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DNA-Protein Interactions in Transcription

Structure of DNA-Protein Complexes

000t CRYSTALLOGRAPHY OF THE trp OPERATOR/REPRESSOR SYSTEM:
MOLECULAR FLEXIBILITY IN GENETIC REGULATION, C. L. Lawson, R.-g. Zhang, Z.
Otwinowski, R. Q. Marmorstein, R. W. Schevitz, B. Luisi, A. Joachimiak and P. B. Sigler.
Department of Biochemistry and Molecular Biology, The University of Chicago, 920 East 58th
Street, Chicago, Illinois 60637

Two crystal forms of trp repressor and one of the inactive unliganded aporepressor have
been refined to atomic resolution. Comparison of these structures reveals that the extensive
inter-subunit interface of four intertwined a-helices from each subunit forms a rigid unified
domain that resists tertiary structural changes. This 'central core' is flanked symmetrically by
two flexible 'reading heads' that contain a bihelical motif. Two tryptophan molecules bind
symmetrically to sites each wedged between the core and reading heads and force the reading
heads apart so that they can penetrate successive major grooves of B-DNA. When unliganded,
the reading heads collapse en bloc toward the dyad, diminishing their separation to the point
where they cannot complement the contours of B-DNA. Comparison of the two repressor crystal
structures showed an unexpected degree of flexibility within the reading heads, i.e., the binding
of the corepressor ligand does not create a unique and rigid complementary surface for the
operator, but rather appears designed to allow repressor to adjust to the variable helical
parameters and molecular contours in its 'one dimensional' search for the operator site.

The functional consequences of L-tryptophan binding have been further clarified by the
refined crystal structure of the pseudorepressor, an adduct formed by competing desamino
analogs of L-tryptophan (e.g., indole propanoic acid) that produce a structure that is nearly
isomorphous to repressor but cannot bind DNA. Progress in the high resolution structure
determination of a crystalline trp repressor/operator complex will be discussed.

Zhang, R-g., Joachimiak, A., Lawson, C. L., Schevitz, R. W., Otwinowski, Z. and Sigler, P. B. (1987)
Nature 327, 591.

Lawson, C. L., Zhang, R.-g., Schevitz, R. W., Otwinowski, Z., Joachimiak, A. and Sigler, P. B.
(1987). Proteins (in press).

O 002 STRUCTURES OF KLENOW FRAGMENT COMPLEXED WITH DNA AND 4§ RESOLVASE, Thomas
A. Steltz, Jonathan M. Friedman, Lorena S. Beese, Paul S. Freemont, Mark
R. Sanderson, Graham Hatfull and Nigel F. Grindley, Howard Hughes Medical
Institute at Yale University, New Haven, CT 06511.
High resolution crystal structures of E. colj DNA polymerase I large fragment
(Klenow) co-crystallized with duplex DNA or complexed with single stranded DNA
show four nucleotides of single stranded DNA bound to the 3/-5’ exonuclease
active site. The 3’ terminal nucleotide of DNA binds nearly identically as
AdNMP binds., Two divalent metal ions (which can be Mg**, Mn** or Zn*') interact
with the 5’ phosphate of bound dNMP and are 4.3 A apart. These metal ions are
in a position to interact with the DNA phosphodiester to be cleaved and are
proposed to catalyze the exonuclease reaction by a mechanism that may be
related to mechanisms of other enzymes that catalyze phosphoryl transfer,
including RNA enzymes. The fact that a 3’ terminal mismatched base
destabilizes duplex DNA would favor its: 1. sliding from the duplex binding
polymerase active site, 2. melting, and 3. binding and being excised at the
single stranded DNA binding 3’/-5’ exonuclease active site 30 A away. Large
crystals of a Klenow fragment mutant protein lacking exonuclease activity have
been grown at low ionic strength and neutral pH in the presence of DNA, a dNTP
analog and Mg**. These crystals are trigonal space group P3; with a = b =
112.0 A, ¢ = 138 A.
The structure of the large fragment of 4§ resolvase (a site specific
recombinase) has been derived from a 3 A resolution electron density map. This
structure has implications for the recombination reaction.
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DNA Recognition and Flexibility

0 003 DNA BENDING AND TRANSCRIPTION ACTIVATION BY CAP PROTEIN, Donald M. Crothers, Marc

R. Gartenberg, David C. Straney, Susan B. Straney, and Sandra S. Zinkel, Depart-
ment of Chemistry, Yale University, New Haven, CT. We have studied the sequence require-
ments for protein-induced bending, using the E. coli CAP protein as a model and examining
about 200 mutants of the DNA sequence to which the protein binds. We find that DNA
sequence determinants spanning at least 34 bp modulate the extent of CAP-induced bending
and protein binding affinity, demonstrating that a regulatory domain substantially larger
than the consensus sequence determines the structure and stability of this protein-DNA
complex. Least squares analysis of the data indicates that the results can be accounted
for using a model that attributes bend properties to dinucleotides; models that use mono-
nucleotides, or which consider complementary dinucleotides to be equivalent, are
significantly less satisfactory. Small sequence changes that lead to less favorable
bending parameters in the non-consensus region can decrease the binding affinity by as
much as an order of magnitude, and decrease the angle of the induced bend by up to ~30°.
In regions outside the consensus sequence, bend centers coincide with positions where DNA
grooves face the protein; a quantitative ranking of all 16 dinucleotides reveals the
generalization that A-T rich sequences favor bending and binding where the minor groove
faces the protein, whereas G-C rich sequences do so where the major groove faces the
protein. We find that Pu-Pu dinucleotides are not equivalent to their Py-Py complements,
implying an appreciable tilt component in such cases. This leads to a systematic prefer-
ence for Pu-Pu dinucleotides over Py-Py on the 5' side of a bend toward the minor groove,
with the reverse preference on the 3’ side.

We have studied the fate of the CAP-induced DNA bend during transcription initiation
by using constructs which combine A-tract bends with the lac promoter in variable helical
phasing. Gel electrophoresis separates closed, open and initiated polymerase complexes
which also contain CAP protein. The dependence of relative gel mobility on phasing
between the two bends allows us to characterize the magnitude and direction of the
promoter bend in these complexes. Footprinting studies of ternary complexes resolved by
electrophoresis reveals retention of the characteristic CAP footprint, and shows strong
stabilization of CAP binding by the presence of polymerase in the open complex. This
stabilization effect is lost when half a helical turn of DNA is inserted between poly-
merase and CAP, and partially recovered when the insert is a full helical turn. The
primary effect of CAP on transcription initiation is to accelerate formation of the open
complex, with a smaller effect on stability of the closed complex.

0 004 THE RESOLVASE-res INTERACTION: DISTORTION OF DNA BY A SITE-SPECIFIC RECOMBINASE,
Nigel D.F. Grindley, Graham F. Hatfull, Joseph J. Salvo and Vichien
Rimphanitchayakit, Department of Molecular Biophysics and Biochemistry, Yale University
School of Medicine, New Haven, CT 06510
Bacterial transposons of the Tn3 family encode a conservative site-specific recombination
system that consists of the resolvase protein and its DNA substrate, the res site. The 76
res site is a 120 bp DNA segment which contains three binding sites for resolvase. Each
binding site consists of inverted copies of a conserved 9 bp sequence separated by a spacer
of variable length (10 bp in site I, 16 bp in site II and 7 bp in site III). Binding of
the y§ resolvase to each individual binding site induces a bend in the DNA. In addition,
the DNA between sites I and II in the fully complexed res site is also bent. This inter-
site bending requires the presence of site III and suggests that there is a protein-
mediated connection between sites I and IIT (and/or II) which forms res into a
topologically closed structure.

Recombination occurs at the center of site I. When footprinting a resolvase-site I
complex with the intercalating agent MPE.Fe(II), we observed enhanced cleavage at the
center of site I and proposed that the central dinucleotide (ApT) was distorted (kinked)
with the minor groove opened up and exposed on the outside of the resolvase induced bend
(1). To investigate the sequence requirements of this structural deformation, we have
constructed site I analogues with all possible dinucleotides substituted at the center.
Many mutations significantly reduce the binding of resolvase in vitro; efficient binding
requires that one of the base pairs be wild-type (i.e., 5'-A or 3'-T), and neither of the
5’ positions be T. The data are not compatible with a specific pattern of resolvase-base
pair contacts. Indeed, resolvase binds better to site I if bases of the central
dinucleotide are removed. We suggest that the energy cost of forming the kink at the
center of site I 1is relatively low only for certain dinucleotide combinations. Although
we see normal (wild-type) enhancement of MPE.Fe(II) cleavage with all the dinucleotide
mutants that bind with normal affinity, only the wild-type ApT provides an efficient
recombination substrate. The basis for the recombinational deficiency of the mutants will
be discussed.

1. Hatfull, G.F., S.M. Noble and N.D.F. Grindley (1987) Cell 49, 103-110.
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0 005 THE BENDING OF DNA IN NUCLEOSOMES AND OTHER NUCLEOPROTEIN COMPLEXES, Andrew A.
Travers, William G. Turnell and Sandra C. Satchwell, MRC Laboratory of
Molecular Biology, Hills Road, Cambridge, England.
The sequence dependent conformational flexibility of DNA is a major determinant of
specificity in the formation of protein-DNA complexes. This variation in conformation is
reflected both in the axial flexibility, or bendability, of a DNA sequence and also in its
torsional flexibility.
The precise positioning of nucleosomes on a defined DNA sequence 1s correlated with the
preferred periodic occurrence of certain short sequence elements at particular rotational
orientations (1). An additional constraint which specifies particular translation
positions, is a departure from a regular periodicity in the neighbourhood of the
nucleosome dyad. We conclude that nucleosome positioning is largely determined by
sequence dependent variation in DNA flexibility (2). Analysis of DNA sequences associated
with dinucleosomes further suggests that this same property facilitates the formation of
higher order chromatin structures.
Sequence dependent variation in the external structure of DNA could allow recognition of
specific DNA structures - as opposed to sequences - by proteins, We describe a protein
sequence motif for DNA binding which could interact preferentially with a particular class
of external features of DNA.

(1) satchwell, S.C., Drew, H.R. & Travers, A.A. (1986) J. Mol. Biol. 191, 659-675.
(2) Drew, H.R. & Travers, A.A. (1985) J. Mol. Biol. 186, 773-790.

Prokaryotic Activators and RNA Polymerase
0 006 HOW SIGMA RECOGNIZES DNA, Carol A. Gross, Deborah A. Siegele, James C. Hu

and Deborah W. Cowing University of Wisconsin-Madison 53706.
‘We have systematically assayed the in vive promoter recognition properties of 13 mutations in rpoD, the
gene that encodes the 670 subunit of E. coli RNA polymerase, using transcriptional fusions to 38 mutant
and wild-type promoters. We found three classes of rpoD mutations: 1) Mutations that suggest contacts
between amino acid side chains of 670 and specific bases in the promoter, 2) Mutations that appear to
affect either sequence independent contacts to promoter DNA or isomerization of the polymerase, and 3)
Mutations that have little or no effect on recognition. We suggest that a sequence near the C-terminus of
670, which is similar to the helix-turn-helix DNA binding motif of phage and bacterial DNA binding
proteins, is responsible for recognition of the —35 region, while a sequence internal to 670, in a region
which is highly conserved among & factors, recognizes the 10 region of the promoter.
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O 007 HOW SIGMA FACTORS TOUCH PROMOTERS: GENETIC EVIDENCE FOR AN AMINO
ACID-BASE PAIR CONTACT SITE Peter Zuber, David Daniels, Judy Healy, H.

Luke Carter III, Simon Cutting, Charles P. Moran, Jr., and Richard Losick.

Department of Cellular and Developmental Biology, The Biological

Laboratories, Harvard University, Cambridge, Massachusetts 02138,

Department of Botany and Microbiology, Oklahoma State University,

Stillwater, Oklahoma 74078, Department of Microbiology and Immunology,

Emory University School of Medicine, Atlanta Georgia 30322

We present genetic evidence for a contact site between an amino acid
residue in the NHp-terminal region of high amino acid conservation among
RNA polymerase sigma factors and a base pair in the "-10" region of a
cognate promoter. The product of the sporulation regulatory gene spoOH is
an RNA polymerase sigma factor called o, which governs the transcription
of a B. subtilis sporulation gene known as spoVG. We have found that a
threoinine to isoleucine substitution at residue 100 in o° changes the
specificity of oH-RNA polymerase in such a way as to decrease its capacity
to use the wild-type spoVG promoter while increasing its capacity to use a
mutant form of the promoter. The mutant promoter contains a G:C to A:T
nucleotide subtitution at position -13, which is a strong down mutation for
RNA polymerase containing wild-type o (that is, ofl with threonine at
position 100). We interpret these observations as indicating that amino
acid 100 is the site of contact with base pair -13, such that threoine
contacts the G:C base pair of the wild-type promoter and isoleucine
contacts the A:T base pair of the mutant promoter. In support of this
inference, substitution of threonine at position 100 with an amino acid
residue (alanine) lacking a bulky side chain is found to cause a striking
loss in the specificity of o'-polymerase such that promoters having either
G:C or A:T at position -13 are utilized with similar efficiencies. We
propose that sigma factors contact the -10 region of their cognate
promoters by means of amino acid residues embedded within the NHy-terminal
region of high amino acid conservation.

O 008 ACTIVATORS AND THE EFFECTS OF DNA SUPERCOILING ON TRANSCRIPTION
INITIATION IN E. COLI, William McClure, Michael Schwartz, James Goodrich,
and Xiaoyong Li, Dept. Biol. Sci., Carnegie Mellon Univ., Pittsburgh, PA
15213.
1. The pattern of CAP*cAMP activation at the lac promoter (P1) has been
investigated on a series of supercoiled templates. The templates were
prepared so that the initial superhelical density { )} varied between 0
and -0.08. Control experiments showed that the effective varied during
the kinetic experiments, which were designed to evaluate the contribution
of CAP*cAMP on the rates of open complex formation. When appropriate
corrections were made, we found that DNA supercoiling had its largest
effect on the isomerization step of open complex formation. 2. The
activation of gal Pl by CAP*cAMP was found to be greater than that
recently reported by Herbert et al. (1986) PNAS 83: 2807. We found that
the partitioning of RNA polymerase between gal PT and gal P2 greatly
favors gal P2 in the absence of CAP*CAMP, us, CAP*c is found to
block EEI_PZ occupancy and to increase greatly the promoter strength of
gal P1, The experiments were undertaken originally in order to assess the
effect of gal repressor on transcription initiation at the gal promoters.
3. Closed complexes have been quantified at the Pgrm promoter using
several enzymatic and chemical protection protocols, The patterns of
protection were evaluated under several experimental conditions including
different temperatures and different salt concentrations. The overall
patterns were comparable with those observed for open complexes. The most
important difference was that the extent of protection at any location
depended on the concentration of RNA polymerase, Moreover, a quantitative
treatment showed that the binding constant determined from the extents of
protection agreed well with the Kg value determined for this promoter
using standard kinetic assays (TAU plots) under the same experimental
conditions. Thus, in the scheme shown below, the identity of the closed
complex (RPc) is supported by both functional {activity assays) and
physical (protection assays) evidence.

. NTPs
R+ P RP, % RPy-> > — ... = RNA
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0009 DNA LOOPS AND CONTACTS BY ARA-C PROTEIN, Robert Schleif, Biochemistry
Department, Brandeis University, Waltham, Massachusetts 02254.

AraC protein positively and negatively regulates expression of the
L-arabinose operon araBAD of Escherichia coli and negatively regulates the
araC gene. DNA loops formed by AraC protein bound to two sites separated by
210 base pairs and by 120 base pairs participate in the regulation. One
loop predominates in the absence of arabinose, and a different loop
predominates in the presence of arabinose. Looping the DNA interferes with
activity of a promoter contained within the loop. The shift from one loop
form to the other depends upon the presence or absence of arabinose and the
sequence of the DNA to which AraC protein is bound.

We have adapted the Maxam~Gilbert and "band shift" gel binding assay
technologies to locate specific amino acid-base interactions made by
DNA-binding proteins. Site-specific mutagenesis is first used to change a
residue to glycine or alanine, and then the resulting missing contact, if
any, in the DNA binding site is displayed by the method. This approach
correctly found the contact lost by lambda phage repressor when a lysine was
changed to a glycine. This approach is being applied to AraC protein to
locate the regions of the protein that contact DNA and to probe for
arabinose-dependent effects on its DNA contacts.

Recognition of Eukaryotic Promoter Elements

O 010 PURIFICATION AND PROPERTIES OF RNA POLYMERASE I- SPECIFIC
TRANSCRIPTION FACTORS

Ingrid Grummt, Joachim Clos and Ingrid Bartsch, Institut £ilir

Biochemie, Réntgenring 11, 8700 Wirzburg, FRG

We have investigated the gis-acting elements and trang-acting factors
invelved in initiation and termination of mouse ribosomal gene
transcription.

INITIATION : The specificity of transcription initiation by pol I
is brought about by the interaction of a species-specific DNA-binding
protein (factor TIF-IB) with defined sequences in the core promoter
(from -21 to -16).Interestingly, upstream sequences (between -150 and
-112) strongly affect the binding of TIF-IB to the core.The stable
binding of TIF-IB to the rDNA promoter is the first step in the assem-
bly of transcription initiation complexes. Functional initiation con-
plexes contain in addition to factor TIF-~IB at least another essen-
tial factor (TIF-IC) and a growth - regulated activity, termed TIF-IA.
Analysis of a series of deletion, linker scanning and spacing change
mutants demonstrate that the spatial array of both the core and the
upstream control element is crucial for both the stability of tran-
scription initiation complexes and transcriptional efficiency. We have
purified TIF-IB to apparent molecular homogeneity and show that both
DNA binding and transcriptional activity reside within a ~ 220 kD pro-
tein which appears to bind to DNA as a dimer.

TERMINATION : Termination of mouse rDNA transcription is mediated by
the interaction of a nuclear factor with a conserved sequence element
AGGTCGACCAGI% NTCCG {(the "Sal box") in the 3'terminal spacer.We have
purified the "Sal box" binding protein and show that the 100 kD
polypeptide functions as a transcription termination factor.Although
the 18 bp "Sal box" is sufficient and necessary to stop pol I movement
and to release the nascent RNA from the template, sequences flanking
the box contribute to the accuracy and efficiency of 3'end formation.
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Enhancers

0011 CONSTITUTIVE AND INDUCIBLE TRANSCRIPTIONAL ENHANCERS, P. Chambon, LGME/CNRS and
U.184/INSERM, Faculté de Médecine, 67085-Strasbourg Cédex, France.

I will discuss the work currently performed in our laboratory on the SV40 enhancer and its
cognate trans-acting factors (1-4), and on the inducible enhancer factors which belong to the
nuclear receptor multigene family [oestrogen receptors (5 and refs therein), progesterone
receptors (6 and refs therein), retinoid receptors (7 and refs therein). The observation

that yeast trans-acting transcriptional factors (eq. GAL4, GCN4) stimulate transcription in
HelLa cells from several class B (II) eukaryotic promoters containing the cognate UAS (8 and
refs therein) will be discussed. I will also describe the use of chimeric proteins containing
DNA-binding domains and activating regions coming from either yeast or nuclear receptor
trans-activators in order to characterize the multiple functional domains responsible for the
inducible enhancer activity of nuclear receptors.

