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A human transient expression assay was used to examine the inducible transcriptional activation of beta
interferon (IFN-,l) and IFN-al promoters in a homologous cellular environment. Use of 293 cells, an

adenovirus DNA-transformed human embryonic kidney cell line, permitted Sendai virus-inducible expression
of IFN- I-CAT hybrid genes. Introduction of the simian virus 40 (SV40) enhancer 5' or 3' to the IFN-CAT gene
increased basal (uninduced) levels of chloramphenicol acetyltransferase (CAT) activity; in one construct the
SV40 enhancer - IFN-jl regulatory region combination increased the induced CAT activity 50- to 100-fold,
suggesting that this may be a generally useful inducible enhancer-promoter combination. No expression from
the IFN-ao-CAT hybrid gene was detected in 293 cells, indicating that human epithelioid cells lack a factor
required for expression of the IFN-a promoter. However, when the IFN-a regulatory region was combined
with the SV40 enhancer, a low level of inducible CAT activity was detected in the human transient system.

Human interferons (IFNs) represent a unique class of
inducible cellular proteins with a wide range of antiviral,
antiproliferative, and immune regulatory activities (18, 29).
IFNs are classified into three antigenically distinct groups,
designated IFN-a, IFN-3, and IFN--y. The IFN-a group is
encoded by two multigene families, IFN-ao, consisting of at
least 20 distinct genes or pseudogenes, and IFN-oal, encoded
by at least 6 genes (4, 18). IFN-P is encoded by a single gene
(25), although a related, intron-containing IFN-132 has been
described (16); IFN-y is encoded by a single, intron-
containing gene (11). Induction of many cell types with
viruses, synthetic polyribonucleotides, or bacterial antigens
leads to the secretion of IFNs (29); in general, fibroblastic
and epithelial cells synthesize IFN-13, while peripheral blood
leukocytes and lymphoid and myeloid cell lines produce a
heterogenous mixture of IFN-a and IFN-1 as a consequence
of differential gene transcription (14).

Stable introduction of the human IFN-al or IFN-,B gene
into murine fibroblastic cell lines by permanent transforma-
tion has defined the cis-acting elements involved in IFN
inducibility. A 46-nucleotide IFN-al promoter fragment
from positions -109 to -64 conferred virus inducibility upon
a heterologous rabbit P-globin gene (20, 26, 28). The se-
quences involved in poly(rI-rC) activation of the human
IFN-P gene in mouse C127 cells are located -37 to -77
relative to the mRNA cap site and display the characteristics
of an inducible enhancer element (8, 33); a study involving
the use of mouse L929 cells identified a different IFN-P
promoter fragment, spanning positions -117 to -40 relative
to the mRNA cap site, required for virus inducibility (6).
Recently, an elegant study has demonstrated that the IFN-,B
enhancer element is negatively regulated and has identified
regions of the IFN-13 promoter to which putative regulatory
factors bind (7, 34). In addition to sequences required for
transcriptional activation at the 5' flanking end of the gene,
sequences at the 3' untranslated end of the gene and mRNA
are involved in RNA stability and turnover (23, 24, 27).
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Studies on the characterization of cis-acting sequences
involved in human IFN gene regulation have been carried
out almost exclusively with murine fibroblastic cells cotrans-
formed with human IFN genes and a selectable marker (3,
6-8, 13, 20, 25, 28, 33, 35). The murine and human fibroblast
cell systems, however, differ fundamentally in that after
virus infection in mouse cells, IFN-a and IFN-P mRNAs and
proteins are synthesized in an approximately equimolar
mixture (15, 32), whereas in human fibroblasts, virus infec-
tion and double-stranded RNA treatment result in predomi-
nantly IFN-P1 synthesis (14, 27). Therefore, with these
differences in mind, we set out to develop a human transient
expression system to examine the transcriptional activation
of IFN-a and IFN-P genes in a homologous cellular environ-
ment and to ask whether different IFN genes are transcrip-
tionally activated by common regulatory factors or whether
expression of the transfected genes reflects the specificity of
the human cell.

