quantity of mRNA, the quantity of reporter 
protein, or the activity of the reporter protein Will be 
measured using standard techniques knoWn in the art. Tran 
scription in the absence of protease can be compared With 
transcription in the presence of protease. 

[0070] Methods for conducting in vitro transcription reac 
tions are also knoWn [Sierra, F., et al., “In vitro Transcription 
With Nuclear Extracts from Differentiated Tissues,”Gene 
T ranscription:A PracticalApproach (1993) Oxford Univer 
sity Press: Walton Street, Oxford. Ed. D. Hames and S. 
Higgins. pp. 125-152; Snoek, R. et al., (1996) “Induction of 
Cell-Free, In Vitro Transcription by Recombinant Androgen 
Receptor Peptides,”J. Steroid Biochem. Molec. Biol. 59:243 
250; Dignam, J. D., et al., (1992) “Preparation of Nuclear 
and Cytoplasmic Extracts from Mammalian Cells,”In Cur 
rent Protocols in Molecular Biology (Ed. by F. A. Ausubel 
et al.) John Wiley and Sons: NeW York pp. 1211-1219.; 
Klein-Hitpaiss, L., et al., (1990) “The Progesterone Recep 
tor Stimulates Cell-Free Transcription by Enhancing the 
Formation of a Stable Preinitiation Complex,”Cell 60:247 

257]. 
[0071] Brie?y, cellular extracts prepared by protocols 
Which have been shoWn to support in vitro transcription 
reactions Would be prepared. Puri?ed or partially puri?ed 
proteins Would be added to the cellular extract together With 
a reporter plasmid. Such puri?ed or partially puri?ed pro 
teins, such as the fusion protein of this invention may be 
produced by overexpression in a cell introduced to the DNA 
encoding the fusion protein, e.g., SF9 cells via baculovirus 
infection, plant cells, yeast cells, mammalian cells, and 
bacterial cells. Proteins such as the protease and, optionally, 
the second protein having an expression modulator domain 
and/or a protein binding partner may also be prepared from 
their original sources using methods knoWn in the art to 
purify them. 
[0072] Next, the transcriptional activity of the fusion 
protein Will be induced by adding a ligand. The quantity of 
mRNA produced, the quantity of reporter protein produced, 
or the activity of the reporter protein Will be measured using 
standard techniques knoWn in the art. Transcription in the 
presence of protease can be compared With transcription in 
the absence of protease. 

[0073] The invention also provides a method for screening 
compounds for inhibitory protease activity. A compound to 
be screened may be added at the same time the ligand is 
added or added during the initial expression/incubation of 
the protease With a fusion protein. The optimal level of 
compound needed to achieve the greatest inhibition of the 
protease may be determined by titration of the compound. 
[0074] The invention also provides for a method for 
comparing the activity of tWo proteases Which recogniZe the 
same protease cleavage site. The method is useful for 
comparing the activity of mutant and non-mutant proteases, 
e.g., HIV aspartyl proteases from patients. 
[0075] The invention also provides a method for compar 
ing the activity of a protease against different protease 
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cleavage sites. This method is useful for determining sub 
strate speci?city of a given protease The invention also 
provides kits for assaying protease activity. If the kit is to be 
used in an in vitro transcription assay of a reporter gene, then 
it may comprise an in vitro transcription extract, a vector as 
described above containing a reporter gene, a supply of 
ligand, and instructions, optionally, it may provide a supply 
of a fusion protein of this invention, a second protein 
comprising an expression modulator domain, and/or a pro 
tease expressed from a source including bacteria, insect 
cells, mammalian cells, and yeast. 
[0076] If the kit is to be used in a cellular transcription 
assay, the kit may include a DNA sequence encoding a 
fusion protein of this invention and a vector encoding a 
reporter plasmid as described above, a ligand Which asso 
ciates With and regulates the activity of said fusion protein 
encoded by the DNA sequence of the protein; and instruc 
tions for using said kit to assay protease activity. 