1. J.H. Xiao, I. Davidson, M. Macchi, R. Rosales, M. Vigneron, A. Staub and P Chambon. Genes
and Developement (1987) 1, 794-807.
2. J.H. Xiao, I. Davidson, D. Ferrandon, R. Rosales, M. Vigneron, M. Macchi, F. Ruffenach and
P. Chambon. EMBO J. (1987) 6, 3005-3013.
3. Rosales, R., Vigneron, M., Macchi, M., Davidson, I., J.H. Xiao and P. Chambon. EMBO J.
(1987) 6, 3015-3025.
. H. Nomiyama, C. Fromental, J.H. Xiao and P. Chambon. Proc. Natl. Acad. Sci. USA (1987),
in press.
. V. Kumar, S. Green, G. Stack, M. Berry, J.R. Jin and P. Chambon. Cell (1987), in press.
. H. Gronemeyer, B. Turcotte, C. Quirin-Stricker, M.T. Bocquel, M.E. Meyer, Z. Krozowski,
J.M. Jeltsch, T. Lerouge, J.M. Garnier and P. Chambon. EMBO J. (1987), in press.
. M. Petkovich, N. Brand, A. Krust and P.Chambon, Nature (1987), in press.
. N. Webster, J.R. Jin, 5. Green, M. Hollis and P, Chambon. CELL (1988).

o

0~

0012 TRANSACTING FACTORS THAT CONTROL LIVER SPECIFIC GENE, Marta
Blumenfeld*, Silvia Cereghini*, Tanguy Chouard*, Philippe Herbomel¥,
Anna Mottura-Rollier**, Michel Raymondjean*, Marie-0Odile Ott**, Frangois
Tronche*, Mary Weiss** and Moshe Yaniv¥*, Unité des Virus oncogénes* and
Unité de Génétique de la Différenciation**, UA 04-1149 du CNRS, Département
de Biologie Moléculaire, Institut Pasteur, 75724 Paris Cedex 15, France.
In an attempt to understand the mechanisms that govern tissue specific gene
expression, we have analyzed the DNA sequences of the rat albumin gene
required for 1liver specific expression. By deletion and linker scan
analysis, we showed that at least five elements are required for maximal
promoter activity in transfected hepatoma cells: distal elements I, II and
IIT (DEI, DEII and DEIII) located between ~-100 and -160 relative to the cap
site, the CCAAT box homology at ~80 and a proximal element (PE) located at
-60. Deletion of DEIII caused a 2-3 fold decrease in activity, deletion or
replacement of DEII or DEI has a down effect of 7 and 20-fold,
respectively. Finally, replacement by linker of the CCAAT or of the PE
element reduced the activity 50-100 fold. Several of these elements
function as partially tissue specific enhancer when placed upstream or
downstream of the tk promoter.
By DNase I footprinting and gel retardation assays, we identified five
cellular factors interacting with the cis elements defined above. NFI/CTF
is interacting with alb DEII. CBP(EBP) of McKnight et al. interacts with
DEI element. The CCAAT sequences are recognized by a novel CCAAT box
binding factor (ACF), probably identical to factor NFy. Finally, the
proximal element is recognized by a factor present only in hepatocytes. It
recognizes an imperfect palindrome present in several liver specific genes.
In dedifferentiated rat hepatocarcinoma cells that do not express the
albumin gene, APF 1is replaced by a different factor that recognizes the
same purine residues, perhaps being the repressor or extinguishor
previously defined by somatic cell genetics.
Our studies clearly show the existence of a hierarchy in the elements
composing the albumin promoter. The contribution of proximal elements (PE,
CCAAT} is more important than that of distal elements. The most proximal
element seems to be a major component of the tissue specificity.
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Repression and Activation Mechanisms

0013 DNA SEQUENCES INVOLVED IN EXPRESSION AND REGULATION OF DEOR, CYTR AND
cAMP/CRP CONTROLLED GENES IN ESCHERICIA COLI, Poul Valentin-Hansen,
Department of Molecular Biology, Odense University, Denmark.
To increase our knowledge about protein-DNA interaction we have dissected a
set of promoter regions that are regulated by the same components. Specifical-
ly, we have addressed 1) how proteins present in low concentration in the cell
are able to find their specific targets on the chromosome and occupy these
sites efficiently, and 2) how the interplay takes place between regulatory
proteins and RNA polymerase. Our model system consists of genes coding for
proteins involved in up—take and catabolism of ribo- and deoxyribonucleosides.
Transcriptional initiation of these genes is negatively controlled by two
regulatory proteins, the DeoR-and CytR repressors. The promoter regions can be
classified into three groups regulated by a) CytR or b) DeoR alone, or c)} by
both CytR and DeoR.Furthermore,the cAMP/CRP complex is required for activation
of all the CytR controlled transcriptional units. In previous papers we have
described the structure of the deo operon and the long-range interaction be-
tween DeoR regulatory signals (1 ,2 ,3 ). In order to gain insight into the
mechanism by which the CytR repressor functions we have analyzed the deoP2,
cddP and tsxP2 promoter regions. These studies have led to the following con-
conclusions i) Two CRP binding sites are located around bp -45 (CRP1) and -95
(CRP2) in the promoter regions; 1ii) the CRP2 target is not needed for high
expression but is involived in CytR binding; iii) CytR and CRP recognize very
gimilar or identical targets;and iiii) introduction of additional CRP-targets
at specific locations can abolish CytR regulation in an intact promoter and
can reestablish regulation in a deoP2 promoter deleted for CRP2, respectively.
Our results suggest,therefore, that the repressor and the activator are rivals
and that CytR antagonizes CRP activation. This new version of negative regula-
tion, showing a deal of similarity to the cl/cro story of phage A, might well
turn out to be a general way by which all organism can controll gene ex-
pression.

1)Dandanell,G. and Hammer ,K.(1985) EMBO J. 4, 3333-3338

2)Valentin-Hansen,P., Albrechtsen.B.,and Lgve Larsen.J.(1986) EMBO J.5 2015-21

3)Dandanell,G., Valentin-Hansen,P., Lgve Larsen,J.E., and Hammer.K., (1987)
Nature. 325

Induction Mechanisms

Q014 Signal Transduction and Transcriptional Regulation by the Glucocorticoid Receptor.
Paul J. Godowski, Dennis Sakai and Keith R. Yamamoto, Department of Biochemistry
and Biophysics, University of California, San Francisco, CA 94143-0448.
The glucocorticoid receptor protein, upon interaction with ligand, binds with high affinity
to specific DNA sequences. Transcription is enhanced by receptor binding at one class of
glucocorticoid response elements (GREs), whereas it is repressed by the binding of the
receptor to a second class of sequences termed negative GREs (nGREs). A 20bp nGRE from the
prolactin gene contains, in addition to a receptor binding site, an enhancer activity
conferred by binding of a nonreceptor factor. 1In the absence of bound receptor, the nGRE
enhances transcription from linked promoters; this effect is reversed upon hormone addition.
Previous studies defined discrete portions of the 795 aa rat glucocorticoid receptor
required for DNA binding and hormone binding. The hormone binding domain, located at the
C-terminus of the receptor, represses receptor activity prior to ligand binding; deletion
of this domain results in a constitutively active protein. The DNA binding domain, located
between aa 440 and aa 525, is sufficient both for transcriptional activation and for
repression. These activities can be genetically uncoupled. One mutant has been isolated
that remains fully competent for induction but is unable to repress transcription; a second
mutant can repress transcription but is defective for enhancement, even though it retains
GRE binding activity in vitro.
To determine whether additional regions of the receptor may also function directly in
transcriptional regulation, we have fused portions of the receptor to the DNA binding
domain of the bacterial lexA protein. Some of these fusion proteins, when expressed in
mammalian cells, enhance transcription from promoters linked to lex operator sequences.
Interestingly, this activity is still fully hormone-dependent, and deletion of the hormone
binding domain again yields constitutive activators. These studies have identified a
second transcriptional activation domain in the amino terminal portion of the receptor.

86



DNA-Protein Interactions in Transcription

Q015 DNA-BINDING AND TRANSCRIPTIONAL ACTIVATION BY THE YEAST
ACTIVATORS HAP1, HAP2, AND HAP3, Steve Hahn, Jim Olesen, Susan
Forsburg, Karl Pfeifer, Lewis Chodosh and Leonard Guarente,
Massachusetts Institute of Technology, Cambridge, MA 02139.

The yeast CYCl gene (iso-l-cytochrome C) is activated by two distinct
UASs, UASL1 and UAS2. UAS1 is activated by HAPl, which also activates
the CYC7 gene (iso-2-cytochrome ¢) while UAS2 is activated by the
combined action of HAP2 and HAP3, which activates many genes involved in
electron transport. Recent experiments have provided several insights
into the molecular basis of HAPl, HAP2, and HAP3 activation.

1) HAP1l activates by binding to sequences in UAS1l and the CYC7UAS. The
binding sites differ in sequence and HAPl contains overlapping but
distinct DNA binding domains that mediate the recognition.

2) Heme stimulates HAP1l binding to both sites. The heme domain of HAP1
lies just carboxyl to the DNA binding domain and acts by inhibiting DNA-
binding in the absence of heme.

3) HAP2 and HAP3 form a complex in solution which binds to UAS2. The
UAS2 UPl1 site contains a CCAAT box.

4) A factor from Hela cells that binds to the CCAAT box of adenovirus
consists of two polypeptides which are functionally interchangable with
HAP2/HAP3.

0 016 DYNAMICS OF TRANSCRIPTIONAL ACTIVATION AT HEAT SHOCK LOCI,
John T. Lis, Cornell University, lthaca, NY 14853.
A gene's transit from a transcriptionally dormant to a highly active state
requires a large battery of specific molecular interactions and reactions.
The heat shock genes can be induced several hundred-fold within minutes
of a stress stimulus. The initiation of these events is dependent on the
interaction of a protein factor with short stretches of DNA sequence, the
heat shock regulatory elements. We are using the heat shock response as a
model in Drosophila and yeast to investigate the mechanism of gene
activation and the accompanying changes in chromatin structure. Our
efforts have focused on interacting experimental approaches of reverse
genetics (1), photo-crosslinking (2,3), and biochemical purification.
Recent results obtained using these approaches will be presented and the
implications on transcription initiation and elongation, and on the
establishment of a domain of active chromatin will be discussed .

1. Simon J.A. and J.T. Lis (1987) A germline transformation analysis reveals flexibility in the
organization of heat shock consensus elements. Nucleic Acids Res. 7, 2971-2988.

2. Gilmour, D.S., Pflugfelder, G., Wang, J.C., and Lis, J.T. (1986) Topoisomerase I interacts with
transcribed regions in Drosophila cells. Cell 44, 401-407.

3. Gilmour D.S. and J.T. Lis (1986) RNA polymerase interacts with the promoter region of
noninduced hsp70 gene in D. melanogaster cells. Molec. Cell Biol. §, 3984-3989.
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The Structure of Transcribed Chromatin

Q017 DISTRIBUTION PATTERNS OF CHROMOSOMAL PROTEINS RELATED TO GENE ACTIVITY, S.C.R. Elginm,

T.J. Dietz, J.C. Eissenberg*, D.S. Gilmour, T.C. James*, E. Siegfried, G.H. Thomas,
A. van Daal, C. Vagner, Washington University, St. Louis, MO 63130; *St. Louis University
School of Medicine, St. Louis, MO 63104; *Veslyan University, Middletown, CT 06157

Vhether or not a gene is accessible to the activation process is likely to reflect its
packaging into chromatin at several different levels. Using immunofluorescent staining of the
polytene chromosomes of Drosophila, in conjunction with biochemical techniques, we have
identified several distinct patterns of protein-DNA interaction pertinent to the activity
state. ClA9, a protein of ca. 18 kD, is preferentially associated with the heterochromatin,
and may play a specific role in heterochromatin condensation. Several specific antisera,
including one directed against the histone H2A variant hvl of Tetrahymena, stain a subset of
the euchromatic loci, indicating an association of the antigen with loci activated under
developmental control, regardless of the transcriptional state. (A gene encoding the
Drosophila H2A variant has been cloned and mapped to locus 97CD.) In contrast, antibody
staining indicates that RNA polymerase and topoisomerase I are prominently associated with a
gene only when it is being actively transcribed (1). Using an inhibitor, camptothecin, we
have shown that high levels of topoisomerase I are found over the regions of transcription of
the heat shock genes (but not in the spacers) on both strands of the DNA. This coincides with
the regions of perturbation of the nucleosome pattern following heat shock gene activation
(2), suggesting that topoisomerase I might play a role in "unpackaging" the chromatin fiber.

Active/inducible genes are characterized by the presence of DNase I hypersensitive sites
at or near the 5’ end. In the case of the inactive but inducible Drosophila heat shock genes,
the regulatory heat shock consensus sequences (HSCS’s) are observed to lie within these open
regions (2). High resolution mapping of hsg 26 using the indirect end-labelling technique has
demonstrated that TATA-box binding protein is present prior to heat shock; following heat
shock, a new footprint is detected over the two HSCS’s centered at positions -60 and -343. A
large region (150 bp) of protected DNA characterized by 10 bp periodic DNase I cleavage sites
lies between the two HSCS's, suggesting the presence of a nucleosome. We suggest that the
binding of the TATA-box factor and of a specifically positioned nucleosome generates the DNase
I hypersensitive sites, leaving the HSCS’s accessible; the folding of the DNA by the
nucleosome will bring these sites into proximity, perhaps facilitating gene activation.

1. Fleischmann et al., 1984, Proc. Natl. Acad. Sci. USA 81, 6958-62.
2. Cartwright and Elgin, 1986, Molec. Cell Biol. 6, 779=791.

0018 INTERACTION OF THE E. COLI HU PROTEIN WITH DNA AND WITH THE E. COLI
NUCLEQCID, David E. Pettijohn, Steven S. Broyles, Yvonne Hodges-
Garcia, and Vern L. Shellman, Dept. of Biochemistry, Biophysics/Genetics,
Univ. of Colorado Health Sciences Center, Denver, CO 80262.
Our previous studies of the HU-DNA complex have indicated that the bound DNA
is restrained in negative DNA supercoils and that the DNA in this complex is
cleaved by several different nucleases at a periodicity of 8.5 bases. One
interpretation of the cleavage pattern is that the DNA helix is overwound to
a helical repeat of 8.5 bp per turn. In this case the combined effects of
HU on DNA twist and writhe would lead to much tighter DNA supercoiling than
indicated from studies of DNA linking number alone. To test this
possibility current studies are examining the HU-induced compaction of
defined DNA fragments (in collaboration with P. Hagerman using birefringence
rotational relaxation) and are also defining in more detail the restraint of
negative DNA supercoils by HU using a cruciform transition assay. The
latter studies show that the transition of a lac-operon inverted repeat DNA
sequence from linear to cruciform in plasmid pocel2Z normally occurs at a
median linking number deficit of Ao = -0.050, while it occurs at a value
more negative by Ao =0.032 when HU is bound at saturation (one HU dimer per
30 bp DNA). If this change is due exclusively to the restraint of negative
torsional tension by the HU, the change is consistent with the previously
proposed estimates of DNA supercoiling by HU.

In further experiments we are attempting to define the distribution of
HU protein in living K. coli cells by examining via fluorescent microscopy
the distribution in vivo of fluorescene labeled HU or fluorescene labelled
anti~HU antibodies. The labelled HU is active in supercoiling DNA in vitre
and can be introduced into living bacterial cells permeabilized by EDTA. The
distribution of the added HU inferred from the fluorescence images is
primarily into the bacterial nucleoid, but in an non-uniform manner favoring
selected sites within the chromosome.
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O 019 TRANSCRIPTION-DEPENCENT DNA SUPERCOILING IN YEFAST DNA TCPOISCMERASE MUTENTS
Steven J, Brill ard Rolf Sternglanz, SUNY, Stony Brook, NY 11794
Yeast strains with mutations in the genes for DNA topoisamerases I and II have been
identified previously by us and by others. The topoisomerase IT mutants (top2) are
conditianal-lethal temperature-sensitive mitants while the topoisarerase I mutants (topl)
are viable and exhibit no significant growth defects. We report here the identification
ofamvelmAs.peloolhxgacxlwtycbsexvablemilmn:antsardt 1-top2 dauble
nutants. Plasmids carrying transcriptionally active genes are found to be extremely
negatively supercoiled when isolated fram these mitant strains. In contrast, the same
plasmids isolated from Top' cells have nomal supertelicity, as do transcriptionally
inactive plasmids such as the 2-micron circle isolated from mitant cells. Supercoiling of
the plasmid takes place in the complete absense of topoisarerase I and is agparently not
dependent on topoisaerase IT since it can coour at the non-permissive tenperature in a
topl-top?2 mitant, well after the inactivation of topoisamerase IT relaxation activity. In
fact, it is under these conditions that the supercoiling activity is most readily seen.
whether this activity is due to an uwusual fonnoftopommerase II that is not heat
labile in a top2-1 tenperature-sensitive mitant or whether it is really due to a new
enzynehasyettobecbtenmred Severallmesofeudmoe&ggestthattbesxperoollmg
evert is not related to transcriptional activation: 1) it requires fimctional R®
polynerase II, 2) it is coincident with RR acammilation, and 3} the degree of
superooiling is related to transcript length. These results suggest that this
topoisamerase activity operates during transcriptional elangation. A model will be
discussed which considers the role of topoisamerase I ard the new topoisarerase in the
movarent of RNA polymerase alang the INA template.

0 020 CHROMATIN ASSEMBLY IN VITRO, Akiko Shimamura, David Tremethick and Abraham
Worcel, Department of Biology, University of Rochester, Rochester, New York 14627

We have scaled up the chromatin assembly reaction catalyzed by the high speed
supernatant of Xenopus oocytes (oocyte S-150, Glikin, Ruberti and Worcel, Cell 37, 33-41,
1984). The new protocols, which will be described, incorporate an ATP generating system that
maintains a constant ATP concentration throughout the incubation. Under these conditions, the
assembly is quantitative and it can also be performed in large volumes, which greatly facilitates
the analysis by eliminating the requirement for 32P-tagged DNA circles (Shimamura, Jessee
and Worcel, Methods in Enzymology, 1987, in press).

We have followed the changes in DNA supercoiling, transcription, and chromatin structure,
on a 5S RNA gene plasmid assembled into chromatin in this in vitro system. Under conditions
of protein excess, formation of nucleosomat chromatin correlates with repression of 58S RNA
transcription. 53 RNA transcription is observed at early times of chromatin assembly, before the
nascent chromatin matures into nucleosomal chromatin. At these early stages of assembly the
minichromosomes display a disrupted nucleosomal structure that is sensitive to MNase. In
contrast, the transcriptionally inactive, mature minichromosomes are more resistant to MNase
digestion and they display conventional nucleosomes regularly spaced at 170-190 bp intervals.