Production of endogenous IFN mRNA in human cells. To
assess the expression of endogenous IFN genes in human
cell lines after induction by Sendai virus, total RNA was
isolated from various human cell lines at 5.5 h after induction
and hybridized with 32P-end-labeled IFN-P and IFN-al
probes (Fig. 1). Analysis of RNA from Sendai virus-induced
MG63, HeLa, and 293 fibroblasts (Fig. 1; see also Fig. 4) and
two human myeloid cell lines, U937 and KG-1, identified
IFN-1 transcripts in all cells examined, but at widely variant
levels; in addition, IFN-al was synthesized in U937 and
KG-1 cells. No IFN-al was detected in HeLa or 293 cells,
and the amount of IFN-al in MG63 cells was just above the
level of detectability (about 5 copies per cell). Thus although
fibroblastic or epitheloid cells produced variable amounts of
IFN-P in response to Sendai virus infection, IFN-a1 RNA
either was not detectable (HeLa, 293) or was present at very
low levels (MG63) in these cell types. The myeloid cells, on
the other hand, synthesized both IFN-al and IFN-3 RNA
after virus induction. Introduction of the IFN-13 and IFN-al
promoters into 293 cells will therefore permit a comparison
of the expression of genes with fibroblastic-epithelial (IFN-
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FIG. 1. Production of endogenous IFN-al/IFN-P mRNA in hu-
man fibroblastic and myeloid cells after Sendai virus induction. The
probes for mapping IFN-al and IFN-1 transcripts are indicated in
the diagrams of the human IFN genes. Symbols ;, protein-
coding sequences; _, nontranslated 5' and 3' regions; ,

bacterial sequences. The distance (in nucleotides) between the
32P-labeled 5' end of the probe (marked with an asterisk) and the 3'
end is indicated above the IFN gene. The distance in nucleotides
between the 5' end of the probe and the cap site is indicated below
the IFN gene. Total cellular RNA was isolated from uninduced
(odd-numbered lanes) and induced (even-numbered lanes) cells at
5.5 h after initial Sendai virus infection and analyzed for IFN-al
mRNA (lanes 1 to 8) or IFN-13 mRNA (lanes 9 to 16) by S1 mapping
(23). Lanes: P,,,, IFN-al 464-bp probe alone; 1 and 2, MG63 cell RNA;
3 and 4, KG-1 cell RNA; 5 and 6, U937 cell RNA; 7 and 8, HeLa cell
RNA; PI, IFN-P 922-bp probe alone; 9 and 10, MG63 cell RNA; 11
and 12, KG-1 cell RNA; 13 and 14, U937 cell RNA; 15 and 16, HeLa
cell RNA; M, marker of pBR322 digested with HaeIII and labeled
with [-y-32P]ATP.

P) or hematopoietic (IFN-al) cell specificity in a human
epithelial environment.
Enhancer-mediated expression of IFN-CAT plasmids in

human fibroblasts. The parental chloramphenicol acetyl-
transferase (CAT) plasmids were constructed by removing
either the entire simian virus 40 (SV40) promoter-enhancer
combination (SVOCAT) or most of the SV40 72-base-pair
(bp) repeats (SV1CAT) with the exception of 22 bp of one
repeat; as described previously (9), expression of CAT
activity in SV,CAT-transfected 293 cells was only about 4%
of the level observed in SV2CAT-transfected cells (see Fig.
5); conversion of [14C]chloramphenicol with lysates from
SVOCAT-transfected cells was only 2% of the control level.
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Promoter fragments from IFN-,B and IFN-ao were subcloned
into SVICAT and SVOCAT vectors (Fig. 2), and in some
plasmids the NcoI-PvuII 233-bp SV40 enhancer-containing
fragment (2, 12, 22) was placed 5' or 3' to the SVO-CAT
hybrid gene in either the NdeI or the BamHI site, respec-
tively (Fig. 3). The transcriptional activity of the SV40-IFN-
P enhancer-promoter combinations was analyzed by using
293 cells after they had been transfected with hybrid genes,
induced with Sendai virus at 20 h after transfection, and
harvested for CAT assay 20 h later. In this experiment
SV2CAT- and SV0P-transfected lysates (170 ,ug) produced a