[0077] Proteases that are particularly useful in the methods 
of this invention are proteases that contribute to the symp 
toms or to the onset of a disease. For example, those 
proteases involved in digestion, blood clotting, apoptosis, 
activation of immune responses, Zymogen activation, viral 
maturation, protein secretion and protein traf?cking. In one 
embodiment of the invention, the proteases of interest are 
those involved in AlZheimer’s disease, cystic ?brosis, 
emphysema, hypertension, tumor invasion and metastasis 
and viral-associated diseases. According to a preferred 
embodiment of this invention, the proteases are HIV aspartyl 
protease and HCV NS3 protease, and active fragments or 
fusion proteins thereof. 

[0078] In one embodiment of this invention, any one or all 
of the DNA molecules encoding the fusion proteins, PBP’s, 
proteases and second proteins comprising the expression 
modulator domain may be further modi?ed to provide an 
additional polypeptide sequence for ease in puri?cation or 
identifying of the expression of the protein. For example, 
such polypeptide sequences may include an epitope for 
binding an antibody, an Fc portion of an antibody for 
binding protein A beads, glutathione S transferase, maltose 
binding protein, His(n), FLAG, and Strep-tag. These screen 
able tags are all Well knoWn in the art and are fully available 
to the person skilled in the art. 

[0079] Several vectors useful for overexpression of pro 
teins of this invention are commercially available or knoWn 
for expression in yeast, insect cells, bacteria, yeast, plant 
cells and mammalian cells. 

[0080] Host cells useful according to the methods of this 
invention are Well knoWn in the art. If the activity of an 
exogenous protease is being studied, it is desirable that the 
host cell does not express high levels of endogenous pro 
teases Which recogniZe the protease cleavage site(s) being 
targetted. Suitable host cells may include CHO cells; HeLa 
cells; liver cells; CV-l cells; P19 cells; NT2/D1 cells; mouse 
L cells; African Green monkey kidney cells, such as COS-7 
cells or other COS cells; human embryonic kidney cells, 
such as HEK 293; DG44 cells, ltk-cells, mouse NIH 3T3 
cells and yeast cells. The host cells may be transiently 
transfected or stably transformed cell lines. In a preferred 
embodiment of this invention, the host cells are COS cell or 
cells from a liver cell line. 

[0081] Ligands suitable for use in the methods of this 
invention are Well knoWn in the art. The ligands should bind 
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to the ligand binding domains of the transcription factors 
from Which the ligand binding domains of the fusion pro 
teins have been derived, or to modi?ed ligand binding 
domains thereof (see above). Preferably, the ligand does not 
substantially enhance or repress transcription from the pro 
moter unless a LRE for the fusion protein is spliced or 
inserted into an vector comprising a promoter and a reporter 
gene, Wherein the LRE is linked to a promoter in a manner 
Which makes transcriptional activity from the promoter 
operatively responsive to ligand. 

[0082] Choice of ligand to use Will necessarily depend on 
the ligand binding domain of the fusion protein being used. 
For example, suitable ligands for use With metal-binding 
DNA fusion proteins may include Zinc, cadmium, and 
copper. 

[0083] For example, suitable ligands for use With steroid 
binding or modi?ed steroid binding fusion proteins may 
include androgen, glucocorticoid, mineralocorticoids, thy 
roid hormones, estrogen, progesterone, progestogen, ret 
inoic acid, vitamin D3, 20-hydroxy-ecdysone, ponasterone 
A, 26-iodoponasterone A, muristerone A, inokosterone, 
26-mesylinokosterone, mifepristone (RU 486) and analogs 
thereof. 

[0084] As used herein, androgens include dihydroxytest 
osterone and analogs thereof including methyltrienolone. 

[0085] As used herein, glucocorticoid hormones include 
cortisol, hydrocortisone, and corticosterone, and analogs 
therof including dexamethasone, deoxycorticosterone, and 
triamcinolone acetonide. 

[0086] As used herein, mineralcorticoids include aldoster 
one, coricosterone and deoxycorticosterone. 

[0087] As used herein, thyroid hormones include thyrox 
ine (T4) and triodothyronine (T3). 

[0088] As used herein estrogens include estradiol-17 beta, 
and analogs thereof indulcing diethylstilbestrol. 

[0089] As used herein progestogens include analogs of 
progesterone including promegestrone. 

[0090] Suitable ligands for tetracycline-inducible fusion 
protein include tetracycline and analogs thereof. 

[0091] Suitable ligands for carbohydrate-inducible fusion 
proteins include arabinose, lactose, and isopropyl [3-D 
thiogalactoside (IPTG). 
[0092] Suitable ligands for aryl hydrocarbon inducible 
fusion proteins include dioxin. 