The scaled up preparation of chromatin has also allowed the purification of chemical

amounts of in vitro assembled chromatin for the analysis of the proteins that are associated with
the minichromosomes. Results of such studies will also be presented.
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Poster Session 1

0 100 THE INTERACTION OF 434 REPRESSOR WITH DNA, A.K.Aggarwal,
D.Rodgers, M.Drottar, J.E.Anderson, M.Ptashne and S.C.garrison, Howard
Hughes Medical Institute and Harvard University, Cambridge, MA 02138.

X-ray crystallography can reveal atomic details of protein-DNA
interactions. Anderson et al(l) determined the structure of a complex
between the DNA binding domain of 434 repressor(R1-69) and a 14 Dbase
pair synthetic operator("l4mer"). The structure confirmed proposqls
for the interaction of a helix-turn-helix motif with the DNA major
groove and demonstrated the importance of the way protein docks with
DNA backbone. Anderson et al presented a scheme for these sequence
specific and non-sequence specific contacts. To obtain more accurate
and more detailed structural information, two further R1-69/DNA
complexes have been crystallised. One incorporates a l4mer with a
permuted sequence. It shows an altered protein dimer interaction,
corresponding to an extra effective twist of 24 degrees. A model
based on data to 3 A is currently being refined. The other new
crystals contain a 20 base DNA segment with the authentic OR1l sequence
and l-base 5’ overhangs. Two forms (space groups P21 and P212121) are
found. They diffract to 2.5 A. We anticipate presenting a model
based on these higher resolution crystals.

1) Anderson,J.E.,Ptashne,M. and Harrison,S.C. (1987) Nature 326,
846-852

O 101 Adenovirus Infection Alters Transcription Factor MLTF-UAS DNA Interactioms.
R, Albin and S.J, Flint, Dept. of Molecular Biology, Princeton University,
Princeton, N.J. 08544

To understand the mechanism by which the adenovirus 289R ElA proteins transactivate trans-
cription we have examined the interactions of cellular transcription factors with DNA
control elements of the Ad2 mLP, Nuclear extracts prepared from cells harvested 8-9 hrs
after Ad5 infection transcribe mL RNA in vitro 7-10 fold more actively than extracts pre-
pared from uninfected cells, and this transcriptional stimulatory activity is dependent on
both the synthesis and quantity of the viral 289R ElA proteins., Efficient transcription
from the mL promoter in vitro requires at least two cellular factors, factor TFIID that
interacts with sequences centered at the TATA box, and MLTF that recognizes the UAS ele-
ment (-66 to -50). Extracts prepared from infected cells stimulated the specific binding
of factor MLTF to its target sequence. Kinetic analyses established that the stimulation
of MLTF binding was due to an acceleration in the rate of formation of MLTF-UAS DNA com~
plexes in extracts of infected cells, and that the more rapid rate of MLTF-UAS DNA complex
formation was not the result of a virus-induced increase in the concentration of this fac-
tor. Moreover, chromatographic separation of the ElA proteins from MLTF showed that the
accelerated rate of MLTF binding in infected cells is dependent on the presence of ElA pro-
tein . in the reaction mix. These analyses suggest a mechanism in which the 289R ElA pro-
teins stimulate mL transcription by altering the kinetic pathway of MLTF binding due to
direct interaction with MLTF, UAS DNA, or both.

O 102 SIMIAN VIRUS 40 LARGE T ANTIGEN MEDIATES TRANS-ACTIVATION INDIRECTLY THROUGH
ALTERATIONS IN THE DNA BINDING CHARACTERISTICS AND BINDING STABILITY OF SIMIAN
TRANSCRIPTION FACTORS, James C. Alwine, Gregory Gallo, Gwen Gilinger and Joe
Manuppello. Dept. of Micro., Univ. of Pennsylvania, Phila., PA 19104-6076.

The late promoter of simian virus 40 is transcriptionally activated, in trans, by large T

antigen, the viral early gene product. Data suggest that T antigen's trans-activation

function does not require direct interaction with DNA, We demonstrate that late promoter
elements (omega, tau and delta), necessary for T antigen mediated trans-activation, are
binding sites for simian cellular factors, Two of the late promoter elements (omega and
tau) bind the same factor or family of factors. These factors bind to a site similar to
the Hela factor APl, We refer to these factors as the simian APl sequence recognition
proteins (sAP1-SRPs). Compared to normal simian CV-1P cells, the sAP1-SRPs from T antigen
producing COS cells, or from 14 hour SV40-infected CV-1P cells, show altered binding
patterns to both the omega and tau binding sites. The sAP1-5RPs from T antigen containing
cells bind to the tau site more stably compared to analogous CV-1P factors. Overall, the
data show: 1) that the activatable late promoter elements contain binding sites for simian
cellular DNA binding proteins; 2) that the presence of T antigen causes alterations in the
binding characteristics of specific simian cellular DNA binding factors; 3) that factors
which bind to the late promoter elements have altered and more stable binding
characteristics in the presence of T antigen. These points suggest that T antigen mediates
trans—activation indirectly through the alteration of binding of at least one specific
simian cellular factor, sAP1-SRP, or through the induction of a family of sAP1-SRP factors.,
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0O 103 MECHANISMS INVOLVED IN THE REGULATION OF EUKARYOTIC rDNA TRANSCRIPTION : EFFECTS OF
bFGF, frangois Amalric, Véronique Baldin, Pascale Belenguer, Gérard Bouche, M.
Cajzergues-Fferrer, Hervé Prats* and Jean-Pierre Tauber*, Centre de Recherche de Biochimie et
de Génétique Cellulaires du C.N.R.S. and *Unité INSERM 168, Toulouse France.
Four classes of proteins have been shown to be involved in the transcription of rDNA : RNA
polymerase I, polymerase I specific transcription factors, topoisomerase I and nucleolin. To
investigate the regulation process of rDNA transcription, we have developed a cell system in
which a growth factor regulates cell growth, cell differenciation and rDNA transcription.
Basic Fibroblast Growth Factor (bFGF) strongly controls the growth of primary culture of
Adult Bovine Aortic Endothetial (ABAE) cells. We have shown that following the addition of
bFGF alone, G1 resting sparse cells undergo the G1=—#S transition and the transcription of
ribosomal genes is stimulated. Moreover, the addition of bFGF to nuclei isolated from these
sparse resting cells increases in vitro the transcription of rDNA genes and induces the
phosphorylation of a set of nuclear proteins and among them nucleolin. We have shown that a
protein kinase NII that is localized in the nucleolus plays a key role in the control of
rDNA transcription. In vitro, it used as substrates, nucleolin, topoisomerase I and trans-—
cription factors or/and RNA polymerase I. We postulate that bFGF could act on rRNA synthesis
through the activation of a protein kinase involved in the phosphorylation of most of the
factors implicated in the transcription or ribosomal genes.
To valid these in vitro results, we had to demonstrate that bFGF was present in vivo in the
nucleolus of sparse ABAE cells. This was shown by immunocytochemistry using a monospecific
potyclonal serum raised against bFGF or adding jodinated bFGF to the medium culture.

O 104 MULTIPLE TRANS-ACTING REGULATORS OF HO GENE EXPRESSION IN YEAST. Brenda Andrews,
Warren Kruger and Ira Herskowitz. UCSF, San Francisco CA 94143-0448.

The HO gene encodes a site-specific endonuclease which cuts the mating-type locus at a
defined site to initiate the process of mating-type switching. Expression of the HO gene
is subject to a number of controls mediated by a 1400 basepair upstream regulatory region.
HO is expressed in mothers but not in daughters {cell lineage contrel) and is transcribed
during tate Gl {cell cycle control). Transcription of the HO gene requires activators
encoded by the SWI genes. In addition, a number of suppressors of swi-mutants (SIN genes)
have been isolated. The SIN genes may encode repressors of HO. —

We have been defining thase SWI and SIN genes which have sifés of action within the region
of the HO promoter that is fecessary Tor cell-cycle control {URS2 or upstream regulatory
region 2. It is clear from previous work that two of the SWI activators, SWI4 and SWI6,
must act via repeated sequences {consensus CACGAAAA) within URS2 to mediaté cell-cycTe
control (Breeden and Nasmyth, Cell 48, 389). By assaying segments of the HO promoter in a
plasmid assay system, we have obfained evidence that SWI1 and SINl1 iFe involved in
negative regulation within the URS2 region. We suggest that SWI1 and SIN1 act to silence
the URS2 region for most of the cell cycle. We are testing ERis hypothesis using probes
for the various regulators in the pathway. In addition, we are combining probes from the
URS2 region with extracts from mutant and wild-type strains in a gel binding assay to
obtain direct evidence for the involvement of SWI and SIN regulators in interactions with
the HO promoter. - -

0105 FACTOR(S) RECOGNIZING THE RAT SOMATOSTATIN PROMOTER,

Ourania Andrisani, David Pot, Zhu Zheng and Jack Dixon, Purdue
University, Department of Biochemistry, West Lafayette, IN 47907,

We have identified three sequence specific DNA-protein complexes
which are formed after in vitro binding to nuclear CA-77 or Hela extracts with
the -70 to -29 region of the somatostatin promoter. The binding site includes
the TGACGTCA module which is also present in cAMP-responsive and El1A inducible
promoters. Deletions disrupting the TGACGTCA module disrupt complex formation
in vitro and expression in vivo, suggesting that one of these complexes is
involved in the activation of transcription of the somatostatin gene. The
protein binding activities responsible for the formation of each of the three
complexes have been fractionated from rat brain whole cell extract by DEAE
Sepharose chromatography.

In order to evaluate the role of each of the three complexes, we are
carrying out in vitro transcription assays. The results of the in vitro
transcription assays will be presented.

We are also investigating the affect of single point mutations within
the TGACGTCA module. We have obtained a set of point mutations and by in
vitro competition experiments we show that the most critical residues are
located within the center of the TGACGTCA module. The in vivo affect of these
point mutants on the expression of the somatostatin promoter will be
presented.
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O 106 THE JUN ONCOPROTEIN IS A SEQUENCE-SPECIFIC TRANS-ACTIVATOR SIMILAR OR IDENTICAL TO
TRANSCRIPTION FACTOR AP1, Peter Angel, Elizabeth Allegretto, Steve Okino, Kazue
Hattori and Michael Karin, Dept. of Pharm. M-036, UCSD, La Jolla, CA 92093
The mammalian transcription factor AP1 has been shown to bind to specific sites in the regu-
latory region of different genes and activate their transcription. In vivo the AP1 binding
site acts as a phorbol ester inducible enhancer element (TRE) and treatment of cells with the
tumor promoter TPA leads to a rapid increase in APl binding activity. These results place AP1
at the receiving end of a complex pathway responsible for transmitting the effects of TPA
acting at the plasma membrane to the transcriptional machinery. Interestingly the yeast
transcriptional activator GCN4 recognizes a sequence which is highly similar to the recog-
nition site of AP1. Accordingly the ideal GCNh site is an efficient competitor for binding of
AP1 to the TREs of TPA inducible genes. The DNA binding domain of GCN4 shows significant
homology to a region of vjun, an oncogene product located in the nucleus, which was recently
isolated from avian sarcoma virus 17. We used synthetic oligodeoxynucleotides derived from the
putative DNA binding region of vjun to isolate the cDNA of the human cjun. Footprinting experi-
ments demonstrate that the proteins encoded by the avian vjun and human cjun, expressed in
E. coli, are sequence specific DNA binding proteins recognizing the same sequences as APl. In
addition, purified APt is recognized by two different anti-jun antisera. Overexpression of
vjun in mammalian cells lTeads to up to a 100-fold enhanced expression of a cotransfected re-
porter gene driven by promoters which contain AP1 sites. Deletion of the APl sites leads to a
considerable decrease in trans-activation. These experiments show that a nuclear acting onco-
gene product is able to trans-activate genes in an AP! dependent manner.

0 107 SEQUENCE AND FACTOR COMPONENTS OF DIHYDROFOLATE REDUCTASE GENE
TRANSCRIPTION IN METHOTREXATE RESISTANT CHINESE HAMSTER OVARY
CELLS., Jane C. Azizkhan, Michael C. Blake, Andrew G. Swick, and Jeanne W.
Kahn, Lineberger Cancer Reesearch Center and the Departments of Pediatrics
and Pharmacology, University of North Carolina, Chapel Hill, NC 27599-7295.
includes 2 Spl binding sites 5’ to the start of transcription.
Transcription of a template that contains 2 additionsl sites further 5’ to
the gene is not different from that of the minimal promoter. Gel
retardation and DNasel footprinting studies reveal a complex pattern of
protein DNA interactions in the 8@ bp region from -100 to -1806. The gel
retardation and DNAsel footprinting pattern obtained with Hele cell or
methotrexate resistant CHO celle is the same. Tranacription in vitro of the
DHFR template is approximately one half that from the adenovirus major late
promoter in an nuclear extract from Hela or methotrexate resistant CHO
cells. In vitro mutagenesis experiments are undervay to further define the

factors that specifically stimulate DHFR gene transcription have been
partially purified.

0 108 CHARACTERIZATION OF THE UPSTREAM ENHANCER ELEMENTS OF THE RAT
AND MOUSE ALBUMIN GENES, R. S. Herbst, N. Friedman, H. Isom, J. E. Darnell Jr.,
L. E. Babiss, Rockefeller University, New York, NY 10021.

We have previously analyzed the DNA-protein interactions which occur in the promoter proximal
region {-300 to -50) of the rat albumin promoter that confer tissue specific transcription (Babiss et al.,
Genes and Development 1: 256-267). Using an adenovirus vector system and an SV40-transformed
rat hepatocyte cell line, SV1, we have now identified DNA sequences which are responsible for
maintaining the high rate of transcription from the rat and mouse albumin promoters. These
sequences are focated at -2.8kb for the rat albumin gene and -9.5kb for the mouse albumin gene,
relative to the known start sites for albumin transcription. These enhancers do not appear to be related
by sequence comparison, but both increase the rate of transcription and mRNA accumulation by 3-4
fold . Using gel retardation, exo 1ll stop and DMS protection assays, we have identified at least 3 sites
of DNA-protein interactions that appear to be tissue specific and developmentally regulated. One of
the regions may interact with the ubiquitous protein NF1 since it is competed by a segment of DNA that
is promoter proximal to the albumin gene cap site and known to interact with this protein. Additional
DNA sequences have been identified which may also be responsible for the maintenance of tissue-
specific expression of the endogenous albumin gene. When compared to the liver-specific genes
alpha-1-antitrypsin and transthyretin, at least one region for both the mouse and rat albumin
enhancers may utilize a shared AP-3 like liver specific factor. To begin to understand the complex
DNA-protein interactions that lead to the formation of stable transcription complexes, we have begun
to analyze the transcription of several liver-specific promoters in vitro. While no evidence for enhancer
activity has been observed in our standard transcription system, we have begun to use histone
assembled templates and fractionated liver extracts as a means of scoring enhancer function.
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0109 PHOTOAFFINITY LABELING OF RNA POLYMERASE IIT TRANSCRIPTION
COMPLEXES, Blaine Bartholomew, Claude F. Meares, and Michael E. Dahmus,
University of California, Davis 95616.

The proteins contacting nascent RNA transcripts in RNA polymerase IIT transcription
complexes have been examined using photoaffinjty labeling techniques. The photoaffinity
analog 4-5-UTP was incorporated along with a-7“P CTP into VAI tramscripts using a
phosphocellulose fractionated Hela §-100 extract and the adenovirus VAI gene cloned into
pBR322 plasmid. The labeled photoreactive nascent RNA was crosslinked to proximal
proteins in the transcription complex and then RNase T1 treated to reduce the size of the
RNA crosslinked to the protein subunits. The proteins were resolved by SDS-PAGE and
analyzed by autoradiography.

Two large proteins were specifically photoaffinity labeled. Labeling was dependent
on irradiation, 4-S-UTP, exogenous DNA template, and inhibited by 200 pg/ml «-amanitin.
Photoaffinity labeled transcription factor IIIC was then separated from other components
by it binding stability to DNA in 1 M KCl. Two large subunits of IIIC (Mr ~138 kDa and
~155 kDa) appeared to contact nascent RNA transcripts. Analysis of samples by
phosphocellulose chromatography using a linear KCl salt gradient indicates that factor
I11B may also be photoaffinity labeled.

O 110 SEQUENCES AND FACTORS INVOLVED IN TRANSCRIPTION TERMINATION BY POLI
Ingrid Bartsch,Anne Kuhn,Christa Schoneberg,Margarete Hannappel and
Ingrid Grummt,Inst. fdr Biochemie, Rdntgenring 11,8700 Wirzburg,FRG.

An 18 bp conserved seguence AGGTCGACCAG?ZNTCCG {the "Sal box"}, present
8 times in the mouse 3'NTS, functions as transcription terminator for
pol I. This motif is recognized by a specific DNA-binding protein, which
functions as a transcription termination factor. We have purified this
pol I-specific termination factor by chromatography on three conventio-
nal columns followed by specific affinity columns. The purified protein
has a molecular weight of $5 # 5 kD and contains both the specific DNA-
pinding activity and the capacity to terminate rDNA transcription.
Limited proteolytic treatment of this protein yields a resistant core
which is still able to specifically bind the "Sal box". However, the
ability of the factor to mediate transcription termination is lost after
protease treatment indicating that the DNA-binding and the functional
domain can be physically separated. The binding of this factor to the
"Sal box" is essential but not sufficient for the efficient formation of
authentic 3'ends. The sequences immediately 3'to the "Sal box" contri-
bute to the efficienty of the termination reaction, whereas the accuracy
of 3'end formation is mediated by 5'flanking sequences. There are at
least two different nuclear factors which specifically bind to the DNA
sequences upstream and downstream of the "Sal box".

O 111 PLASMID STABILITY INDUCED BY PROMOTER ACTIVITIES TO PSC101
DERIVATIVES LACKING THE PAR LOCUS ; Serge L. Beaucage and Stanley N. Cohen
Stanford University School of Medicine, Stanford, CA 94305.

The plasmid pSC101 encodes a genetic determinant termed partition or par that accomplishes
stable inheritance of the plasmid in a population of dividing cells. Several partition related (PR)
segments within the par region appear to be involved in the process. The role of the PR segments
has been investigated by site-directed mutagenesis and a functional analysis of the requirements
for plasmid stability has been initiated. In the absence of the par region, the stability of pSC101
derivatives can be restored in cis by the transcriptional activity of certain promoters. The
relevance of the orientation and location of these transcriptional elements to plasmid stabilization
is presented along with preliminary results suggesting that a mechanism by which these
promoters stabilize par-deleted pSC101 derivatives is dependant on plasmid superhelicity. The
potential relationship between transcription initiation and plasmid copy number has been
evaluated for plasmids lacking the par region. Unlike promoter-stabilized pSC101 derivatives, the
stability and superhelicity of pSC101 derivatives harboring the par locus are not altered under
limiting amounts of gyrase in vivo. A model involving DNA supercoiling and the stability of
pSC101 derivatives is proposed.
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0112 OPERATOR SPECIFICITY OF DOMINANT-NEGATIVE MUTANTS OF LAC REPRESSOR, Joan L. Betz
and Majilinde Z. Fall, University of Colorado Medical School, Denver, CO 80262.