relative induction of 0.96 and 41.7, respectively, although
the absolute conversion of [14C]chloramphenicol by induced
lysates differed by a factor of 5.6 (28 versus 5%, respec-
tively). The insertion of the SV40 enhancer either 5' or 3' to
the IFN-P-CAThybrid gene increased basal CAT expression
2.5- to 7.5-fold. After virus induction, relative CAT enzyme
activity was increased 95-fold in SV5+p-transfected lysates;
insertion of the SV40 enhancer either in the opposite (-)
orientation at the 5' site or in its normal (+) orientation at the
3' site produced only a 12-fold relative induction. Absolute
conversion values for SV5+I and SV2CAT lysates (66.5 and
28.1%, respectively) suggested that transcription from the
SVS,B promoter was occurring at 2.4 times the rate of
transcription from the SV40 promoter. Taking into consid-
eration the cumulative synthesis over 62 h of CAT enzyme in
SV2CAT-transfected cells and the induced CAT synthesis
over 24 h in SV5+, cells, it appeared that the highly
inducible SV5 + p enhancer-promoter combination func-
tioned about five times better in human 293 cells than did the
SV40 enhancer-promoter alone.

Kinetics of SV53 inducibility. The kinetics of the IFN-p
promoter linked to the SV40 enhancer in 293 cells was
examined relative to the endogenous IFN-P promoter. Cells
were transfected with SV5+, hybrid plasmid, infected with
Sendai virus 20 h later, and assessed for accumulation of
CAT activity at different times after induction (Fig. 4). By 6
h after virus infection CAT enzyme began accumulating, and
the amount steadily increased during the next 14 h. The drop
at 44 h may be due to degradation of accumulated CAT
enzyme as a result of virus infection. Endogenous IFN-P
mRNA was not measurable at 2 h after induction, but was
identified by Si mapping at 6 and 9 h (Fig. 4, inset). Analysis
of transcripts synthesized from the SV5 plasmid demon-
strated that before virus induction, mRNA was initiated
downstream of the SV40 promoter fragment, which includes
the enhancer- and Spl-binding sites; after induction, how-
ever, transcripts initiated at the authentic IFN-P cap site
were also identified (S. Xanthoudakis and D. Alper, unpub-
lished data). CAT activity in SV2CAT-transfected cells was
first detectable at 8 h after transfection, accumulated in a
linear manner, and was not affected by Sendai virus induc-
tion (data not shown), as expected for a constitutive enhanc-
er-promoter combination. Therefore, the IFN-,BCAT con-
struct was expressed with kinetics similar to that of the
endogenous human IFN-t gene in 293 cells, and once the
promoter was activated, CAT activity accumulated for about
14 h.

Transfected IFN-al promoter is not expressed in the tran-
sient assay. No detectable CAT enzyme activity was ob-
served in SVoa-transfected 293 lysates, either before or after
virus induction (Fig. 3). The influence of the SV40 enhancer
upon the inducibility of the IFN-al regulatory element was
examined relative to similar IFN-p-CAT constructs in 293
cells by subcloning the SV40 enhancer adjacent to the
SVoa-CAT and SV,a-CAT hybrid genes (Fig. 5). After
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FIG 2. Construction of IFN-CAT plasmids. The structures of pSV2CAT, pSV1CAT, and pSVOCAT (15) are illustrated; IFN-p and IFN-al
promoter fragments (illustrated below the SVCAT plasmids) were inserted into SV1CAT and SVOCAT vectors by blunt-end ligation. The
IFN-P EcoRI-TaqI fragment and the IFN-al BamHI-Hinfl fragment from IM1105 were cloned into SVOCAT in both orientations; the same