[0093] Suitable ligands for orphan receptors include the 
folloWing: phytenic acid, 9-cis retinoic acid, and LG100268 
for the RXR receptor; 8S-HETE and Wy 14,643 for the 
PPARO. receptor; 15-deoxy-A12>14-PGJ2 and BRL 49653 for 
the PPARY receptor; linoleic acid and carba-prostacyclin for 
the PPARo receptor; farnesol for the FXR receptor; and 
24(S),25-epoxycholesterol for the LXR receptor. [B. M. 
Forman, (1998) “Orphan Nuclear Receptors and Their 
Ligands,”Molecular Biology of Steroid and Nuclear Hor 
mone Receptors, L. R Freedman, Ed., Birhauser: Boston, 
pp. 281-305.] 

[0094] The LREs and PBP-DNA elements in this inven 
tion are nucleic acid molecules that provide DNA binding 
sites for the fusion proteins and the protein binding partners, 
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respectively. Both elements should be operatively linked to 
a promoter to control the activation or repression of tran 
scription of a reporter gene. The phrase “operatively linked” 
refers to linking a nucleic acid molecule (e.g., a reporter 
gene encoding a reporter protein) to a LRE and a PBP-DNA 
element (if PBP binding is necessary for transcription) and 
to transcription control sequences in a manner such that the 
nucleic acid molecule molecule is able to be expressed When 
introduced (e.g., transfected, transformed, transduced, con 
jugated, or by recombination or by infection) into a host cell. 

[0095] Transcription control sequences are sequences 
Which control the initiation, elongation, and termination of 
transcription. Particularly important transcription control 
sequences are those Which control transcription initiation 
such as the promoter. Preferably, the promoter is a minimal 
promoter. The term “minimal promoter” is intended to 
describe a partial promoter sequence Which de?nes the start 
site of transcription for the linked sequence to be tran 
scribed, but Which by itself is not capable of initiating 
transcription ef?ciently, if at all, in a certain cell environ 
ment. Thus, the activity of such a minimal promoter is 
dependent upon the binding of a fusion protein of this 
invention. 

[0096] In a preferred embodiment, the minimal promoter 
is from the drosophila heat shock promoter and the target 
LRE for the fusion protein is AGAACA generated as 
described in PCT/US97/05330 (incorporated by reference 
herein). 
[0097] LREs according to this invention should be opera 
tive to confer responsiveness to a ligand. In a further 
embodiment, DNA elements that bind to PBP’s of this 
invention may also be ligand-responsive if the PBP used is 
a ligand-binding protein. Choice of LRE and DNA element 
(as necessary) and the arrangement of those elements With 
respect to each other Will depend upon the the fusion protein 
or the PBP used. For example, if the DNA-binding domain 
of the fusion protein is from a basic-helix-loop-helix protein, 
the LRE Would likely comprise the consensus DNA hexamer 
CANNTG (also knoWn as an “E box”) (e.g., LittleWood, et 
al., supra, page 31). 

[0098] The preferred DNA binding sites (i.e., LREs and 
DNA elements) for many transcription factors are knoWn. 
[D. J. Mangelsdorf and R. M. Evans, (1992) “Retinoid 
Receptors as Transcription Factors,”Transcriptional Regu 
lation, Eds. S. L. McKnight and K. R. Yamamoto, pp. 
1137-1167; L. P. Freedman, Ed., (1998) Molecular Biology 
of Steroid and Nuclear Hormone Receptors: Progress in 
Gene Expression, Birkhauser: Boston, Mass., pp. 111-113; 
and PCT/US97/05330 incorporated by reference herein.] 

[0099] The promoter controlling the expression of the 
fusion proteins, PBP’s, and proteases in a mammalian cell 
may be constitutive such as the cytomegalovirus (CMV) 
promoter, the SV40 early promoter, and the Rous Sarcoma 
Virus (RSV) promoter. For added control, the fusion protein, 
PBP’s, and proteases may be under the control of an 
inducible promoter. It is desireable that the inducible pro 
moter not be the same as the promoter that drives transcrip 
tion of the reporter gene. 