The specific binding of dominant-negative (I-4) lactose (lac) repressors to wild-type as
well as mutant (O<) lac operators has been examined to explore the sequence-specific
interaction of the lac repressor with its target. Twenty-two lacl-9 genes encoding
substitutions in the amino-terminal 60 amino acids were cloned in a derivative of plasmid
pBR322. The mutant repressors were examined for polypeptide size and stability, and for
binding to the inducer isopropyl-g-D-thiogalactoside (IPTG). Several of the I-9 repressors
were shown to be partially degraded in vivo, and all bound IPTG with approximately the
wild-type affinity. The mutant repressors’ affinities for wild-type operator ranged from
<1 to about 5% of wild-type repressor’s affinity, and with only a few exceptions, showed
no particular specificities for any of the single site O¢ operators tested.

Site-directed mutagenesis is being used to investigate the importance of amino acid
residues 17-25, the presumed ’recognition helix’ making site-specific contacts with the
operator. A synthetic 'doped’ oligonucleotide (containing 91% of the correct base and 3%
of each of the other bases at the positions in lacl encoding amino acid residues 17 to 25)
was hybridized to lacI-M13 single strand phage DNA. Following infection of an appropriate
host strain, lacI-4 mutant phages were detected as blue rather than white plaques on XGal
indicator plates. A number of novel substitutions have been identified and examined for
their binding to wild-type and O¢ lac operators.

0113 ?%YTI{E dROLl(‘.': %F foUCIﬁEOSOMS{.. HIggO?E AC%]g‘IY‘Lfg‘llé)%‘JGIN MODUILA'I:'LING GENE STRUCTURE AND ACTIV-
idia C.Boffa,Maria Rita Mariani enova, Italy;Janice Walker i .

All’frey,Rockefelfer University,New YorK,NY 10021. v & Vincent G
We are studying how the structure of nucleosomes is altered during transcription on the assump-
tion that changes depend, at least in part,on the post-synthetic modification of DNA-binding
roteins.Recent developments provide evidence that the nucleosomes unfold during transcription.
ghis change in topology can be monitored by availability of the SH-group of histone H3 to Hg-affinity
chromatography.An important question is whether nucleosomal unfolding is coupled closelv to
RNA transcription.To investigate this problem we have studied the effects of RNA svnthetic in-
hibition by g-amanitin on permeabilized Hela cells. Comparison of nucleosomes from control cells
and those exposed to the inhibitor showed that the retention on Hg-column was unchanged at 20'but
§reatly deminished following 40'incubation of the treated cells.These data su;gest a fearly
ong recoiling time.RNA synthesis was inhibited by 50Zwithin 20' and 80% in 407, as judged by the
incorporation of 3H-5'-UTP. We also cheked if the timing of nucleosomal recompaction,following
inhibition of RNA synthesis ,can be related to post-synthetic modification of histones.We have
therefore tested the effects of Na-butyrate(an inhibitor of histone deacetylation)on nucleo-
somes exposed to @ -amanitin:they appeared to be stabilized in the unfolded confomation.This
result strongly imply that the open configuration of nucleosomes depend to some extent onthe
level of acetylation of the histone component. The question then arises to whether hyperacetyl-
ation is a sufficient condition for unfolding of the nucleosomal core.Since HelLa cells = ex-
posed to hiih level of butyrate, which generate a high percentage of multiacetylated forms
of H3 and H4, showed no encrease in the proportion o% nucleosomes binding to the Hg-column
as compared to control preparations, we concluded that acetylation " per se " seams to be a
prerequisite but can not fully account of changes in nucleosomes structure.

Supported by NATO 83/0943

O 114 PHYSICAL AND FUNCTIONAL STUDIES OF THE ENHANCER STIMULATING E2 PROTEINS OF PAPILLOMA-
VIRUSES. Thomas R. Broker, Hirohiko Hirochika, Rel Hirochika and Louise T. Chow.
Blochemistry Dept., University of Rochester School of Medicine, Rochester, N.Y. 14642

The transcriptional enhancer sequences of the papillomaviruses are regulated by trans-acting
factors encoded by the viral E2 open reading frame. Using the chloramphenicol actyl-
transferase (CAT) assay in transiently transfected monkey CV-1 cells, the enhancer of human
papillomavirus type 11 (HPV-11) has been 1localized to a 270 base pair tract immediately
preceding the E6 ORF. It consists of two functional components. The first is a constitutive
enhancer containing a number of different sequences homologous to the recognition motifs of
cellular transcription factors. The second domain, E2-RS, 1s an 1inducible enhancer with
several copies of a consensus sequence ACCN,GGT responsive to the E2 protein. Tandem copies
of portions of the constitutive domain function as an E2-independent enhancer, whereas
multiple copies of a synthetic oligonucleotide containing E2-RS is necessary and sufficient
for transcriptional activation by the E2 protein encoded by HPV-1, HPV-11 or bovine
papillomavirus type 1. We have also expressed all three E2 proteins in Escherichia coli.
Filter-binding analyses with crude E. coli lysates show that the E2 proteins bind to the E2-
RS with an affinity proportional to the copy number, but do not bind to mutated motifs. The
E2 proteins purified by DNA affinity chromatography protect a DNA segment containing the E2-
RS in pancreatic DNase I footprinting analyses. We conclude that E2 proteins activate the
enhancer by binding directly to the E2-RS and interacting with other transcriptional factors.
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0 115 SUG1, A NEW TRANSCRIPTIONAL FACTOR?, Jacqueline Bromberg, Genetics Curriculum,
Univ. North Carolina, Chapel Hill, NC. and Stephen Johnston. Dept. of Botany, Duke
Univ., Durham, NC.
We have cloned a suppressor of a defective GAL4 Erotein. The yeast GAL4 protein is a
positive acting transcriptional factor. Its 7n? finger containing amino terminus binds to
a DNA consensus sequence UAS; while the acidic carboxyl end is required to activate
transcription. We engineered an altered GAL4 protein, gal4-62 Bg, which is missing its
acidic terminus and therefore Gal~. BAn extragenic suppressor, sugl, was isolated as a Gal‘
revertant and found to be allele specific for gal4-62 Bg. Thus, sugl protein may interact
with the aberrant activating domain of the gald-62 protein. We have cloned SUGl by
complementation. This gene encodes a 1.8kb transcript of medium to low abundance and maps
by OFAGE gel analysis to chromosome VII or XV. Further characterization of SUGl will allow
us to determine its role in transcription.

O 116 STUDIES ON ELA TRANSACTIVATED PROMOTERS.ISOLATION OF A 76,000 DA FACTOR
REQUIRED FOR TRANSCRIPTION FROM THE ADENOVIRUS ENCODED ELA,EII,EIIT AND EIV
PROMOTERS.Patricia Cortes,Leonard Buckbinder,Nancy Rak,Vincente Mirales and Danny
Reinberg.Department of Biochemistry.University of Medicine & Dentistry of New Jersey-
Robert Wood Johnson Medical School.
We have purified from HelLa cells, using a functional transcription assay,a 76,000 Da
protein (EivF)specifically required for transcription from the adenovirus Eiv promoter
and other early viral promoters.Purified EivF bound to the Eiv promoter,other adenovirus
promoters known to be Ela transactivated and the inverted terminal repeats (ITR) of the
virus.DNAse I footprinting experiments demonstrated that EivF bound to the sequence
GT(G/T)ACG(T/A) .Consistent with the observation that EivF was absolutely required to
initiate transcription from the Eiv promoter and that two EivF sites mapped in the ITR
sequences,we show. that the ITR sequences were able to promote transcription from the Eiv
CAP site in an Ela dependent fashion.Nuclear extracts prepared from HelLa cells contained
more than one factor capable of binding to the GTGACGT sequence;however only one of these
factors was able to promote transcription from the EIa,EII,EIII and EIV promoters.The
purified and transcriptionally active EivF bound to sequence elements present in the
somatostatin and gonadotropin promoters that had been previously shown to be responsive
to cyclic AMP;however EivF was not able to drive transcription from the cyclic ANMP
inducible promoters.

O 117 RAP30/74: A GENERAL INITIATION FACTOR THAT BINDS TO RNA POLYMERASE II,
¥Zachary F. Burton, *Mary Sopta, *Marie Killeen, Loris G. Ortolan and *Jack
Greenblatt, C.H. Best Institute of Medical Research and *Department of Medical Genetics,
University of Toronto, Toronto, Ontario, CANADA M5G 1L6. ¥*Present address: Department of
Biochemistry, Michigan State University, East Lansing, MI 48824,
RNA polymerase II-associating proteins (RAPs) were initially isolated and identified by
chromatography of mammalian cell extracts on immobilized calf thymus RNA polymerase II
(Sopta et al., J. Biol. Chem. 260:10353-10361, 1985). We subsequently showed that at
least one of the RAPs is a transcriptional initiation factor (Burton et al., EMBO J.
5:2923-2930, 1986). Human RAP30 was isolated by affinity chromatography and injected
into a rabbit to produce anti-RAP30 antiserum. This antiserum was then used to screen a
lambda gt11 library made with mRNA derived from HL-60 cells, and a human c¢DNA encoding
RAP30 was isolated. This clone was used to produce RAP30-g-galactosidase fusion protein,
which in turn was used to affinity-purify anti-RAP30 immunoglobulin from crude serum.
This monospecific anti-RAP30 antibody was used to show that: 1) RAP30 binds to RAP74; and
2) the RAP30/74 complex is required for accurate initiation by RNA polymerase II.
RAP30/7U4 was shown to be required for accurate transcription from four mammalian
promoters that have "TATA" boxes and from one promoter that lacks a "TATA" box. RAP30/Th
is not required for initiation by RNA polymerase III at the adenovirus VA promoters.
Therefore, RAP30/74 is a general initiation factor that binds to RNA polymerase II.
(Z.F.B. and M.S, are equal contributors to this work.)
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0O 118 AT LFAST THREE DIFFERENT RNA POLYMERASE HOLOENZYMES DIRECT TRANSCRIPTION
OF THE AGARASE GENE (dagA) OF STREPTOMYCES COELICOLOR A3(2), Mark J.
Buttner, Alison M. Smith and Mervyn J. Bibb, AFRC Institute of Plant Science
Research, John Innes Institute, Colney Lane, Norwich NR4 7UH, UK.
The dagA gene of S. coelicolor encodes an extracellular enzyme which is involved in
the Catabolism of agar. Analysis of the transcription of the dagA gene identified
four pramoters which initiate transcription approximately 32, 77, 125 and 220 bp
upstream of the coding sequence. Using a combination of FPIC gel filtration and
anion exchange chramatography three different RNA polymerase holoenzymes were
separated, each of which transcribes fram only one of the dagA pramoters.
Holoenzyme reconstitution experiments identified the sigma factors §esponsib1e for
recognition of two of the pramoters. The previous% identified Eer4 transcribes
fram the dagAp3 pramoter while a novel species, E¢° , recognises the daghp2
pramoter.” Circumstantial evidence suggests that the third }nloenzyne'?ﬁich
transcribes fram the dagAp4 pramoter, is the previously identified E¢3 .

0 119 DIFFERENTIATION BETWEEN ELONGATION-ACTIVE AND ELONGATION-INACTIVE RNA POLYMERASE
MOLECULES. James J. Butzow, Lisa L. Oehrl and Gunther L. Eichhorn, Gerontology
Research Center, NIH/NIA, Baltimore, MD 21224.
RNA polymerase (E. coli) purified to gross physical homogeneity still exhibits heteroge-
neity in its activity. Commonly some 30-50% of the core polymerase in extensively purified
preparations appears to be competent in processive elongation on T7 DNA. The status of the
remaining 50-70% of the cores is not well understood, either as to activity at different
stages in the transcription process or possible defects in the protein. We have examined
the population of enzyme molecules by introducing competition by heparin-sepharose matrix
during the elongation phase on T7 DNA, under standard T7 assay conditions. Elongation con-
tinues unimpaired after physical removal from the reaction of a sizeable proportion of the
cores by extraction onto heparin-sepharose. Up to 70% of the putatively inactive cores are
extracted with fresh preparations, less with preparations showing diminished activity after
extensive storage. Competition by heparin appears to be differentiating between enzyme
molecules involved in elongation and other enzyme molecules that are inactive toward
elongation.

0120 IN VITRO TRANSCRIPTION OF THE P4 PHAGE LATE PROMOTER,

Emily C. Dalel, John Keener2.3, Sydney Kustu2,3, and Richard Calendarl,
Departments of Molecular Biologyl and Microbiology2, University of California, Berkeley,
California 94720, and Department of Bacteriology3, University of California, Davis,
California 95616
The late genes of satellite bacteriophage P4 are cotranscribed from a single promoter which
shares little homology with known classes of E. coli promoters (E. Dale, G. Christie and R.
Calendar, J. Mol. Biol. 192:793-803, 1986). P4 late transcription is stimulated in vivo by the
ogr gene product of P4's helper phage P2 and by the P4 transactivation (§) gene product,
which is homologous to the ogr gene product (B. Kalionis, M. Pritchard, and J. B. Egan, J.
Mol. Biol. 191:211-220, 1986). In a coupled transcription-translation system, the P4 late gene
promoter can be activated by either the § protein or by the ogr protein in the absence of any
other phage-encoded factors. Antibodies against the 670 subunit of E. coli RNA
polymerase inhibit in vitro expression of the P4 late promoter, suggesting that the ogr and
S proteins act as positive regulators, rather than as ¢ factors.
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0 122 REGULATION OF A TRANS-ACTING FACTOR BY PHOSPHORYLATION
Anthony R. Cashmore and Neeraj Datta, Department of Biology,
University of Pennsylvania, Philadelphia, PA 19104

We have isolated and partially purified a trans-acting factor from pea
nuclei which binds specifically to the pea Rubisco SS3.6 promotor.
The binding activity of this factor is reversibly regulated by
phosphorylation. It is phosphorylated by NII kinase and is inactive
in the phosphorylated form. Reconstitution experiments with purified
phosphorylating enzymes are in progress.

O 123 IDENTIFICATION OF NUCLEAR FACTORS (NF) THAT BINDS TO TWO CONSERVED SEQUENCES OF
THE I-Aﬁ GENE. Antonio Celada and Richard A. Maki, La Jolla Cancer Research
Foundation, La Jolla, CA 92037.

Human and murine class Il genes of the MHC show a striking homology at 50-120 bp

upstream of the transcription start site. This area is composed of two conserved

sequences (a 13-mer and an 8-mer separated by 19-20 bp), identified as cis-acting
transcriptional elements. We have shown by application of a modified gel
electrophoresis DNA binding assay that a NF binds to the 8-mer conserved sequence.

This NF 1is present in murine B and T Tlymphocytes, macrophages, mastocytes,

fibroblasts and human B lymphocytes and macrophages. No modifications of the NF have

been found after treatment of the cells with interferon-y or cycloheximide. The
binding site was defined by using DNase I and dimethyl sulfate protection assays. The
putative binding sequence is closely related to the sequence, CCAAT, which is often
found associated with the promoter of a gene and is recognized by transcriptional
factors CTF and NF-1. Oligonucleotides that contain the binding site sequences for
NF-1 and the a-globin CCAAT element, however, do not compete for binding of the NF to
the 8-mer conserved sequence of I-A, described here, suggesting that, in spite of the
similarity of the binding sequerice, the NF identified in this report may be
different. Using the dimethyl sulfate protection assays and large amounts of nucliear
proteins, we found a second NF that binds to the 13-mer conserved sequence. These
nuclear proteins may be trans-acting factors that mediate the specific transcription
of I-A.

0124 PHOSPHORYIATION MODULATES THE ACTIVITY OF THE TRANSCRIPTIONAL ACTIVATOR ADRI1,
J.R. Cherry, T. Johnson, K. Dollard, C.L. Denis, University of New Hampshire,
Durham, NH.

ADR1 1s the primary actlivator of transcription of the glucose-
repressible alcohol dehydrogenase |i gene (ADH2) of S, cereylislae.
Three mutatlons which all cause a partial escape from glucose
repression occur In a sequence of five consecutive amino acids whlich
can serve as a slte of phosphorylation by cAMP-dependent proteln
kinase. The reversible phosphorylation of ADR1 may be affected by
these mutations and thus be disrupting a crucial step In the
glucose repression of ADHII,

ln vitro phosphoryiation of mutant and wild-type ADR1 proteins
expressed in E. coll have been performed and found to support the
above model. The mutations decrease or eliminate phosphorylation at
the serine in the phosphorylation consensus sequence. In addltion,
yeast lackling the regulatory subunit of cAMP-dependent protein klnase
(bcyl) show decreased ADHI! expression. These results Indicate that
phosphorylation diminishes ADR1-medlated transcriptional activation of
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0 125 MODULATION OF TRANSCRIPTIONAL ACTIVITY VIA PROTEIN-PROTEIN INTER-
ACTIONS, Robert H. Chiu and Michael Karin, University of Californisa,
San Diego, La Jolla, CA 92093
Phorbol esters (TPA) treatment of cells lead to induction of various proto-
oncogenes, growth factor genes, and genes encoding secreted proteases. In
addition, TPA increase the activity of viral enhancer elements. To identify
trans-acting factors that mediate the transcriptional response to TPA we
used the SVL0O enhancer as a model, because it was known to be composed of
gseveral discrete cis-acting elemente which are recognized by multiple trans
acting factors(1l). At least four different TPA responsive elements were
observed and responsive activities were depend on cell type. The induction
response was likely to involve at least two distinct post-translational
steps which modulate the activity of the proteins that recognize these
elements. Furthermore, one of the transcriptional factor APy appears to
mediate transcriptional activation in response to two different signal-
transduction pathway(2), one involving the phorbol-ester and diacylglycerol
activated protein kinase C, the other involving cAMP-dependent protein
kinase A. To examine whether the interactions of trans-acting factors
induced by different inducers are required for maximal transcriptional
activation will be discussed.
(1)Robert Chiu et al, Nature 329, 648 1987
(2)Masayoshi Imagawa et al, Cell 51, 251 1987

0126 CHARACTERIZATION OF THE XENOPUS XIHbox 1 HOMEOBOX GENE, Ken W.Y.
Cho, Christopher Wright, Guillermo Oliver, Andreas Fritz and Eddy DeRobertis,
University of California, Los Angeles, CA 90024.

We describe the characterization of the X1Hbox 1 Xenopus homeobox gene, previously

reported as AC-1 (Cell 37, 1984). cDNA isolation and transcriptional analysis of this

gene reveal that differential utilization of two promoters produces two transcripts
which are differentially expressed during embryogenesis. A novel feature of these
events is that alternative transcription leads to the production of a new domain in
the N-terminal end of the homeobox protein. Immuno-staining of the sectioned

Xenopus and mice embryos has demonstrated that these two homeodomain proteins

are differentially distributed spatially; one being expressed more posterior than the

other in a variety of different tissues.