IFN-P fragment and the IFN-al Bam-Sau 961 fragment were cloned into SV1CAT in both orientations. The NdeI and BamHI sites were used
to insert the SV40 NcoI-PvuII 233-bp fragment at the 5' and 3' ends of the IFN-CAT hybrid genes, respectively. Symbols: _, CAT enzyme

coding sequences; ri, SV40 promoter; 117J , 72-bp repeats. Transcription initiation sites and direction of transcription are indicated by the
arrows on the SV40 or IFN promoter. Bacterial sequences including origin of replication and location of 13-lactamase gene are shown by solid
lines, ori, and AMP respectively. The translation initiation codon for the CAT protein (AUG) is the first initiation codon in the IFN-CAT
hybrid genes.

induction, the SV5+P plasmid converted about five times
more chloramphenicol than SV2CAT did and produced a
54-fold relative induction; SVO-CAT displayed a 57-fold
relative inducibility. Curiously, the construct with the IFN-,B
promoter in the opposite orientation was also 16-fold induc-
ible, although the absolute conversion was about 4-fold
lower than that by SV2CAT. It has not been determined what
makes up the transcriptional start site of this plasmid.
The juxtaposition of the SV40 enhancer fragment and the

IFN-ot regulatory element produced some inducible CAT
activity with the SV5+ota and SV5-ot plasmids (4.5 and 7.0,
respectively), but the percent conversions were four to five
times lower than for SV2CAT. Despite the low level of
inducible IFN-a gene expression, these results indicate that

the SV40 enhancer can complement the IFN-a element to
overcome the block to transcriptional activation in 293 cells.
The choice of 293 cells in the development of a human

transient system to analyze the inducible expression of the
IFN promoter provides the advantage that transfected DNA
is unusually stable in these cells (1) and that IFN-1 is the
predominant species synthesized after virus induction. Anal-
ysis of IFN-P-CAT promoter activation in 293 cells indicates
that the transfected gene is expressed with kinetics similar to
those for the endogenous IFN-P gene. Nonetheless, since
293 cells are transformed by adenoviral DNA and produce
Ela proteins, it is necessary to consider interference with
transfected gene expression by Ela; transfection studies, for
example, have demonstrated that transcription from the
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FIG. 3. Inducible expression of IFN-CAT hybrid genes in 293
cells and the influence of the SV40 enhancer. The illustrated IFN-
CAT hybrid genes were transfected into subconfluent 293 cells by
the calcium phosphate method (16) and, 20 h after transfection,
either mock induced or infected with Sendai virus for 90 min. Cell
lysates were prepared 20 h later, and 170 Fag of protein (Bio-Rad
protein assay) was analyzed in a 60-min CAT enzyme assay (15).
The acetylated products of chloramphenicol were separated by
thin-layer chromatography and visualized by autoradiography. The
percent conversion was measured by counting the total radioactivity
in 1- and 3-acetylchloramphenicol and dividing by the total radioac-
tivity in the lane. Relative induction was determined by dividing
percent conversion in the induced sample by that in the mock
sample. Samples were analyzed in duplicate in two to four separate
experiments. The schematic diagram illustrates the plasmids used in
the experiment, and the adjacent table summarizes the percent
conversion and relative induction. Symbols: -, mock-induced sam-

ples; +, Sendai virus-induced samples; vi, SV40 233-bp en-
hancer. Arrows indicate the relative orientation of the 233-bp
enhancer. The IFN-P and IFN-al promoter fragments are identical
to those in Fig. 2.