[0100] Reporter genes useful according to the methods of 
this invention are Well knoWn in the art. Such reporter genes 
include the luciferase gene, green ?uorescent protein gene 
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(US. Pat. No. 5,491,084), [3-galactosidase, secreted alkaline 
phosphatase gene and the chloramphenicol acetyl trans 
ferase gene. Also, the invention contemplates reporter genes 
encoding a marker protein With a signal sequence for 
secretion out of the cell such as the IL-1 beta gene. 

[0101] Vectors containing the reporter gene operatively 
linked to an LRE and DNA element (i.e., the reporter 
plasmid) may be prepared from materials available in the art. 
Such reporter plasmids preferably also include, for example, 
the folloWing: an origin of replication and a selectable 
marker(s). The reporter plasmid may optionally also include 
other DNA sequences, such as long terminal repeats 
(“LTR’s”), to cause the insertion of the vector into the 
genome of a cell line. 

[0102] Vectors suitable for expressing the fusion proteins, 
PBP’s, proteins having an expression modulator domain or 
proteases in bacteria or mammalian cells are Well knoWn in 
the art. Such vectors may for example include the folloWing: 
an origin of replication, a selectable marker and transcription 
control sequences such as a promoter and a polyadenylation 
sequence. Thus, the fusion proteins, PBP’s, proteins having 
expression modulator domains and proteases should be 
operatively linked to a constitutive or inducible promoter as 
described above. The vectors may be constructed such that 
tWo or more of the folloWing proteins: the fusion protein, the 
protease, and optionally, the PBP and/or protein having the 
expression modulator domain (if necessary for fusion pro 
tein function) are present in the same vector. The transcrip 
tion of these genes may be controlled by the same or 
different promoters. For example, each gene may be con 
trolled by a different inducible promoter or each gene may 
be controlled by the same constitutive promoter. 

[0103] The reporter plasmid and the vectors for expressing 
the fusion proteins, PBP’s, proteases, and second proteins 
comprising the expression modulator domain may comprise 
tWo selectable markers—one that confers groWth in prokary 
otic cells such as bacteria and one that confers for groWth in 
eukaryotic cells such as yeast, mammalian or plant cells in 
the presence of speci?c compounds. Selectable markers 
useful in this invention may confer resistance to drugs such 
as ampicillin, kanamycin, hygromycin, neomycin or G418. 

[0104] In a preferred embodiment of this invention, the 
vector encodes the fusion protein having the DNA sequence 
Seq. ID. No. 19. In a further preferred embodiment of this 
invention, a vector encoding the fusion protein having the 
DNA sequence, Seq. ID. No. 21, is used as a control. In a 
preferred embodiment of this invention, the reporter plasmid 
is derived from PIND from Invitrogen. 

[0105] If the vectors and reporter plasmids are to be used 
in a transcriptional assay in a cell, they may be introduced 
into the host cells by techniques knoWn in the art such as 
transfection, lipofectin, cytofectin, particle bead bombard 
ment, electroporation, microinjection, or viral infection 
[e.g., F. M. Ausubel et al., Eds. Current Protocols in Molecu 
lar Biology, Greene Publishing Associates & Wiley-Inter 
science: NeW York (1991); Sambrook et al. Molecular 
Cloning: A Laboratory Manual 2nd. Ed., Cold Spring Har 
bor Laboratory Press (1989)]. 

[0106] In the case of viral infection, the DNA of interest 
may be cloned into a viral vector betWeen tWo retroviral 
LTRs, used to generate retrovirus, and infect cells With the 
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virus. Other viruses useful according to this invention 
include adenovirus, adeno-associated virus, and vaccinia 
virus. 

[0107] Methods for assaying for the presence of a reporter 
gene product are Well knoWn in the art. For example, 
methods for assaying the mRNA resulting from the tran 
scription of the reporter gene are knoWn [Sambrook et al., 
(1989) Molecular Cloning: A Laboratory Manual (Cold 
Spring Harbor Lab. Press:PlainvieW, N.Y.), 2nd Ed.; Eds. F. 
M. Ausubel et al., (1991) Current Protocols in Molecular 
Biology (John Wiley & Sons: NeW York, 5th Ed.] Methods 
for assaying the protein encoded by the reporter gene are 
also knoWn, and kits are available from companies for 
determining the same (e.g., Promega). 