To analyze functions of the homeotic genes, we have tested their ability to bind to
specific DNA sequences. The B-galactosidase-XIHbox 1 homeobox fusion protein
recognizes a CAATTAAA sequence motif. Whether this sequence has any functional
relevance in transcription is currently being investigated.

O 127 "THE GENOME IS DIVIDED INTO DOMAINS BY A/T-RICH DNA SEGMENTS THAT ASSOCIATE VWITH THE
NUCLEAR MATRIX" Peter Cockerill, Walter and Eliza Hall Institute of Medical
Research, 3050 Australia

The genome is divided into domains of about 50kb of DNA in length. These domains can be

visualised as loops of DNA when histones are extracted from either nuclei or metaphase

chromosomes. I have identified a very heterogeneous family of A/T-rich DNA elements which
act to anchor domains of DNA to either the nuclear matrix or the chromosome scaffold (Cell

44, 273-282 (1986). These elements have been termed MARs (matrix associations regions) and

probably define DNA domains in the genome. A comparison of various MARs reveals that they

are typically 75% A+T, and the strength of binding increases with the percentage A+T and
the length of the A/T-rich region. MARs usually contain topoisomerase II binding sites and
appear to bind to the nuclear matrix via multiple interactions occurring over a stretch of
about 300 bp of DNA. I have shown that the topoisomerase II consensus sequence is all the
sequence information that is required to achieve in vitro binding to the nuclear matrix.

An efficient MAR can be synthesized by polymerising copies of an oligonucleotide containing

a topoisomerase II sequence. When 12 or more copies of the oligonucleotide are included

then a MAR is obtained that binds more efficiently than the mouse kappa Ig gene MAR. The

kappa MAR had been used here as a model to predict features necessary to synthesize a MAR.

I have assayed a 200kb stretch of the mouse heavy chain immunoglobulin gene for MARs using

an in vitro DNA binding assay. I have found blocks of MARs in four intergenic regionms

which divide the locus into domains having an average size of about 50kb (as predicted for
the genome as a whole). While MARs appear to be structural elements, they may also play

roles in DNA replication and transeription, by interacting with topoisomerase II.
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0128 THE ZINC FINGER DNA BINDING DOMAINS FROM IWO YEAST TRANSCRIPTIONAL ACTIVATOR

PROTEINS ARE FUNCTIONALLY IDENTICAL, J. Christopher Corton and Stephen Johnston,

Depts of Botany, Duke Univ,, Durham, NC+

A number of transcriptional activator proteins from yeast including GAL4, which

activates the GAL genes and PPR1, which activates genes in the pyrimidine pathway, have Zn
finger domains within defined DNA binding regionsv An earlier model proposed that the
finger of GAL4 interacts nonspecifically with the chromatin and that the protein sequences
immediately adjacent to the finger are involved in specific recognition of the GAL upstream
activating sequence (UAS) (Salmeron, J. and Johnston, S+ 1986 Nucleic Acids Res.l4, 7767).
To test this model we replaced the GAL4 finger region with increasing portions of the finger
region from PPRls The 4PPR1-1 fusion contained all but five amino acids of the finger from
PPR1; 4PPR1-2 contained all of the PPR1 finger plus 8 amino acids on the C—terminal side;
and 4PPR1-3 contains all the PPR1 finger plus 23 amino acids of PPR1 sequence.: All fusions
cloned into YEp351 were analyzed in a GAL4 deleted, MEL1 strain. The 4PPR1-1 and 4PPR1-2
fusions grew on galactose, were able to activate MEL1 expression and bound to the GAL UAS.
The 4PPR1-3 fusion on the other hand, did none of these things. Our results show that the
zinc finger domain of PPR1 can functionally substitute for that of GAL4, and indicates that
the zinc finger in these proteins is involved in nonspecific interactions with the
chromatine

0129 REQUIREMENT OF POLYOMA PROTEIN-INTERACTIVE SEQUENCES FOR EXPRESSION
ON PCC4-azal CELLS, L. Couture and JM. Lehman, Albany Medical College, Albany NY 12208.

Recently, DNA-protein interactions have been reported (PN AS83:8550,1986; Cancer Cells 4, pl06,

1986) in the polyoma (py) enhancer region involving the 6bp inverted repeat *C-element’ as well as

the adjacent 9bp G-C rich inverted repeat. Both of these regions are maintained in pyPCC4 embryonal

carcinoma cell host range mutants including a non- selected py strain (LPT) characterized in this

lab which expresses large T antigen in 30-40% of infected PCC4-azal cells. These mutants are charac-

terized as essentially having substituted a span of DNA, encompassing minimally the A enhancer

core, for a variable deletion, often beginning immediately 3’ to the G-C rich inverted repeat, of

the Pvu-II-4 fragment typically containing the B-enhancer element. We have set out to determine the

requirement for these binding events in vivo by creating a number of py enhancer region con-

structs containing various deletions of this region and/or the second A-enhancer and replacing them

into the wild type strain A3 in order to test for their ability to express Tag as well as replica-

tion efficiency in both PCC4-azal and primary mouse fibroblast cells. Deletions of various portions

of the C-element and G-C repeat but containing the second A-enhancer and deletion of the remainder

of the Pvu-I1-4 fragment express in PCC4’s as well as constructs containing the C-element and G-C

repeat. A construct with two adjacent A-enhancer elements and no Pvu-II-4 fragment grows poorly but

significantly better than the Pvu-1I4 containing wild type strain (P16) from which it was derived.

A construct with only one A-enhancer and no Pvu-II-4 fragment grows only to the same background

level as does A3. Constructs with further deletions into the 60 bp separating the two A enhancers

as well as constructs maintaining the separation but with exogenous spacer DNA will be presented. A

mechanism for py enhancer function in PCC4 cells will be discussed.

O 130 ENDO A, DEVELOPMENTALY REGULATED GENE IS TDERECPRESSED IN EMBRYONAL

CARCINOMA (EC) CELLS BY THE PRODUCTS OF C-MYC AND E1A GENES - Chantal
Cremisi, Rosine Onclercq and Agnes Lavenu, Institut Pasteur, 25, rue du Docteur Roux -
Paris - 75015 - France.

We previously showed that Polyoma large T (PyT) antigen is negatively regulated
in mouse embryonal carcinoma cells (EC cells) and that a labile inhibitor blocks trans-
cription of the gene, endo A. We recall that these genes are very early markers of em-
bryogenesis, as both genes start to be expressed in the earliest differentiated cells,
i.e. the trophectoderm layer of the blastocyst stage.

Here we demonstrate that endo A gene is negatively regulated in EC cells and shares
negative regulatory trans-acting factors with PyT antigen. The product of the human proto-
oncogene c-myc exerts a regulatory effect on these genes ; it is able to derepress them at
the transcriptional level.

The ETA gene of Adenovirus 5 also activates endo A gene expression in EC cells, but
it exerts an opposit effect on Py early promotor.

Thus, the proto-oncogene c-myc acts as a transcriptional regulator and derepresses
expression of an endogenous gene. The fact that E1A gene also activates endo A gene in EC
cells, raises the possibility, that c-myc gene product is a functional homologuein the cell
of E1A protein.
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O 131 THE RAT ALPHA-FOETOPROTEIN PROMOTER GOVERNS THE LIVER-SPECIFIC EXPRESSION AND
BINDS SEVERAL NUCLEAR PROTEINS, J.L. Danan, M. Jose and A, Poliard. Laboratoire
d'Enzymologie du CNRS, 91190 Gif-sur-Yvette, France
Alpha~foetoprotein (AFP) is the major plasma protein during fetal life. In the course of
development, the transcription of this gene decreases to reach very low levels in the
adult liver. We have tested the promoter region of the rat AFP gene for its ability to
govern the expression of this gene. CAT transient expression experiments were performed.
The results indicate that the proximal flanking region of the rat AFP (-300 to ~10) is
able to direct liver specific expression. Efficient expression however required the
presence of an upstream element whose precise location within 2.5 kb of the 5' extragenic
reglon 1is now under study. In order to look for proteins putatively involved in the
control of the rat AFP gene expression, we have analyzed the binding of proteins from
liver nuclear extracts to the rat AFP promoter region (-200 to + 40). This was first done
by using a gel retentlon assay. Several stable and specific high affinity complexes were
detected with extracts from adult and fetal liver. One of these complexes appeared to be
liver specific since it is not detected with extracts from spleen, kidney or brain. This
complex 1s due to the binding of a liver factor to the region -65 to -40 of the AFP
promoter as shown by footprinting experiments and confirmed by gel gift competition
experiments using an oligonucleotide covering this region. This region has been shown to
be of crucial importance for the liver specific expression of the mouse AFP by the group
of S. Tilghman. We were also able to show by competition experiments that a widely
distributed factor, likely NFI’ binds in the region -125 to -100 of the rat AFP promoter.

O 132  SYNERGISM BETWEEN ENHANCER ACTIVITIES OF THE GLYCOPROTEIN HORMONE «-SUBUNIT GENE.
Angelo M. Delegeane and Pamela L. Mellon, The Salk Institute, La Jolla, CA. 92037

The 5'-flanking region of the human glycoprotein hormone a-subunit gene contains at least
two enhancer activities, cAMP reponsiveness and placental tissue specificity. Using a
transient expression assay, the cAMP enhancer activity was localized to a duplicated 18-bp
region which can confer responsiveness to a heterologous promoter in a distance~ and orien-
tation-independent manner. The tissue specific element (TSE) resides in the sequences 5' to
the cAMP response element (CRE) and is dependent upon the presence of the CRE for activity,
as the TSE alone does not confer tissue specificity to a heterologous promoter or to the a-
subunit gene promoter in placental cells (Mol.Cell.Biol. 7, 3994, 1987). Elimination of one
copy of the CRE by an internal deletion of 18-bp does not affect the cAMP reponse but
reduces the tissue-specific activity by six-fold and elimination of both copies destroys
both activities. The a-subunit gene CRE can be replaced with the somatostatin CRE and still
confer tissue specificity, albeit at a 1lower level, while cAMP responsiveness remains
unchanged. To examine how the interaction of these elements is involved in the generation
of tissue specificity, a variety of rearranged a-subunit gene 5'-flanking control regions
were analyzed. The TSE and CRE were able to interact and generate tissue specificity
regardless of their orientation with respect to each other, although activity was decreased
by two-fold when the TSE was moved 300-bp upstream of the CRE and lost with further dis-
tances. Thus, the synergistic interaction between these two elements, though independent of
orientation, is enhanced by their proximity to each other.

0134 Analysis of the requirements for a super-high
expression phenomenon in 8 thermotolerant Bacillus species

Gert E. de Vries, Nico Arfman, Lubbert Dijkhuizen and Wim Harder.
State Untversity Groningen, Dept. Microbiology, 9751 NN Haren, Hotland.

Methylotrophs, when grown at a Jow growth rate and supplied with limiting
amounts of methanol, generally synthesize high amounts of the first
dissimilatory enzyme, e.g. methano! oxidase in certain yeast strains (1) and
methanol dehydrogenase in methylotrophic prokaryotes (2). Recently a
thermotolerant Bacillus species was isolated in our laboratory. This strain
synthesizes an unusual NAD-dependent alcohol dehydrogenase enzyme, well

in excess of 30% of total cellular protein when grown with methanol. A study
is made of the regulation of transcription, the role of sigma factor(s) and
copy number of the gene, coding for this protein.

(1) van Dijken et. al. Arch. Microbiol 111,137, (2) Harms et. al. J. Bacteriol. 169,3969
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0135 CRYSTAL STRUCTURE OF KINETOPLAST DNA BENDING LOCUS

Anna D. DiGabriele, Mark R. Sanderson, Thomas A. Steitz, Yale
University, New Haven, CT 06511.
Studies of the abnormal gel mobilities of a series of synthetic DNA
oligonucleotides have led to the hypothesis that certain DNA sequences
are inherently bent. The site of bending consists of four or five
adjacent adenine residues flanked on the 5' and 3' ends by DNA of random
sequence (Koo, et al., Nature 320, 501, 1985). In order to determine
the molecular basis of DNA bending, the sequence dCGCAAAARATGCG has been
crystallized and its structure has been determined at 2.8A. The
structure was solved by applying the phases of the structure
dCGCGAATTCGCG, which crystallizes with the same cell dimensions as our
dodecamer (Wing,et al., Nature 287,755,1980). Preliminary results
suggest that a bend of approximately 20 degrees exists in the direction
of base pair roll. Our current model also suggests the presence of
bifurcated hydrogen bonds between adjacent steps of the adenine tract.
Refinement using both NUCLSQ (Westhof,et al.,JMB 184,119,1985) and XPLOR
(Brunger, et al.,Science 235,458,1987) is in progress.

O 136 THE PRO-OPIOMELANOCORTIN GENE: A MODEL FOR NEGATIVE REGULATION OF TRANSCRIPTION

BY GLUCOCORTICOIDS, Jacques Drouin, Mona Nemer, Richard K. Plante, Mark Trifiro
and Orjan Wrange*, Clinical Research Institute of Montreal, Montreal, Canada, H2W 1R7,
*Karolinska Institute, Stockholm, Sweden.

The gene encoding pro-opiomelanocortin (POMC) offers an interesting model system to
study negative control of transcription in eucaryotes. Indeed, glucocorticoid hormones
specifically inhibit transcription of the POMC gene in the anterior pituitary.

In order to identify DNA sequence elements responsible for transcription inhibition by
glucocorticoids, chimaeric genes constituted of POMC promoter fragments fused to bacterial
sequences encoding neomycin resistance (neo) were tested by electroporation into POMC-
expressing AtT-20 cells of pituitary origin. The POMCneo hybrid gene is transcribed effi-
ciently from the correct start site in these cells. Deletion analysis indicates that
sequences up to position -478 bp are required for tissue-specific transcription. Similar
deletion analyses suggest that sequences within a promoter fragment extending from posi-
tions -34 to -132 bp are essential for glucocorticoid inhibition of transcription. This
region contains one of the three in vitro binding sites for purified glucocorticoid recep-
tor identified in POMC upstream Sequences. Since this binding site overlaps a putative
"CCAAT" box sequence, glucocorticoid inhibition of POMC transcription may result from
receptor binding in the "CCAAT" box region and impaired "CCAAT" box function.

O 137 IN VIVO FOOTPRINTING OF TRANSCRIPTION COMPLEXES AT THE LAC AND GLNALG OPERONS OF
E. TOLL, Selina Sasse-Dwight and Jay D, Gralla, University of California, Los
Angeles, CA 90024,

In vivo footprinting using primer extension analysis was used to examine transcription
compTexes at the lac and gInALG operons of E. coli, Plots of operator occupancy versus
active repressor concentration in vivo for the Jac primary (01) and pseudo (03) operators
were obtained by inducing the cells with various amounts of IPTG and probing repressor
binding with dimethyl sulfate, These plots demonstrate that 01 binds repressor 10.3-fold
more tightly than 03 in vivo. Deletion of 01 drastically reduced 03's ability to bind
repressor, demonstrating that the two operators bind repressor cooperatively in vivo.
Addition of the drug coumermycin in vivo suggested that this cooperativity may require DNA
supercoiling.

Using the same in vivo footprinting techniques to study the gInALG operon, we found that
the NRI activator protein binds to the upstream NRI sites 1 and 2 on the same helix face
when the cells are deprived of nitrogen. Occupancx of these two sites was reduced when .
0" 54 was missing from the background strain. Ec 5% was found to bind to the opposite helix
face from NRI at the glnAp2 promoter, even under conditions of nitrogen excess or in the
absence of NRI from tﬁa—background strain where there is Tittle or no transcription from
this promoter. Potassium permanganate, which we found detects open complexes at the lac
promoter, was used to examine open complex formation at glnApZ in various background ) .
strains. An open comg]ex was detected in vivo only under conditions of nitrogen deprivation
when both NRI and 6" 5% were present in the cell.
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0138 CHARACTERIZATION OF FACTORS BINDING TO THE UPSTREAM REGION
OF THE MUSCLE CREATINE KINASE GENE, Cathleen Earhart-Ohlendorf, Pamela A.
Benfield, and Mark L. Pearson, E. . du Pont de Nemours & Co., Inc., Experimental Station, Wilmington,
DE 19898
Creatine kinase is a dimeric protein which can be composed of two different monomers, brain or muscle. The B
monomer is the primary form in brain and other nonmyogenic tissue, while the M form is found in skeletal muscle
and cardiac tissue. Expression of the creatine kinase genes is developmentally regulated. The early stages of
skeletal muscle development are characterized by myoblast fusion and an accompanying replacement of brain
creatine kinase in the myoblast by muscle creatine kinases in the myotube. We are interested in studying the factors
responsible for selective expression of the creatine kinase gene in skeletal muscle development. The upstream
region of the muscle creatine kinase gene contains three homologous sites for a sequence specific binding activity
present in nuclear extracts from myogenic cells (L6 and C2). The characteristics of the binding activities found in
differentiated myotube extracts appear to differ from those found in undifferentiated myoblast extracts. The relative
affinity of the factor for the three sites has been determined by equilibrium competitions studies. Nuclear extracts
from the nonmyogenic L cell line contain a sequence specific binding activity with different properties. The exact
sites of binding have been determined by DNAasel and premethylation interference footprinting.

O 139 TWwo NEW FINGER-LIKE PROTEINS FROM MOUSE, Michele Ernoult-Lange and
Dean H. Hamer, Laboratory of Biochemistry, National Cancer Institute,
National Institutes of Health, Bethesda, MD 20892

The Zn finger protein family appears to be involved in general regulatory functions in
several eukaryotic organisms such as Xenopus (TFIIIA), Drosophila (Kruppel) and yeast
(ADR1). We report here the characterization of two mouse genes that encode potential
Zn-finger proteins, These clones were isolated from a cDNA library on the basis of
DNA homology with two different finger~coding probes: 1) a synthetic oligounucleotide
corresponding to a consensus sequence of Kruppel finger-coding region; and 2) the EcoRI
fragment of mkrl (Chowdhury et al., Cell 48:771-778, 1987) containing only the finger
sequences from a previously isolated mouse gene. The amino acid sequences which have
been deduced from the nucleotide sequence determination revealed that these two cDNA
encode for two distinct proteins which contain from 4 to 7 finger motifs. In one of
these, the potential DNA-binding as well as Zn liganding amino acids are highly repe-
titive, raising the possibility that the binding site is a repetitive DNA sequence.
Studies on the DNA binding and tissue distribution of these proteins are in progress.

0 140 DNA BINDING PROTEINS INTERACT WITH THE YEAST
COPPER-METALLOTHIONEIN PROMOTER Tina Etcheverry and
Wayne Forrester  Genentech, Inc., South San Francisco, CA 97080

The yeast CUP1 gene encodes copper-metallothionein and is regulated by
copper ions in the media. DNA sequences required for copper regulation have been
identified by studying the effects of various promoter deletions in vive. There are six
repeated elements within this region that have the consensus sequence
TCTTTTTGCT. Deletion of some of these repeated elements reduce or eliminate
gene expression suggesting that these sequences are required for positive regulation
of the gene.