SV40 early promoter is repressed by adenovirus Ela pro-
teins (17, 19, 30). In contrast, with this strain of 293 cells it
has been found that SV40 T antigen is efficiently expressed
as determined by indirect immunofluorescence, indicating
that repression of the SV40 early promoter may not be
absolute (J. Hiscott, unpublished data). The combined neg-
ative regulation imposed by the IFN-1 promoter (7), to-
gether with the repression of the SV40 enhancer in the
uninduced state, may contribute to the low background
activity and high inducibility of the SV40-IFN-f enhancer-
promoter combination.
To augment the expression of IFN-CAT hybrid genes, the

SV40 enhancer was juxtaposed with the IFN-0 promoter,
and, in effect, the influence of a strong constitutive enhancer
upon an inducible enhancer was assessed by these experi-
ments. The evidence presented here supports the idea that
negative regulation imposed by the IFN-P promoter in the
uninduced state is dominant over the SV40 constitutive

Time (hours)

FIG. 4. Kinetics of activation of the IFN--CAT hybrid gene.
The SV5+, plasmid was transfected into 293 cells and analyzed for
the accumulation of CAT activity at various times after transfection
and following virus infection. The induction of the endogenous
IFN-P gene (shown in the inset) was analyzed by S1 mapping of total
RNA (100 ,ug) by using the 32P-end-labeled probe described in Fig.
1. The arrow indicates the time of Sendai virus infection (hours after
transfection).

enhancing influence; nonetheless, the SV40 enhancer was
able to modestly increase the basal uninduced level of
expression from the IFN-1 promoter (2- to 10-fold). After
induction by virus, the presence of the SV40 enhancer
increased the absolute and relative induction of CAT expres-
sion, but in an orientation- and position-dependent manner.
Human 293 cells contain the necessary trans-acting fac-

tors to produce inducer-specific activation of the IFN-3
gene; however, the lack of expression of the IFN-a-CAT
hybrid gene indicates that a distinct factor(s) not present in
293 cells is required for activation of a myeloid cell-specific
IFN-al promoter. The IFN-al promoter contains all the
sequence requirements for regulated expression in mouse
fibroblasts (20, 26, 28) and yet is not sufficient for expression
of the extrachromosomal IFN-al promoter in 293 or HeLa
cells. The endogenous IFN-al promoter is also not activated
by Sendai virus induction in these cells, reflecting a funda-
mental difference between the human and murine systems,
in which both IFN-al and IFN-0 are transcriptionally acti-
vated by virus induction. A human transient expression
system will provide a convenient means to examine in vivo
interactions between common regulatory factors required
for transcriptional selectivity, distinct IFN-binding proteins,
and the DNA sequences involved in inducible IFN gene
expression.

We thank B. Howard, J. Hassell, S. Maeda, and C. Weissmann
for kind gifts of pSV2CAT, 293 and HeLa cells, IFN-13X83, and
IM1105 plasmid, respectively. We also thank Francine Busschaert
for typing the manuscript.

This work was supported by grants from the Medical Research
Council of Canada and the Cancer Research Society (Montreal) Inc.
J. H. was the recipient of a Medical Research Council of Canada
Scholarship, and S.X. was the recipient of a Cancer Research
Society studentship.

48

VOL. 7, 1987



MOL. CELL. BIOL.

Plasmid

SV2 CAT

SV, CAT .-m CA

SVO CAT --Ei7/z::I1

SVoP+

svop-
1

sv15P

SVO a+

SV0cx

SV5+a+

SV5 a+

SV +a+

SV1 5cL^

SV15a

FIG. 5 Comparison of IFN-p an
293 cells. The plasmids illustrated a
transfected into 293 cells, and Senc
was analyzed as described in the 1

expressed as percent conversion an
and uninduced duplicate samples.
indicate transcription initiation site
tory region; izii, IFN-al; 7J, SN
containing the enhancer element (ci
SV40 enhancer is indicated by the
IFN-al enhancer element (-131 tc
cated by the stippled box and the a

LITERATUR
1. Alwine, J. 1985. Transient gen

transfected DNA stability and
proteins. Mol. Cell. Biol. 5:103

2. Banerji, J., S. Rusconi, and W.
,-globin gene is enhanced by
Cell 27:299-308.

3. Canaani, D., and P. Berg. 1982.
interferon-pl gene after transdu
rabbit cells. Proc. Natl. Acad.

4. Capon, D. J., H. M. Shepard,
distinct families of human and b
coordinately expressed and e
Mol. Cell. Biol. 5:768-779.