[0108] In order that the invention described herein may be 
more fully understood, the folloWing examples are set forth. 
These examples are for illustrative purposes only and are not 
to be construed as limiting this invention in any manner. 

EXAMPLE 1 

Construction of DNA Vectors 

[0109] A. Materials 

[0110] (1) Vectors 
[0111] The plasmid pVgRXR Was obtained from Invitro 
gen. pVgRXR is a 8728 kb vector that expresses both a 
modi?ed Ecdysone Receptor (VgEcR) and a Retinoid X 
Receptor (RXR) to form a heterodimeric nuclear receptor 
(FIG. 1). Transcription of the VgEcR gene is driven by the 
cytomegalovirus (CMV) immediate early promoter. Tran 
scription of the RXR gene is driven by the Rous sarcoma 
virus (RSV) promoter. Stable cell lines expressing the genes 
may be made by selection on the antibiotic Zeocin. Product 
information regarding the features and the maintenance of 
the pVgRXR vector and the Ecdysone System kit are 
incorporated by reference from the Invitrogen technical 
manual. 

[0112] The plasmids PIND Was obtained from Invitrogen 
(FIG. 3). The plasmid PIND is a 5024 bp vector based on 
the pcDNA3.1 vector. It has ?ve hybrid LREs, i.e., ?ve 
ecdysone/glucocorticoid response elements (E/GRE), and 
the heat shock minimal promoter. The E/GRE’s can be 
recogniZed by a modi?ed ecdysone receptor expressed from 
pVgRXR. The plasmid pIND-Luc Was made by digesting 
the luciferase gene out of another plasmid, including its 
KoZak sequence and methionine start site and cloning it into 
the poly linker of PIND, i.e., doWnstream of the minimal 
heat shock promoter (FIG. 3). Both plasmids have neomy 
cin and ampicillin resistance genes for selection purposes. 
Product information regarding the features and the mainte 
nance of the pIND and pIND-Luc vectors are incorporated 
by reference from the Invitrogen technical manual. 

[0113] The mammalian expression plasmid pSRa has been 
described in the art Takebe et al., Mol. Cell. Biol, 8, pp. 
466-72 (1988) incorporated by reference herein]. The plas 
mid contains a promoter system composed of the simian 
virus 40 (SV40) early promoter and the R segment and part 
of the U5 sequence (R-US‘) of the long terminal repeat of 
human T-cell leukemia virus type 1 (HTLV-1). The plasmid 
also contains a 16S splice junction, an SV40 polyadenyla 
tion signal and an ampicillin resistance gene. The HTLV 
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LTR enhancer/promoter sequence drives high level expres 
sion of genes cloned doWnstream. Genes of interest may be 
cloned into the Pst I and EcoRl cites located 3‘ to the 16S 
splice junction. 

[0114] (2) Primers 

[0115] The VP16/5A5BF primer (Seq. ID. No. 12) is a 
28-mer designed to hybridiZe to an Xba I site upstream of 
the VP16 coding region of the pVgRXR plasmid. 

[0116] The VP16/5A5BR primer (Seq. ID. No. 13) is a 
86-mer designed to hybridiZe in part to the antisense strand 
in the 3‘ region of the DNA encoding the VP16 activation 
domain of the pVgRXR plasmid. The primer also comprises 
nucleotides complementary to the coding sequences for the 
SA/SB cleavage site of the HCV NS3-4A protease and an 
Xba I site. 

[0117] The VP16/5A**5BR primer (Seq. ID. No. 14) is a 
92-mer designed to hybridiZe in part to the antisense strand 
in the 3‘ region of the DNA encoding the VP16 activation 
domain of the pVgRXR plasmid. The primer also has 
nucleotides sequences complementary to the coding 
sequences for the SA/SB cleavage site of the HCV NS3-4A 
protease. HoWever, the DNA encoding the SA/SB cleavage 
site additionally has a six nucleotide insertion betWeen the 
DNA sequences encoding a cysteine and a serine codon. The 
six nucleotide insertion encodes tWo stop codons. 

[0118] The NS3-4AF primer (Seq. ID. No. 15) is a 47-mer 
designed to bind partly to the start of the NS3 coding region 
(corresponding to amino acid #1027-1032 in the HCV 
polypeptide). The remainder of the oligonucleotide contains 
multiple restriction sites for ease of cloning. 