DNA binding prateins which interact with this upstream regulatory region
have been partially purified using heparin Sepharose chromatography and gel
mobility shift assays. DNase I footprint analysis revealed the presence of one factor
which recognizes the repeated element. At least two other DNA binding activities
are seen for non-homologous sequences. Surprisingly the binding activities are not
affected by the presence of copper or treatment with the copper chelator
diethyldithiocarbamic acid. We are in the process of purifying these proteins by
affinity chromatography. Through this process, we hope to further characterize
these proteins and identify their role in mediating the copper response in yeast.
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O 141 MOLECULAR ANALYSIS OF A COMPLEX TRANSCRIPTIONAL CONTROL REGION IN YEAST, Philip
Farabaugh, Xiao-bei Liao and James Kapakos, Department of Microbiology, U. of Conn. Health Center,
Farmington, Connecticut 06032.

We have defined the sites which modulate the level of transcription of the retroviral-iike transposon Ty@17 of the
yeast Saccharomyces cerevisiae. The sites which establish the level of transcription initiation map both upstream and
downstream of the transcriptional initiation site. The upstream sites, a UAS-like site and a TATA-box, are necessary but not
sufficient to promote high level initiation. Maximal expression requires the presence of two downstream enhancer-like
sites, located between 140 and 320 bp into the transcribed portion of the element. These together act to stimulate
transcription about 1200-fold. A site located about 480 bp into the transcribed region when present decreases upstream
transcription about 3-fold; this capacity is similar to that of negative enhancers or silencers.

Ty elements can also act to stimulate the expression of genes iocated immediately upstream of their promoter
end. Adjacent gene transcription also requires sites located downstream of the transcription initiation site. A site located
about 430 bp into the element (between the enhancer and silencer-like sites) is required only for adjacent gene
expression. We are investigating whether this site is sufficient for this stimulation or whether adjacent gene transcription
also requires the enhancer-like sites. Adjacent gene transcription is depressed 2 to 3-fold by the silencer-like site.

It is probabile that the sites which we have identified are the binding site of transcriptional initiation factors. We are
using a combination of genstic and biochemical techniques to determine if this is true and to attempt to determine the way
in which interaction between the multiple putative factors regulates initiation. Preliminary genetic results suggest that the
UAS may be complex, containing two independent domains, and that each enhancer-like site specifically interacts with a
portion of the UAS. Gel mobility shift experiments show that protein factors bind specifically to both the upstream and
downstream regions. Partial purification suggests that at least two factors bind to each region.

O 142 REGULATION OF OM2 EXPRESSION IN VIBRIO ANGUILLARUM, David H. Farrell,
Luis A. Actis, and Jorge H. Crosa, Oregon Health Sciences University,
Portland, OR g7201.

Yibrio anguillarum, the etiologic agent of the disease vibriosis, harbors a

65kbp plasmid, pJM1, which is required for virulence. pJM1 encodes a high-

affinity iron-uptake system which synthesizes an iron-binding siderophore,
anguibactin, and an outer membrane protein required for uptake of ferric-
anguibactin complexes, OM2. The expression of OM2 is regulated at the
transcriptional level by the concentration of iron in the medium, such that
at high iron concentrations, OM2 mRNA synthesis is repressed. The region of
pJM1 containing the iron transport genes, including those for OM2, has been
cloned as a 10kbp fragment in pBR325 and conjugated into a plasmidless strain
of V. anguillarunm. In this transconjugant, OM2 expression is regulated by
iron as in the wild type. However, cells harboring a 6kbp derivative, which
is deleted downstream of the OM2 gene, do not show repression of OM2
synthesis at high iron concentrations. DNA sequence analysis of the deleted
region shows the presence of an open-reading frame immediately downstream of

the OM2 gene. 1In addition, the deleted 6kbp clone shows the presence of a

new 12.5kd protein in coupled transcription/translation reactions which is

likely to be the truncated N-terminus of the protein encoded by the open-
reading frame. Our evidence suggests that this protein is responsible for
the transcriptional regulation of OM2 by iron.

O 143 THE HISTONE OCTAMER: A CONFORMATIONALLY FLEXIBLE STRUCTURE. G.D., FASMAN AND K.
PARK, Department of Biochemistry, Brandeis University, Waltham, MA 02254

The literature contains conflicting data concerning the conformation of the histone
octamer in both the crystal and in solution, as well as in the nucleosome. The conformation
of the histone octamer complex has been shown herein, by circular dichroism (CD) studies,
to be highly dependent on the nature and concentration of the salt milieu. Two different
salts were used, NaCl and (NH,)2S04, to study the dependency of the conformation of the
histone octamer on the salt concentration. With increasing concentrations of NaCl, the o-
helical content of the octamer increased, with a concomitant decrease in the B-sheet con~
tent (0.2M to 4.0M). At 2.0M NaCl, the concentration at which Uberbacher et al.[Science
232, 1147-1249 (1986)] used small-angle neutron scattering to study the octamer's size and
‘shape, the analysis of the CD curve yielded 44% o-helix, 16% B-sheet and 40% random struc-
ture for the octamer. In a relatively narrow range of the concentration of (NH4)2804, from
2.0M to 2.5M, there was a transition from a-helix to random>coil with no significant change
in g-sheet content. At 2.3M, (NH,),SO,, the concentration at which Burlingame et al.
[Science 233, 413-414 (1984)] used to obtain histone octamer crystals, a higher a-helical
content was found by CD, with 497 a-helix and 51% R-sheet. Even though a direct comparison
between the nucleosome core particle and histone octamer cannot be made, these results
would indicate that the histone core and nucleosome can be viewed as very pliable structures
whose conformation can be altered by a change in local solvent milieu, partially resolving
the contradictory claims concerning the X-ray analysis of crystals obtained under varying
conditions.
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O 144 STUDIES ON TRANSCRIPTION FACTORS IIB, IIE AND IIF. THREE RNA POLYMERASE II

ASSOCIATED PROTEINS, Osvaldo Flores, Edio Maldonado, Zachary Burton*, Jack
Greenblatt* and Danny Reinberg, Departament of Biochemistry, University of Medicine and
Dentistry of New Jersey, Robert Wood Johnson Medical School.

Transcription from class II promoters required five general transcription factors
(11A, 11B, I1ID, TIE, and IIF) in addition to RNA polymerase IL. Factors IIB, IIE, and
IIF interacted with a preinitiation complex via protein:protein interactions. The puri-
fication of TFIIE resulted in the isolation of a new general transcription factor, TFIIF.
This factor has been purified to homogeneity and shown, by renaturation of proteins from
polyacrylamide SDS gels and antibody studies, to be a single polypeptide with a mass of
29,000 daltons. Purified TFIIF interacted with RNA polymerase II. TFIIF corresponded to
one of the RNA Polymerase I1 associated factors (Rap 30) which was isolated by RNA Poly-
merase IT affinity chromatography. Studies with antibodies against TFIIE/Rap 30 indi-
cated that the factor was absolutely required for transcription of different class II
promoters.

O 145 A Compiex of Three Celiular Factors Activate the Polyomavirus Enhancer In gouse

Fibroblasts. William R. Folk¥, Mark E. Martin*, Jacques Piette’, Moshe Yaniv’ and
Wei Jen Tang*. *Dept. of Microblology, Univ. of Texas, Austin, TX 78712, Pasteur
Institute, 25 rue du Dr. Roux, Paris, France.

The polyomavirus enhancer is composed of multiple functionally redundant eiements
whose activities vary with cell type. Polyomavirus DNA replication and transcription in
mouse fibroblasts is dependent upon the enhancer located between nts 5046-5295.

To better understand the role of celiular factors in activation of individual
enhancer elements, we have isolated severa! polyomavirus mutants and revertants with
multiple point mutations which inactivate most or aill of the enhancer elements. (Tang et
at, 1987. Mol. Ce!!. Biol. 7:1681-1690.) Analysis of proftein binding to mutant enhancer
sequences indicate that three cetlutar factors, PEAl1, PEAZ and PEA3, are capable of
binding to sequences between nts 5130~5155 in yitro. Formation of a complex of these
proteins is required for maxima! enhancer activity and Induces a DNAsel hypersensitive
site at approximately nt 5125 (HS-1) in viral chromatin. Mutations in PEA1 or PEA3 target
sequences reduce enhancer function and decreases HS-{ in viral chromatin. Duplication of
other enhancer elements can compensate for mutations in the PEA1 binding site suggesting
possible interactions between the protein compiexes associated with the dupiicated
sequences.

O 146 FUNCTIONAL ANALYSIS OF TWO LINKED METALLOTHIONEIN-I GENE PROMOTERS, Randy Foster

and Lashitew Gedamu, University of Calgary, Calgary, Canada T2N 1N4
Human metallothioneins(MTs) exist as a multigene family consisting of at least five
clustered functional MT-I and one functional MT-IIA genes. We have isolated two linked
human MT-I genes, MI-IF and MT-IG, organized in a head to head fashion from a genomic
library. S1 nuclease studies have shown that these two genes are functional and that they
are expressed in a cell type specific pattern. Although both genes are coordinately
induced by heavy metals in a hepatoblastoma derived cell line, Hep G2, the level of
expression of the MI-IG gene exceeds that of the MI-IF gene. In order to investigate the
possible differences in the transcriptional activity of the MI-IF and MT-IG promoters we
have fused the proximal portions of their respective promoters to the chloramphenicol
acetyl transferase (CAT) gene. The transient expression of the MT/CAT fusion genes were
analyzed in transfected Hep G2 cells by CAT assays and Sl nuclease protection analysis.
These studies indicate that in Hep G2 cells the MI-IG promoter is 5X transcriptionally
more active than that of the MT-IF gene. Deletion analysis of the MT-IF and MT-IG
promoters has revealed that at least 160 bp of upstream sequence is sufficient to elicit
coordinate heavy metal induction and differential promoter activity of these two genes.
Electrophoretic mobility shift experiments using 160 bp of proximal 5' flanking sequence
indicates that the two genes exhibit differenial affinity for trans-acting factors. The
regulation of the expression of these genes in Hep G2 cells may be effected by
differential affinity of trans-acting factors for their respective cis-acting promoter
elements. Supported by AHFMR and MRC.
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-0 147 PURIFICATION AND CHARACTERIZATION OF HUMAN HISTONE H1 GENE PROMOTER TRANSCRIPTION
FACTORS, Paola Gallinari, Franca LaBella and Nathaniel Heintz, Rockefeller
University, New York, NY 10021

Our interest is to elucidate mechanisms regulating human histone Hl gene transcription dur-

ing the cell cycle, by isolating and biochemically characterizing the trans-acting factors

that bind to specific DNA sequences on Hl gene promoter. Two distinct DNA binding activities
have been identified in nuclear extracts from HeLa cells and mapped within a 170bp region of

Hl gene promoter. H1 distal factor binds to an Hl specific AC-rich region, 100bp upstream of

the CAP site; Hl proximal factor, binds to the specific consensus sequence between postitions

-55 and -39, This proximal region (HlL subtype specific domain) harbors a CCAAT box on the

coding strand, but the homology between different Hl genes extends well beyond this element,

so that the additional conserved flanking nucleotides might result in subtype specific utili-
zation. Deletion of the CCAAT box reduces in vitro transcription to 15% whereas deletion of
the downstream homology further depresses transcription to 5% of the wild type level. The
factors were partially co-purified from Hela nuclear extracts using classical chromatographic
fractionation procedures, and then separated by specific oligo DNA affinity chromatography.

Analysis of chromatographic fractions on SDS-PAGE indicates that a protein with a M.W. of

45kd  co-elutes with Hl proximal binding activity in gel electrophoresis retardation assays.

This protein protects from DNAse I digestion a sequence of 20 nucleotides coincident with

the Hl specific domain and the methylation of both G residues complementary to the two C’'s of

the CCAAT motif abolish binding.Sequencing data of the HPLC purified protein are in progress.

0O 148 A CCAAT DNA BINDING FACTOR CONSISTING OF TWO DIFFERENT COMPONENTS THAT ARE BOTH
REQUIRED FOR DNA BINDING, P. Golumbek, A. Hatamochi, E. Van Schaftingen,

G. Karsenty, S. Maity, and B. de Crombrugghe, The University of Texas M. D. Anderson
Hospital and Tumor Institute, Houston, Texas 77030.

We have identified in nuclear extracts of NIH 3T3 fibroblasts and rat liver a protein which
binds to the CCAAT motif of several promoters including the Long Terminal Repeat of Rous
Sarcoma Virus, the B-actin, and the mouse a2 (I) collagen promoters. The factor which was
purified using as assay DNA binding to a segment of the mouse o2 (I) collagen promoter,
consists of two components, designated A and B, which are separable by ion exchange
chromatography. In crude extracts, factor A is heat labile, whereas factor B is heat
resistant. Both factors are required for DNA binding and are present in the DNA-protein
complex. Both factors have been purified to homogeneity using sequence specifie affinity
chromatography. Renaturation of purified material from an SDS-PAGE gel, yields Mr values
of 39,000 and 41,000 for factors A and B respectively. Competition experiments indicate
that this CCAAT binding complex has a different binding specificity from other factors such

as Nuclear Factor 1, COUP and CBP which recognize an analogous motif. Furthermore, the
biochemical characteristics and molecular weights of each of the two components of this
factor indicate it is different from these other factors. Point mutations, within the

CCAAT motif of the a2 (1) collagen promoter, which lower the binding affinity of the
purified CCAAT protein, also cause a decrease in the activity of the promoter as assayed by
DNA transfection. This suggests that the CCAAT factor which we have purified plays a role
in the expression of the a2 (I) collagen gene as well as several other genes.

0 149 CREB REQUIRES DIMERIZATION FOR TRANSCRIPTIONAL ACTIVITY, Gustavo A.

Gonzalez, William H. Biggs, III, Karen K. Yamamoto and Marc R. Montminy, The Satk

Institute, La Jolla, CA 92037.
Although numerous eukaryotic DNA binding proteins have been characterized, the mechanisms by which
these regulatory proteins form transcriptionally active protein-DNA complexes are unknown. We have
previously characterized and purified a 43 Kd DNA-binding phosphoprotein (CREB) which mediates
induction of somatostatin gene transcription by cAMP. CREB binds with high affinity to the cAMP response
elements (CREs) of numerous neuro(gg[ptide and growth factor related genes. Most of these CREs contain a
conserved core palindrome-TGACGTCA-prompting us to ask whether CREB binds to DNA as a dimer.
Methylation interference experiments indicated that each CREB “monomer” would reco%nize a 5 bp motif-
CGTCA-within the core. Gel retardation assays using purified CREB and a 28 bp CRE oligonucleotide
revealed two protein-DNA complexes. The high molecular weight (HMW) complex formed exponentially as a
function of CﬁEB concentration whereas the low molecular weight (LMW) complex increased linearly. These
results suggested that the LMW complex represents CREB monomer whereas the HMW complex emerges
from the cooperative interaction of two CREB monomers to form a dimer. Two copies of the motif-CGTCA-
appear to be necessary for this dimer to form as removal of one motif from the CRE oligonucleotide abolished
the HMW complex. Additionally, this single-motif oligonucleotide was unable to induce transcription in
response to CAMP when placed upsiream of a CAT fusion gene. Although both monomer and dimer bind
with high affinity, it appears that the dimer form is the transcriptionally active form of CREB.
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O 150 THE DNA BINDING SPECIFICITY OF o2 IS ALTERED BY al PROTEIN, Caroline Goutte
and Alexander D. Johnson, University of California, San Francisco, 94143.

The a2 repressor protein of Saccharomyces cerevisiae is a sequence-specific DNA-
binding protein involved in cell-type determination. a2 represses a set of cell-type
specific genes (the a-specific genes) by binding to an operator sequence located
upstream of each target gene. We have found that the binding specificity of a2 is
altered by a second yeast regulatory protein, the al protein. Under the influence of
al, a2 no longer recognizes the sequence upstream of a-specific genes, but instead
acquires the ability to recognize a different DNA sequence found upstream of the
haploid-specific genes. The a2 repressor thus has two distinct binding activities:
the a2 binding activity and the al-a2 binding activity. Both the a2 binding site and
the al-a2 binding site function in vivo to mediate cell-type specific repression of a
test promoter. Thus, the a2 repressor turns off two sets of genes by virtue of its
two binding activities.

O 152 CHARACTERIZATION OF LACTOTROPH-SPECIFIC IN VITRO TRANSCRIPTION OF THE RAT
PROLACTIN GENE, Jennifer F. Krupp and Arthur Gutierrez-Hartmann, Univ. of
Colorado Health Sciences Center, Denver, CO 80262

Expression of the rat prolactin (PRL) gene is restricted to the lactotroph cells of the

anterior pituitary. To study the mechanisms that regulate rat PRL gene expression, we

have established a cell-free transcription system from cultured GH, rat pituitary tumor
cells that faithfully recapitulate the tissue-specific transcription of the rat PRL gene
and we have documented the presence of GH, cell-specific factors that selectively
interact with the rat PRL promoter. Here, we characterize the template, KCl, MgCl,, and

GH, whole cell extract concentrations required for optimal in vitro transcription &f the

rat PRL gene, using the Rous sarcoma virus (RSV) promoter as an internal control. The

data demonstrate the differential salt, factor, and template requirements of the rat PRL
and RSV promoters for efficient in vitro transcription, and reveal the importance of
optimizing the conditions of each promoter being investigated. An  optimized

lactotroph-specific in vitro transcription assay, as described here, provides a

particularly powerful biochemical tool to further address the molecular mechanism

involved in tissue-specific expression.

0 153 EVIDENCE FOR INDEPENDENT REGULATION OF LAMBDA AND KAPPA IMMUNOGLOB-
ULIN GENES, James Hagman and Ursula Storb, Dept. Mol. Gen. & Cell
Biol., University of Chicago, Chicago, IL 60637
The murine lambda immunoglobulin light chain gene cluster shares many fea-
tures with kappa light chain genes, yet the identification of the kappa
enhancer and trans-acting factors has not revealed a similar control for
lambda. Correct expression of stably transfected rearranged lambda genes is
achieved in kappa- or lambda-producing myeloma cells, but only at 0.2-1%
the level of endogenous expression. Addition of the immunoglobulin heavy,
kappa, or SvV40 enhancers increases expression to the level seen in the same
cells with transfected kappa genes. BAn enhancer-like region is present in
the lambda J-C intron, but appears to be non-functional in these late-stage
cells. We are currently seeking additional cis-acting sequences by
enlarging existing clones with DNA derived from murine genomic clones cover-
ing a total of 144kb. Alternatively, cell lines which represent earlier
stages of B cell development are being transfected in light of recent data
supporting the existence of separate Kkappa and lambda B cell lineages.
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O 154 OVEREXPRESSION OF THE TRANSACTIVATION GENE OF SATELLITE PHAGE P4.
Conrad Halling and Richard Calendar, University of California, Berkeley, CA 94720.