5. Enoch, T., K. Zinn, and T. M
human beta interferon gene r
factor. Mol. Cell. Biol. 6:801-8

6. Fujita, T., S. Ohno, H. Yasui

% Conversion Relative Delimitation and properties of DNA sequences required for the
lnindnduced Induced Inducibiliy regulated expression of human interferon-p gene. Cell 41:489-

496.
5.7 6.2 1.1 7. Goodbourn, S., H. Burstein, and T. Maniatis. 1986. The human

r-interferon gene enhancer is under negative control. Cell 45:
0.2 0.3 1.5 601-610.

8. Gobdbourn, S., K. Zinn, and T. Maniatis. 1985. Human ,3-
0.1 0.1 1.0 interferon gene expression is regulated by an inducible enhancer

element. Cell 41:509-520.
9. Gorman, C. M., L. F. Moffat, and B. H. Howard. 1982.

Recombinant genomes which express chloramphenicol acetyl-
0.6 32.4 54.0 transferase in mammalian cells. Mol. Cell. Biol. 2:1044-1051.

10. Graham, F. L., and A. J. van der Eb. 1973. A new technique for
0.2 11.4 57.0 the assay of infectivity of human adenovirus 5 DNA. Virology

52:456457.
0.1 1.6 16.0 11. Gray, P. W., and D. V. Goeddel. 1982. Structure of the human

immune interferon gene. Nature (London) 298:859-863.
0.2 1.0 5.0 12. Gruss, P., R. Dhar, and G. Khoury. 1981. The SV40 tandem

repeats as an element of the early promoter. Proc. Natl. Acad.
0.2 0.3 1.5 Sci. USA 78:943-947.

13. Hauser, H., G. Gross, W. Bruns, H.-K. Hochkeppel, U. Mayr,
and J. Collins. 1982. Inducibility of human P-interferon genes in
mouse L-cell clones. Nature (London) 297:650-654.

0.1 0.1 1.0 14. Hiscott, J., K. Cantell, and C. Weissmann. 1984. Differential
expression of human interferon genes. Nucleic Acids Res.

0.1 0.1 1.0 12:3727-3746.
15. Kelley, K. A., and P. Pitha. 1985. Characterization of a mouse

0.2 0.9 4.5 interferon gene locus II: differential expression of a-interferon
genes. Nucleic Acids Res. 13:825-839.

0.2 1.4 7.0 16. Kohase, M., D. Henriksen-De Stefano, L. T. May, J. Vilcek, and
P. B. Sehgal. 1986. Induction of interferon by tumor necrosis
factor. Cell 45:659-666.

17. Lebkowski, J. S., S. Clancy, and M. P. Calos. 1985. Simian virus
0.1 0.1 1.0 40 replication in adenovirus-transformed human cells antago-

nizes gene expression. Nature (London) 317:169-171.
0.1 0.1 1.0 18. Lengyel, P. 1982. Biochemistry of interferons and their actions.

Annu. Rev. Biochem. 51:251-282.
0.2 0.5 2.5 19. Lewis, E. D., and J. L. Manley. 1985. Repression of simian virus

40 early transcription by viral DNA replication in human 293
0.2 0.7 3.5 cells. Nature (London) 317:172-175.