[0119] The NS3-4AB primer (Seq. ID. No. 16) is a 44-mer 
designed to bind partly to the 3‘ end of the NS4A coding 
region (corresponding to amino acid #1705-1711 in the 
HCV polypeptide). The remainder of the oligonucleotide 
contains multiple restriction sites for ease of cloning. 

[0120] Each primer Was synthesiZed under standard con 
ditions knoWn in the art using an oligonucleotide synthesis 
machine. 

[0121] B. Polymerase Chain Reactions (PCR) and Cloning 
Strategy 

[0122] The PCR reactions Were carried out under standard 
conditions (Sambrook, J., Fritsch, E. F., and Maniatis, T. 
(1989). Molecular Cloning: A Laboratory Manual. Second 
Edition., Plainview, NY: Cold Spring Harbor Laboratory 
Press). 

[0123] (1) pVgRXR-SA/SB vector and pVgRXR 
SA* *SA vector 

[0124] The ?rst step toWards preparing the expression 
vector encoding VgRXR-SA/SB (Seq. ID. No. 19) involved 
a PCR reaction using the VP16/5A5BF primer (Seq. ID. No. 
12), the VP16/5A5BR primer (Seq. ID. No. 13) and the 
pVgRXR plasmid as the template. Next, the PCR product 
Was digested With Xba I. Avector for ligation With the PCR 
product Was prepared by digesting the pVgRXR vector With 
Xba I to remove the DNA encoding the VP16 activation 
domain. The vector backbone Was isolated and the digested, 
PCR insert Was ligated into the Xba I site in the backbone. 
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The ligations Were screened by sequencing to ensure the 
proper orientation of the insert and correctness of its nucle 
otide sequence. 

[0125] The ?rst step toWards preparing the expression 
vector encoding VgRXR-5A**5B (Seq. ID. No. 21) 
involved a PCR reaction using the VP16/5A5BF prirner 
(Seq. ID. No. 12), the VP16/5A**5BR prirner (Seq. ID. No. 
14) and the pVgRXR plasrnid as the template. Next, the PCR 
product Was digested With Xba I. Avector for ligating With 
the PCR product Was prepared by digesting the pVgRXR 
vector With Xba I to remove the DNA encoding the VP16 
activation domain. The vector backbone Was isolated and the 
digested PCR insert Was ligated into the Xba I site in the 
backbone. The ligations Were screened by sequencing to 
ensure the proper orientation of the insert and the correct 
ness of its nucleotide sequence. 

[0126] (2) 
4A(S1165A) 

pSRa-NS3-4A and pSRa-NS3 

[0127] The ?rst step toWards preparing the pSRa-NS3-4A 
vector encoding the NS3-4A cleavage site (Seq. ID. No. 10) 
involved a PCR reaction using the NS3-4AF prirner (Seq. 
ID. No. 15), the NS3-4AB prirner (Seq. ID. No. 16) and full 
length HCV H strain cDNA as a template [Inchauspe et al., 
(1991), PNAS USA 88:10292-10296 incorporated by refer 
ence herein]. Next, the PCR product Was digested With Pst1 
and EcoR1. Avector for ligating With the PCR product Was 
prepared by digesting the pSRot vector With Pst 1 and 
EcoR1. The vector backbone Was isolated and the PCR 
insert Was ligated into the Pst1-EcoR1 site in the backbone. 

[0128] The ?rst step toWards preparing the pSRa-NS3 
4A(S1165A) vector encoding the NS3-4A rnutant protease 
involved a PCR reaction using the NS3-4AF prirner (Seq. 
ID. No. 15), the NS3-4AB prirner (Seq. ID. No. 16) and the 
cDNA of the NS3 active site rnutant S1165A [A. Grakoui et 
al., (1993) J. Virology 67: 2832-43 incorporated by reference 
herein]. Next, the PCR product Was digested With Pst1 and 
EcoR1. A vector for ligating With the PCR product Was 
prepared by digesting the pSRa vector With Pst1 and EcoR1. 
The vector backbone Was isolated and the PCR insert Was 
ligated into the Pst1-EcoR1 site in the backbone. The 
NS3-4A(S1165A) has a serine to alanine substitution at 
amino acid number 1165, Which makes the protease inactive. 
Cornpare Seq ID Nos. 10 and Seq ID No. 11. 