Satellite bacteriophage P4 is able to grow lytically only in the presence of a helper bacteriophage, P2. P2 supplies
P4 with the products of the P2 late genes, which are required to make the P4 phage particle and lyse the bacterial
host, E. coli. P4 facilitates its lytic growth by positively regulating the transcription of the P2 late genes, a
process termed transactivation. Transactivation is controlled by the P4 § gene, which codes for a transcription
factor that acts at the late promoters of P2. During infection by P2 alone, P2 late gene expression requires (1) the
product of the P2 ogr gene, which activates transcription of the P2 late genes, and (2) concurrent replication of
P2 DNA, which is controlled by the P2 early A and B genes. 8gp (166 amino acid residues) contains two
regions similar to ogrgp (72 amino acid residues), but § gp can function in the absence of ogrgp and can activate
transcription of the late genes of a replication-deficient P2 helper. Genetic evidence suggests that & gp and ogrgp
interact with o-subunit of RNA polymerase. We have cloned 8 into a A P overproduction vector; after induction
for 3 hr at 42°C, & gp makes up about 1% of total cellular protein. We have initiated the purification of & gp from
cells in which it has been overproduced in order to determine the mechanism by which & gp activates transcription
from the P2 late promoters.

O 155  THE POLYOMAVIRUS ENHANCER COMPRISES MULTIPLE FUNCTIONAL ELEMENTS, John A. Hassell,
William J. Muller and Daniel Dufort, McGill University, Montreal, Quebec, CANADA, H3A 2B4.
The polyomavirus (PyV) enhancer comprises at least three genetic elements. Individual
elements function poorly or not at all to enhance transcription of marker genes, but pair-
wise combinations of any two elements augment transcription nearly as well as all three
elements together do. Each element contains either the SV40 or adenovirus enhancer core
sequence within its borders as well as a common sequence that appears as an inverted repeat
in two of the elements. Two of the enhancer elements have previously been defined as the
auxiliary replication elements alpha (a) and beta (f). Either the a or B element must be
juxtaposed next to the PyV core to form a functional origin for DNA replication. Like the
enhancer elements, the auxiliary elements activate replication independent of orientation
relative to the PyV core. By contrast to their effect on trascription, neither the indivi-
dual auxiliary elements nor a combination of both elements can activate replication from a
distance 200 base pairs removed from the late border of the core, or when placed at the
early border of the core. Factors present in the nuclei of mouse cells interact with the
enhancer elements. We are currently fractionating nuclear extracts to purify these factors
and we are studying their interaction with DNA at the nuclectide level.

0 156 CHARACTERIZATION OF THE UPSTREAM ENHANCER ELEMENTS OF THE RAT
AND MOUSE ALBUMIN GENES, R. S. Herbst, N. Friedman, H. Isom, J. E. Darnel! Jr.,
L. E. Babiss, Rockefeller University, New York, NY 10021.

We have previously analyzed the DNA-protein interactions which occur in the promoter proximal
region (-300 to -50) of the rat albumin promoter that confer tissue specific transcription (Babiss et al.,
Genes and Development 1: 256-267). Using an adenovirus vector system and an SV40-transformed
rat hepatocyte cell line, SV1, we have now identified DNA sequences which are responsible for
maintaining the high rate of transcription from the rat and mouse albumin promoters. These
sequences are located at -2.8kb for the rat albumin gene and -9.5kb for the mouse albumin gene,
relative to the known start sites for albumin transcription. These enhancers do not appear to be related
by sequence comparison, but both increase the rate of transcription and mRNA accumulation by 3-4
fold . Using gel retardation, exo lil stop and DMS protection assays, we have identified at least 3 sites
of DNA-protein interactions that appear to be tissue specific and developmentally regulated. One of
the regions may interact with the ubiquitous protein NF1 since it is competed by a segment of DNA that
is promoter proximal to the albumin gene cap site and known to interact with this protein. Additional
DNA sequences have been identified which may also be responsible for the maintenance of tissue-
specific expression of the endogenous albumin gene. When compared to the liver-specific genes
alpha-1-antitrypsin and transthyretin, at least one region for both the mouse and rat albumin
enhancers may utilize a shared AP-3 like liver specific factor. To begin to understand the complex
DNA-protein interactions that lead to the formation of stable transcription complexes, we have begun
1o analyze the transcription of several liver-specific promoters in vitro. While no evidence for enhancer
activity has been observed in our standard transcription system, we have begun to use histone
assembled templates and fractionated liver extracts as a means of scoring enhancer function.
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O 157 INTERACTION OF THE BACTERIOPHAGE 029 PROTEIN pé WITH DOUBLE-STRANDED LNA.
J.M. Hermoso, M. Serrano, I. Prieto and M. Salas. Centro de Biologia Molecular (CSIC-URM),
Universidad AutSnoma de Madrid, Canto Blanco, 28049 Madrid, Spain.

The B. subtilis phage 929 contains a linear double-stranded DNA with a terminal protein covalen-
tly Tinked to both ends and replicates by a protein-priming mechanism. The viral protein p6,
needed for 29 DNA synthesis in vivo, stimulates replication in an in vitro system with purified
proteins. Furthermore, protein p6 inhibits transcription in vitro fram the 929 early promoter C2
located near the right end of the genome. Binding of protein pp to double-stranded DNA has been
detected by gel retardation assay and induces positive supercoiling to relaxed circular DNA. By
electron microscopy, protein p6é was shown to cover the DNA. DNase I footprint experiments of
protein pé performed with 829 DNA terminal fragments show a regular pattern of hypersensitive
bands spaced about 24 nucleotides along the fragment, flanking protected regions. A regular pat-
tern is also obtained by hydroxyl radical footprinting, in which 3-4 nucleotides long protected
regions are observed along the fragment, spaced about 12 nucleotides. The protected regions are
displaced in one strand with respect to the other in such a way that they lay opposite each other
in the minor groove. These results suggest a helical binding of protein p6 around the 929 DNA
terminal sequences.

0 158 A THR TO ALA EXCHANGE IN THE RECOGNITION a-HELIX OF TET REPRESSOR
DISTINGUISHES BETWEEN A GC AND AN AT BASE PAIR AT POSITION SIX OF
TET OPERATOR, Wolfgang Hillen, Lothar Altschmied, Ralf Baumeister, and Klaus
Pﬂe(i}derer, Lehrstuhl fiir Mikrobiologie, FAU Erlangen, Staudtstr. 5, 8520 Erlangen,
FRG.
The Tnl721- and TnlQ-encoded Tet repressor proteins are able to distinguish efficiently
between the respective tet operator sequences despite of the fact that they differ only by
an AT to GC transition in the sixth base pair. In order to define the sections of the
repressor proteins recognizing this tramsition, invitro recombinants of both tetR  genes
were constructed. Firstly, common restriction sites were introduced in both genes and
secondly, recombinant genes consisting of sequences mixed from both wild type tetR genes
were constructed ip vitro. The resulting mixed genes, in which replacements ranged from
the entire N-terminus of the Tn]Q tefR gene by the Tni721 borne EL_K gene to single amino
acid exchanges, were expressed and their products studied invivo and, after purification,
in vitro for et operator recognition. A single amino acid exchange from Ala to Thr at
position 43 in the recognition a-helix of Tet repressor is able to distinguish between the
AT and GC base pairs at position six of tet operator. However, exchanging this amino acid
along with the entire recognition a-helix3 or with the entire positioning a-helix2 or with
both sequences improves the operator distinction ability of these Tet repressor  variants.
It is assumed that direct contacts of the amino acid 43 and the fine positioning of this
structure mediated by the entire helix-turn-helix structural motif contribute to reco-
gnition at base pair six of tet operator.

O 159 INACTIVATION BY SEQUENCE-SPECIFIC METHYLATION OF THE LATE E2A PROMOTER OF AD2 DNA
IN A CELL-FREE SYSTEM. Arnd Hoeveler, Pawel Dobrzanski, and Walter Doerfler,
Institute of Genetics, University of Cologne, Cologne, Germany.

In the long~term inactivation of viral and non-viral eukaryotic genes, sequence-specific
promoter methylations play an important role. The modification of the three 5'-CCGG-~3' se-
quences at positions +23, +5 and -215, relative to the cap site of the late E2A promoter of
adenovirus type 2 (Ad2), sufficed to silence the gene in transient expression (Langner et
al., PNAS 81, 2950, 1984}, or in mammalian cells (Langner et al., PNAS 83, 1598, 1986) angd
after fixation of the E2A promoter-CAT gene construct in the genome of hamster cells (Miller
and Doerfler, Virology 61, 0000, 1987). The mechanisms responsible for the methylation-in-
activation of promoters are not yet understoed. It was, therefore, necessary to develop a
cell-free transcription system that would respond to a methylated eukaryotic promoter. In
nuclear extracts from HelLa cells the late E2A promoter of Ad2, which was in vitro methylated
at the three 5'~CCGG-3' sequences, exhibited strikingly lower activity than the unmethylated
construct. Circular templates had to be used and the DNA concentration had to be kept at a
critical level. This system may enable us to determine cellular factors that play a role in
responding to methylated nucleotides at specific sites in a promoter and in turning off or
reducing the activity of such a promoter. In work on the direct effect of sequence-specific
promoter methylations on protein binding to the late E2A promoter, we have failed to detect
differences between the unmethylated and the 5'-CCGG-3' methylated constructs (Hoeveler and
Doerfler, DNA 6, 449, 1987). It will be the aim of further studies to identify and isolate
such factors and add them to the in vitro system to elucidate their functions directly.
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0160 Mutations within conserved regions of the GAL4 binding site.
Melvyn Hollis and Mark Ptashne, Department of Biochemistry and
Molecular biology, Harvard University, 7 Divinity Ave, Cambridge, MA 02138.

The yeast activator protein GAL4 stimulates transcription of five enzymes
involved in galactose catabolism by binding to sites found upstream of each
gene {1). Comparison of the naturally occurring GAL4 binding sites {2,3)
reveals two regions of striking sequence conservation within the 17 base-—
pair sequences. Firstly the outer three bases of each half-site (reading 5°'
to 3') are almost exclusively C-G-G, and secondly the central base is
almost always a T or an A. Using a near-consensus reference GAL4 binding
site, we have made all possible single and double-symmetric changes in the
conserved regions. The mutant sites have been assayed for their ability to
bind GAL4 by in vitro DNase footprinting using an amino terminal fragment
of GAL4 (amino acids 1 to 147) purified from E. coli (H. Kakidani and M.
Ptashne, unpublished). A number of the sites have been assayed for UAS
activity in yeast and these data will also be presented.

References

(1} Johnston,M. (1987) Microbiological Reviews (in press).

(2) Giniger,E., Varnum,S.M. and Ptashne,M. (1985) Cell 40 767-774.

(3) Bram,R.J., Lue,N.F. and Kornberg,R.D. (1986} EMBO J. 5 603-608.

O 161 AN UPSTREAM REGULATORY FACTOR (ATF) FACILITATES INTERACTIONS OF THE TATA
FACTOR (TFIID)_AND OTHER B%SIC TRANSCR%PTION COMPQNENTS WITH THE AD%NOV{RUS
E4 PROMOTER. M. Horikeshi™, T.-Y. Hai“, Y.-S. Lin®, M. Green®, and R.G. Roeder'. Lab-~

oratory of Biochemistry and Molecular Biology, The Rockefeller University, New York, NY
10021, “Department of Biochemistry and Molecular Biology, Harvard University, Cambridge,

MA 02138.

Transcription from the E4 promoter is stimulated markedly, both in vivo and in vitro, by
upstream promoter and enhancer elements (K. Lee and M. Green, EMBO J 6:1345, 1987) which
recognize a common cellular transcription factor designated ATF. Both highly purfied

ATF and partially purified TFIID (TATA recognition factor; N. Nakajima, M. Horikoshi, and
R. Roeder, unpublished) bind independently to the E4 promoter. However, cooperative in-
eractions between ATF and TFIID are observed (cf. M. Sawadogo and R. Roeder, Cell 43:165,
1985) when both are present simultaneously, as evidenced both by altered interactions of
TFIID downstream of the initiation site and by increased ATF interactions at one of the
upstream sites. These ATF-TFIID interactions in turn facilitate recognition by RNA poly-
merase II and factors IIB and IIE, as evidenced by further alterations in DNase footprint
patterns when these factors are present. Visualization of these latter interactions de-
pends on the presence of multiple ATF sites and purified ATF. These results suggest that
ATF stimulates transcription from the E4 promoter by alterations in the TFIID interactions,
which in turn facilitate productive interactions with the remainder of the basic transcrip-
tional machinery, and they provide a general model for the action of other upstream regula-
tory proteins in stimulating promoter activity (transcription).

O 162 CIS- AND TRANS-ACTING FACTORS ESSENTIAL FOR RAT INSULIN II GENE EXPRESSION,

Young-Ping Hwung, David T. Crowe, Lee-Ho Wang and Ming-Jer Tsai, Department of
Cell Biology, Baylor College of Medicine, Houstom, TX 77030.

Three regions, =260 to -253 , -101 to -92 and -53 to ~46 have been determined as
essential for the expression of the rat insulin II gene by transfecting linker-scanning
mutants into HIT cells, a hamster insulinoma cell line. Band-shifting and DNase I foot-
printing assays were employed to detect factors binding to the critical promoter element
from -53 to -46. A binding activity which footprints the region between -60 and -40 was
found in both HIT and Hela cells. The mutation in this region which greatly decreased the
promoter activity in transfection experiments also significantly reduced the binding
activity, suggesting that this binding factor may play a functional role in the expression
of the rat insulin II gene by binding to the critical region. This binding activity has
been purified from HeLa cells. It co-purified with the COUP (chicken ovalbumin upstream
promoter) transcription factor, a DNA binding protein which is required for efficient
tanscription of the chicken ovalbumin gene in vitro. The footprint sequences of the COUP
transcription factor in the insulin and ovalbumin promoters share limited similarity, but
competition and renaturation analyses demonstrated that the insulin promoter binding
factor is the same as the COUP transcription factor. The modes of binding revealed by the
purine and phosphate contacts indicate that the COUP transcription factor binds to the two
promoters in generally similar manners, but there are some major differences. The most
striking difference is that the COUP transcription factor wraps around the ovalbumin
promoter, whereas it binds to only one face of the DNA duplex on the insulin promoter.,
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0 163 MULTIPLE DNA-PROTEIN BINDING DOMAINS INTERACT TO MODULATE CELL-SPECIFIC AND
c~-AMPRESPONSIVE EXPRESSION OF THE GLYCOPROTEIN HORMONE a-GENE, J. Larry Jameson, J.
Paul J. Deutsch, Alvin C. Powers, and Joel F. Habener, Thyroid Unit and Laboratory of
Molecular Endocrinology, Massachusetts General Hospital, Boston, MA 02114,
The human glycoprotein hormone a-gene is a cAMP-responsive gene expressed specifically in
pituitary and placenta. Control sequences from the a-gene were characterized in transient
expression assays using deletions of the 5'-flanking sequence linked to the chloramphenicol
acetyl transferase (CAT) coding sequence. The a-gene sequence between -236 and -100 confers
both tissue-specific expression and cAMP-responsiveness to the a-promoter and to several
heterologous promoters (glucagon, somatostatin, SV40, chorionic gonadotropin-B). The a-gene
and somatostatin promoters were most receptive to modulation by the a-gene enhancer. The
cAMP-response element (CRE) (-146 to ~111) corresponds to an 18 bp repeated sequence
containing a palindrome, TGACGTCA. An up- stream enhancer sequence (UES; -169 to -147)
adjacent to the CRE confers cell-specific expression, but requires the CRE for function with
heterologous promoters. DNase I footprinting of the a-gene sequence between -236 and -100
demonstrates two major pro- tected regions: -178 to -136 corresponding to the upstream
enhancer sequence (UES) and -146 to -112 corresponding to the 18 bp repeated sequences that
contain cAMP-responsive enhancer (CRE). Binding to a DNA fragment (-236 to -100) that
contains both the UES and CRE domains was 10-fold more effective than that using either
fragment alone. In summary, there are multiple adjacent DNA-protein binding domains in the
human a-gene that interact to facilitate protein binding and to synergistically stimulate
transcription.

O 164 PHORBOL ESTER REGULATION OF MURINE INTERLEUKIN-2 TRANSCRIPTION, David Jensen, Bart

Kleyn and Julianne Sando, University of Virginia, Charlottesville, VA 22908.
Phorbol Esters (PE) cause multiple effects in sensitive mouse EL4 thymoma cells. Among
these is the accumulation of mRNA for several lymphokines including Interleukin 2 (IL2) and
Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF). Past work on the PE signal
transduction pathway has identified early events associated with activation and transloca-
tion of Protein Kinase C to membrane, and intermediate steps blocked by inhibitors at
specific times (eg. a pretranscriptional protein synthesis-sensitive step occurs between 1
and 2 hours after PE addition [Harrison et. al, J. Biol. Chem., 262, 234, 1987]). Invest-
igation of mechanisms for the signal transduction to nuclei have yielded evidence against
existence of PKC in nuclei of EL4 cells or translocation of the enzyme to nuclei following
exposure of the cells to PE [Jensen and Sando, Cancer Res. 47, 3686, 1987]. This suggests,
instead, that a substrate(s) may be necessary for the signaling process. Because the PKC
pathway diverges at the level of substrates, it is difficult to identify and follow only
those substrates involved in the PE signal to the nucleus.

Thus, the identification of factors involved in the distal end of the PE signaling
pathway is being pursued. Nuclear run-on experiments have confirmed that the increase in
IL2 and GM-CSF mRNA seen in these cells is due to an increase in the transcription rate.
Current work is addressed at identifying factors present in phorbol ester-treated (not
control) cells which can stimulate transcription of IL2Z and GM-CSF in vitro.

O 165 THE SI1-SENSITIVE FORM OF d(C-T),, d(A-G),, IN PLASMIDS: CHEMICAL PROBING RESULTS
SUPPORT A TRIPLE-HELICAL MODEL. Brian Johnston. Dept. of Biology. MIT. Cambridge. MA 02139,

Homopurine/homopyrimtidine (Pu/Py) sequences are frequently found in flanking regions of eukaryotic genes. often
near or within promoter regions. Some of these sequences are sensitive to S| nuclease both in vivo and. in super-
coifed plasmids. in vitro.  One Pu/Py sequence derived from the 3° flanking region of a human Ul gene.

d(C-T),y'd(A-G),,. undergoes a transition to an altered. underwound structure which is sensitive to a variety of
single-strand-specific nucleases under the influence of mildly acid pH and/or supercoifing (Htun et al.. PNAS 81,
7288-7292. 1984). 1 have used chemical probes which are sensitive to unusual DNA conformations (Johnston and
Rich. Cell 42. 713-724, 1985) to examine the region of the U}l gene containing this sequence in a plasmid provided
by H. Hitus and J.E. Dahlberg. The d(C-T),, d(A-G), sequence exhibits hyperreactivity to hydroxylamine.
methoxylamine, osmium tetroxide and diethyl pyrocarbonate (DEP) under conditions of pH 6 or lower and a negative
superhelical density of 0.05 or higher. The patterns of reactivity in the purine and pyrimidine strands are distinctly
different.  On the CT strand there is a region of hypersensitivity in the middle and at one end of the CT tract.
while the AG strand shows hyperreactivity to DEP from one end up to and including the middle of the AG tract.
Under some conditions there are nearby regions of hypersensitivity indicative of other secondary structures as well.
These results provide considerable support for the model proposed by Lyamichev er al. (J. Biomol. Struct. Dynam.
3. 667-669. 1986) for CT/AG sequences. in which the C-T double-helix disproportionates imto a triple-helical region
and a single-stranded region. In the case of the Ul CT/AG sequence. 1 find that only one of the two possible
isomers of this structure is formed at significant levels.
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0O 166 INTERACTIONS OF GAL4 PROTEIN WITH DNA AND OTHER PROTEINS. Stephen A. Johnston,
John M. Salmeron, Scott Langdon, Jackie Bromberg and Chris Corton. Duke Univer-
sity, Durham, N.C. 27706.