20. Mantei, N., and C. Weissmann. 1982. Controlled transcription of
d IFN-otj inducible expression in a human a-interferon gene introduced into mouse L cells.
)n the left side of the figure were Nature (London) 297:128-132.
dai virus-inducible CAT activity 21. McKnight, S., and R. Tjian. 1986. Transcriptional selectivity of
legend to Fig. 3; the results are viral genes in mammalian cells. Cell 46:795-805.
d relative inducibility of induced 22. Moreau, P., R. Hen, B. Wasylyk, R. Everett, M. Gaub, and P.
The arrows above the boxes Chambon. 1981. The SV40 72 base pair repeat has a striking

s. Symbols: _, IFN-P regula- effect on gene expression both in SV40 and other chimeric
140 Ncol-PvuII 233-bp fragment recombinants. Nucleic Acids Res. 9:6047-6067.
=). The relative orientation of 23. Mosca, J. D., and P. Pitha. 1986. Transcriptional and posttran-
location of enhancer box; the scriptional regulation of exogenous human beta interferon in
-73) and orientation are indi- simian cells defective in interferon synthesis. Mol. Cell. Biol.

irrow beneath the box. 6:2279-2283.
24. Nir, U., B. Cohen, L. Chen, and M. Revel. 1984. A human IFN-

,1 gene deleted of promoter sequences upstream from the
tE CITED TATA box controlled post-transcriptionally by ds RNA. Nu-
ie expression control: effects of cleic Acids Res. 12:6979-6993.
trans-activation by viral early 25. Ohno, S., and T. Taniguchi. 1981. Structure of a chromosomal

4-1042. gene for human interferon P. Proc. Natl. Acad. Sci. USA 78:
Schaffner. 1981. Expression of a 5305-5309.
remote SV40 DNA sequences. 26. Ragg, H., and C. Weissmann. 1983. Not more than 117 base

pairs of 5' flanking sequence are required for inducible expres-
Regulated expression of human sion of a human IFN-ot gene. Nature (London) 303:439-442.

iction into cultures of mouse and 27. Raj, N. B. K., and P. Pitha. 1983. Two levels of regulation of
Sci. USA 79:5166-5170. P-interferon gene expression in human cells. Proc. Natl. Acad.
and D. V. Goeddel. 1985. Two Sci. USA 80:3923-3927.
)ovine alpha interferon genes are 28. Ryals, J., P. Dierks, H. Ragg, and C. Weissmann. 1985. A
ncode functional polypeptides. 46-nucleotide promoter segment from an IFN-ot gene renders an

unrelated promoter inducible by virus. Cell 41:497-507.
[aniatis. 1986. Activation of the 29. Stewart, W. E., II 1979. The interferon system. Springer-Verlag,
requires an interferon-inducible New York.
10. 30. Velcich, A., and E. Ziff. 1985. Adenovirus Ela proteins repress
mitsu, and T. Taniguchi. 1985. transcription from the SV40 early promoter. Cell 42:519-526.

3834 NOTES



NOTES 3835

31. Weaver, R., and C. Weissmann. 1979. Mapping of RNA by a

modification of the Berk-Sharp procedure: the 5' termini of 15S
,B-globin mRNA precursor and mature 10S 3-globin mRNA have
identical map coordinates. Nucleic Acids Res. 7:1175-1193.

32. Zawatsky, E. C., A. T. A. Mooren, and J. Trapman. 1985.
Organization, structure and expression of murine interferon
alpha genes. Nucleic Acids Res. 13:791-804.

33. Zinn, K., D. DiMaio, and T. Maniatis. 1983. Identification of two

distinct regulatory regions adjacent to the human ,-interferon
gene. Cell 34:865-879.

34. Zinn, K., and T. Maniatis. 1986. Detection of factors that
interact with the human p-interferon regulatory region in vivo by
DNase I footprinting. Cell 45:611-618.

35. Zinn, K., P. Mellon, M. Ptashne, and T. Maniatis. 1982. Regu-
lated expression of an extrachromosomal human p-interferon
gene in mouse cells. Proc. Natl. Acad. Sci. USA 79:4897-4901.

VOL. 7, 1987