EXAMPLE 2 

The NS3-4A Protease Ecdysone-Inducible 
Luciferase Assay 

[0129] HCV NS3-4A protease ecdysone-inducible 
luciferase assays Were generally carried out as described 
beloW. 

[0130] COS African green monkey kidney cells Were 
plated at approximately 150,000 cells/Well in a 6-Well plate. 
The next day, approximately 3.6 pg plasmid DNA Was 
dissolved in 100 pl of Dulbecco’s rnodi?ed Eagle’s rnedia 
Gibco BRL (DMEM), combined with 29 pl of Superfect 
reagent (Qiagen), and then mixed by pipetting. The mixture 
Was incubated at room temperature for ten minutes. 

[0131] The amounts of DNA typically used in each experi 
rnent Was as folloWs: 0.6 pg of pIND-Luc, 0.6 pg of 
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pVgRXR-5A/5B or pVgRXR-5A**5B, and 0-2.4 pg of 
pSRa-NS3-4A or pSRa-NS3-4A (S1165A) or pSRot. 

[0132] Next 600 pl of DMEM With v/v 10% fetal bovine 
serum (10% FBS-DMEM) Was added to the DNA mixture 
and mixed by pipetting. The cells in the 6-Well plate Were 
Washed With 2.5 ml phosphate-buffered saline (PBS). The 
PBS was removed from the cells and replaced by the DNA 
mixture. The cells Were incubated in the DNA mixture for 
three hours at 37° C. in a 5% CO2 incubator. 

[0133] After incubation, the cells Were Washed With PBS. 
The PBS was removed and 10% FBS-DMEM Was added to 
the cells. The cells Were incubated in 10% FBS-DMEM 
overnight at 37° C. in a 5% CO2 incubator. 

[0134] On the next day, an exogenous ligand Was added to 
the cells to induce transcription of the reporter gene. Spe 
ci?cally, the 10% FBS-DMEM Was aspirated off the cells 
and replaced With a 10% FBS-DMEM solution containing a 
concentration of 1-10 pM rnuristerone A or 1-10 pM pon 
asterone A (Invitrogen, United Kingdom). In some cases, a 
protease inhibitor dissolved in dirnethylsulfoxide(DMSO) 
Was also added to the cells for a ?nal concentration of 1-40 
pM. The cells Were incubated With rnuristerone A or pon 
asterone A for 24 hours at 37° C. in a 5% CO2 incubator. 

[0135] The folloWing day, the cells Were Washed With 
PBS. The activity of the luciferase protein was measured 
using a luciferase assay kit (Prornega). Speci?cally, the cells 
Were lysed in 250 pl of Cell Culture Lysis Reagent. The cells 
Were scraped from the plate and transferred to a rnicrofuge 
tube. The extract Was spun at 12,000><g for 5 seconds. 
TWenty rnicroliters of each sample Was added to 100 pl of 
Luciferase Assay Reagent. The light produced by the reac 
tion of the luciferase With the Reagent was measured in a 
lurninorneter and Was reported as relative light units (RLU). 

[0136] Most of the experiments Were done several times in 
triplicate. Error bars re?ecting the standard deviation of the 
data points are included in the Figures. 

Example 3 

The Insertion of a 5A/5B Junction BetWeen the 
Activation Domain and the DNA-binding Dornain 
Does Not Interfere With Muristerone A-Induced 

Transactivation 

[0137] Vectors encoding fusion proteins (VgRXR, 
VgRXR-5A/5B, or VgRXR-5A(Stop)5B) and pIND-Luc 
Were transfected into COS cells as described above 
(Example 2). On the folloWing day, some of the cells Were 
incubated With 1 pM of rnuristerone for 24 hours. The cells 
Were lysed and assayed for luciferase activity as described 
previously. The results are depicted in FIG. 4. 

[0138] The control fusion protein expressed by pVgRXR 
5A(Stop)5B, Which lacks the ecdysone DNA binding 
domain shoWs negligible activity. Little or no difference is 
observed betWeen the activities of the VgRXR and the 
VgRXR-5A/5B expressed fusion proteins. The results indi 
cate that the insertion of the 5A/5B junction in the VgRXR 
expressed protein does not interfere With rnuristerone A-in 
duced activity. 






