We are studying three activities of the positive regulatory protein, GAL4, from yeast:

1) How does GAL4 bind DNA, 2) How does GAL4 interact with the negative regulator GALS(O

and 3) With what transcriptional factors does GAL4 interact. We have proposed that the

DNA binding specificty of GAL4 protein is not conferred by the cysteine finger motif but

by the region immediately downstream. We present experiments that test this hypothesis.

We have developed an in-vitro assay of GAL4-GAL80 protein interaction., We have used this

assay to demonstrate that the binding of GAL80O to GAL4 and its repression of GAL4-mediated

transcriptional activation are separable functions. We have used a genetic selection

for genes which encode transcriptional factors interacting with GAL4. We present the

characterization of these factors.

O 167 SEQUENCE SPECIFIC DNA-BINDING PROTEINS IN DEVELOPING SEEDS OF BRASSICA NAPUS
L-G Josefsson, M.L. Ericson, M. Ellerstrdm, H-O Gustafsson, M. Lenman, E. Murén,
J. Rddin, K. St3hlberg and L. Rask.
Dept of Cell Research, Swedish University of Agricultural Sciences, Uppsala Bio-
medical Center, Box 596, S~75124 Uppsala, Sweden

We have detected several DNA-binding proteins present in developing seeds and capable of
interacting with short ds oligonucleotides in a sequence specific manner. The different
oligo used contain sequences found in the upstream (promotor) region as well as downstream
from agene encoding a major rapeseed storage protein, Napin. We are presently performing
correlative studies (between expression and presence/activity of the binding proteins) and
are also trying to establish a functional assay system (in vitro initiation/transcription)
in order to assertain a role for these proteins in the regulation of the storage protein
genes. Compared to other plant gene systems, the above is the first description of a gene
which binds several distinct factors, the potential function of which are to regulate its
expression.

O 168 BOTH PROMOTER AND ENHANCER OF IMMUNOGLOBULIN GENES ARE TARGETS FOR SUPPRESSION

MECHANISM IN SOMATIC CELL HYBRIDS BETWEEN MOUSE MYELOMA CELLS AND MQUSE FIBROBLASTS.
Steffen Junker, Viggo Nielsen, Didier Picard, and Patrick Matthias, Institute of Human
Genetics, University of Aarhus, DK-8000 Aarhus C, DENMARK.

When immunoglobulin-producing B-cells are fused with fibroblastic cells, expression of
immunoglobulins gets suppressed by a mechanism that selectively abolishes transcription
of immunoglobulin genes. We have used gene transfection followed by cell fusion to define
regulatory elements within the immunoglobulin transcriptional unit involved in that down-
regulation. The transcriptional contributions of the heavy chain enhancer element and the
Kappa light chain promoter were tested individually by fusing cloned, stably transformed
mouse myeloma cells with mouse cl. 1D cells. To avoid significant loss of chromosomes,
hybrid cells were isolated shortly after fusion by fluorescence-activated cell sorting
and harvested within 2-3 weeks thereafter. On the basis of RNase protection mapping and
of nuclear run-on assays, we show that both the kappa light chain promoter and the Ig
heavy chain enhancer contain regulatory information that is made redundant or suppressed
in the hybrid environment.
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Q169 ISOLATION OF A FUNCTIONAL HUMAN GENE FOR BRAIN CREATINE KINASE, Ghaleb H.
Daouk, Rima Kaddurah-Daouk*, Robert Kingston* and Paul Schimmel,
Massachusetts Institute of Technology, Cambridge, MA 02139, and *Massachusetts General
Hospital/Harvard Medical School, Boston, MA 02114.
There is evidence that the gene for the B-isozyme of creatine kinase is regulated
during cell differentiation, is under hormonal control, and is activated in a small
cell lung carcinoma. In order to investigate further the mechanisms of these
processes, the human gene was isolated and the structure of the promoter region was
determined. A human DNA fragment of 8 kbp was shown to encompass the entire coding
region and 850 bp of 5/-flanking sequence. This fragment was transfected into 3 cell
lines and shown to express functional enzyme. The 5’ -~end of the gene is split by a
230 bp intron that is located 12 bp upstream of the initiator ATG codon.
Transcription initiation occurs at a site that is approximately 69 bp upstream of the
5’-end of this intron. The DNA sequence in the region upstream of the 5’/-end of the
nRNA is suggestive of two superimposed promoters that contain additional sequence
elements that are known to regulate expression of other eukaryote genes. The 5/~
region also has a remarkable homology to the overlapping promoters of the adenovirus
EIlaE gene. These elements collectively form the basis for initial investigations of
this gene’s control mechanism.

O 170 SITE-SPECIFIC INTERACTION OF FIS PROTEIN WITH DMA AND CLONING OF THE fis GENE,
Christian Koch, Falko Rudt and Regine Kahmann, Institut fir Genbiologische For-
schung Berlin GmbH, D-1000 Berlin 33 (West).

Host range switching in phage Mu is controlled by the site-specific inversion of the G seg-

ment. Inversion is catalyzed by the phage coded DNA invertase Gin which interacts specifical-

ly with the two recombination sites (IR). Recombination is greatly stimulated by acis acting
seguence that acts relatively independent of distance and orientation with respect to IR and
has been termed recombinational enhancer. The stimulatory effect is mediated by a host pro-
tein termed FIS. FIS interacts with three sites within the enhancer, the binding is non-co-
operative. Binding induces a conformational change in DNA and we demonstrate that a specific
type of bending is prerequisite for enhancer function. Using synthetic oligonucleotides we
have cloned the fis gene of E. coli. The protein is structurally unrelated to class II DNA
binding proteins like HU and IHF. We propose a model for the interaction of FIS with the en-
hancer and speculate on possible roles for FIS in E. coli.

O 171 INDIVIDUAL INSULIN ENHANCER MODULES INTERACT WITH A B-CELL
SPECIFIC PROTEIN AND MEDIATE POSITIVE B-~CELL SPECIFIC

REGULATION OF TRANSCRIPTION,Olof Karlssoh,Helena Ohlssoﬁ,
Michael D. Walkeg and Thomas Edlun&,ﬁept. of Microbiology,

University of UMEA,UMEA S90187,SWEDEN,Bept. of Biochemistry,
Weizmann Institute of Science,Rehovot 76100,ISRAEL.

The rat insulin enhancer has been shown to be of a mosaic structure
and the cis-acting elements of importance for the enhancer activity
have been defined. Two short 9bp sequences designated IEB1 and IEB2
are of crucial importance for the enhancer activity since mutation of
either sequence leads to a 10-fold decrease in activity and the double
mutant eliminates all enhancer activity.We demonstrate that synthetic
oligonucleotides carrying either IEBl or IEB2 can confer B-cell
specificity on a heterologous promoter and when combined restore a
significant part of the insulin enhancer activity.In addition we have
shown that these two sequences interact with an identical or very
similar B-cell specific nuclear protein designated 1EFl.We propose
that the interaction of IEF1 with IEB1 and IEB2 control the p-cell
specific activity of the insulin gene enhancer.
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0172 MUTATIONS IN THREE DIFFERENT UPSTREAM ELEMENTS INHIBIT THE ACTIVITY OF THE MOUSE
a2 (I) COLLAGEN PROMOTER, G. Karsenty, P. Golumbek, A. Hatamochi and

B. de Crombrugghe, The Univergsity of Texas M. D. Anderson Hospital and Tumor Institute.

The promoter of the mouse a2 (I) collagen gene contains at least three different positive
cis-acting elements in addition to the TATA box between +1 and -350. A cell specific
enhancer element is also present in the first intron of this gene. The first of these
promoter elements contains a CCAAT sequence between -80 and -84, This element binds a
factor consisting of two different components which are both needed for DNA binding. Four
different point mutations in the CCAAT motif, which strongly inhibit binding of this CCAAT
binding complex, each decreases the activity of the promoter at least 8~fold when assayed
by DNA transfection of NIH 3T3 fibroblasts. The second cis-acting element is located
around -250. Two mutations in this element, one a 3 bp and another a 4 bp substitution
decrease the activity of the promoter in DNA transfection experiments by about 8-fold. A
fragment which contains one of these mutations does not compete for binding of a protein to
the wild type sequence around -250. The third element is located between -315 and -295 and
binds NF1. Both one bp and two bp mutations in this site decrease the activity of the
promoter 8- to 10-fold in DNA transfection assays and inhibit binding of NF1. This element
also mediates the activation of the a2 (I) collagen promoter which is produced by treatment
of fibroblasts by TGF-R. Our results indicate that the integrity of each of these three
cis-acting elements 1is required for optimal activity of this promoter and suggest
cooperativity between the three different promoter DNA binding factors in the formation of
a transcription initiation complex.

0173 INDUCTION OF THE C-FQS GENE AT BIRTH IS ASSOCIATED WITH AN
INDUCIBLE NUCLEAR BINDING PROTEIN(S). John Kasik, Ben-Zion Levi,
Peter Burke and Keiko Ozato, NICHD, NIH, Bethesda, MD, 20892,

c-fos, the cellular homologue of the viral oncogene v-fos, codes for a 55 kD nuclear binding
protein. In mice,there is low constitutive expression of the gene during the perinatal period
with a 10- to 40-fold induction occuring on the day of birth. To further define the events
involved in the induction of this gene, nuclear extracts were prepared from mouse liver
according to the method of Gorski, et al. (Cell 47:467). Tissue was collected at 19 days
gestation, on the day of birth, at 7 days of age and from adult mice. A radiolabeled 105 bp
Ava II - Nae I fragment probe containing murine c-fog enhancer elements was prepared and gel
retardation experiments were performed. Three regions were identified which could be competed
away using an unlabeled 34 bp synthetic oligonucleotide which corresponded to the serum
response element. Region one was the uppermost set of bands. These were most intense in
adult tissue and of diminished intensity in 19 day, day of birth and 7 day tissues. Region two
consisted of multiple bands which were expresssed with equal intensity at all four ages. Region
three bands were weakest in adult tissue and of low intensity in day 19 and day 7 tissue.
These bands were very intense on the day of birth. No regions were identified which could be
competed away with unlabeled nonspecific synthetic oligonucleotide or with synthetic
oligonucleotide specific for sequences of the 5’ regulatory region of c-fos gene. = The prominence
of region three on the day of birth suggests that this protein is involved with the induction of
c-fos gene.

O 174 REGULATORY EFFECT OF Ap4A AND ITS BINDING PROTEIN ON THE INITIATION OF DNA REPLICA-
TION, K. Kuratomi and Y. Kobayashi, Tokyo Medical College, Tokyo 160, JAPAN
It was shown in our exper1menta1 resu]t (1) that the exsistence of Tow concentrat1on(10 to
1079M) of diadenosine 5',5'''-P', P4 -tetraphosphate (Ap4A) stimulated the initiation of DNA
replication on pSY317 DNA conta1n1ng oriC (2) in the presence of fraction II (3}. Basing on
this result, the analysis of a DEAE-cellulose column chromatogram fraction from fraction II
with preparative isoelectric focusing electrophoresis indicated that the Apd4A-binding
activity occurs in both acidic and basic fractions {pl=4 and 8). Further fractionation of
the acidic fraction revealed that three proteins [fraction A (64KDa), gractlonzﬁ (40KDa) and
fraction C (14KDa)] have Ap4A-binding activity in the presence of Mn or Fe“ and DTT or
gluthathione. The Ap4A-binding activity of the fraction B was enhanced in the presence of
dnaA protein or cAMP while DNA polymerase I and cGMP were inhibitory and GMP had no effect.
On the other hand, the fraction B also stimulated the conversion of the superhelical pSY317
to relaxed form with topoisomerase I. The addition of Ap4A further increased this activity.
Both topoisomerase I and RNase H were found to be the factors which determine the speci-
§'c1ty of the initiation of DNA replication from oriC (4). Since the coexistence of Ap4A, Fe
and Ap4A-binding fraction B in the oriC-initiation assay system stimulated the initiation
activity, the above results may suggest that ApdA-binding protein and Ap4A participate in
the regulatory mechanisms of the initiation of DNA replication.
(1) Kobayashi & Kuratomi (1985) 13th Intl. Cong. Biochem., TU-021, p.235. (2) Yasuda &
Hirota (1977) PNAS 74, 5458. (3) Fuller, Kaguni & Kornberg (1981) PNAS 78, 7370. (4) Fuller
et al. (1983) Machanisms of DNA Replication and Recombination p.275, Alan R. Liss, Inc., NY,
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0175 SCREENING FOR NOVEL TYPE II RESTRICTION ENDONUCLEASES, Christoph Kessler,

Bryan J. Bolton, Klaus Kaluza, Gabriela Herz, Michael Jarsch, Gerhard Berger
and Gudrun Schmitz. Boehringer Mannheim GmbH, Biochemica Forschung, Nonnenwald 2, D-
8122 Penzberg, FRG.
We have screened 760 different non-pathogenic bacteria of the groups listed below for
the presence of potentially new type II restriction endonucleases. Among all
Enterobacteriaceae and Lactobacillaceae screened we could detect only few site-
specific activities, whereas in all other groups we found a high number of species
producing different type Il restriction endonucleases: Actinomycetes: 99/171 (58%)
Bacillaceae: 37/64 (58%); Cytophagaceae: 17/18 (94%); Enterobacteriaceae: 2/83 (2%)
Lactobacillaceae: 0/31 (0%); Pseudomonaceae: 5/38 (13%); Rhizobiaceae: 9/18 (50%)
Streptococcaceae: 16/34 (47%); Acinetobacter: 11/26 (42%); Achromobacter: 93/221
(42%); Flavobacteria: 4/15 (27%). Data on new specificities are presented (1,2). In
more detail a new class IIS restriction endonuclease, Ksp632I, with novel sequence
specificity, discovered in Kluyvera species is described. Ksp632I recognizes the
following assymmetric hexanucleotide sequence and cleaves 1 and 4 nucleotides,
respectively, distal from the recognition sequence: 5’-GTCTTCN/NNN-N-3’

37 -CAGAAGN-NNN/N-5' .

Ksp6321 may complement class IIS enzymes in the universal restriction approach and as
a tool for generating defined unidirectional deletions or insertionms.
1. Kessler, C., Neumaier, P.S. and Wolf, W. Gene 33 (1985) 1-102.
2. Kessler, C. and Hdltke, H.-J. Gene 47 (1986) 1-153.

O 176 IDENTIFICATION OF KINASE C REGULATED TRANS-ACTING FACTORS CONTROLLING C-MYC GENE

EXPRESSION, A. Christie King, Wellcome Research Laboratories, Research Triangle
Park, North Carolina 27709. Phorbol esters and growth factors that stimulate
phosphoinositide metabolism and generate the second messenger diacylglycerol (DG)
stimulate transcriptional activation of a class of cellular oncogenes encoding for DNA
binding proteins. Both phorbol esters and DG activate the calcium and phospholipid-
dependent protein kinase C, an enzyme implicated to regulate c-myc gene expression.
Analysis of the primary sequence of Kinase C predicts the presence of a putative DNA
binding domain. In this study, we have purified Kinase C to apparent homogeneity and
studied whether this enzyme is capable of binding directly to DNA in vitro. The purified
enzyme has both caleium, phospholipid-dependent kinase activity and nonspecific DNA
binding measured using DNA cellulose chromatography and a nitrocellulose filter assay.
Protein blots of purified Kinase C hybridized with DNA probes support the notion that the
holokinase (M, 76 kD) is a DNA binding protein. The kinetics of inactivation of both
activities by heat are identical. These data are among the first to suggest a nuclear
location for Kinase C. Evidence that Kinase C is translocated to a nuclear site resistant
to nonionic detergents after activation with phorbol esters will be presented. Using a
nitrocellulose filter absorption assay, gel electrophoresis, and DNAse protection we have
evident that Kinase C cooperates with other cellular factors to bind selectively to
regulatory sequences in c-myc.

O 177 A CCAAT BINDING PROTEIN MEDIATES THE TRANSCRIPTIONAL RESPONSE OF THE HUMAN
THYMIDINE KINASE PROMOTER DURING THE CELL CYCLE. G.B. Knight, J.M. Gudas, and
A.B. Pardee. Dana Farber Cancer Institute, Boston, MA 02115.

Thymidine kinase (TK) expression parallels the onset of DNA synthesis. Both transcrip-
tional and posttranscriptional controls appear to be involved in the more than 20 fold
increase in TK mRNA observed at the beginning of S phase. Sequences in the 5' flanking
region of the human TK gene have been shown to be important for transcription. An electro-
phoretic mobility shift assay was used to detect nuclear protein binding to the TK
promoter. Throughout the Gy to S phase transition, multiple specific nucleoprotein
complexes were observed, although their abundance changed temporally. At the G1/S
boundary, the pattern of bound complexes found during G; changes dramatically to
complexes of smaller apparent size. This change correlates well with the previously
observed increase in TK mRNA transcription at this time. Using methylation interference
assays, the binding site was determined to be an inverted CCAAT sequence. A pair of
inverted CCAAT boxes located at -67 and -36 are contained within 19 bp repeats. To
demonstrate the functional importance of the inverted CCAAT boxes to the cell cycle
regulated transcription of TK mRNA, normal and mutant TK promoter/chloramphenicol
acetyltransferase (CAT) gene chimeras were constructed and tested.
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0178 HOMOPURINE-HOMOPYRIMIDINE SEQUENCES: FORMATION OF THE TRIPLE-HELICAL STRUCTURE
IN SUPERCOILED PLASMID DNA AND EFFECTS ON THE LEVEL OF GENE EXPRESSION.

Yoshinori Kohwi and Terumi Kohwi-Shigematsu, La Jolla Cancer Research Foundation, La Jolla,
CA 92037.

Homopurine-homopyrimidine sequences found in promoter-regulatory regions of various
eukaryotic genes are known to adopt a non-B DNA structure in supercoiled plasmid DNA. With
the use of bromoacetaldehyde (BAA), a chemical specific for unpaired DNA bases, and
subsequent use of S1 nuclease to cut the BAA-modified DNA, we previously reported that
poly(dG)-poly(dC) sequences not only adopt BAA-reactive structure, but also induce their
neighboring sequences to adopt such non-B structure. We have devised a chemical method to
cleave DNA at the BAA-modified DNA sites and those of its analogue, chloroacetaldehyde
(CAA), without the subsequent use of S1 nuclease. Using this alternative method, we found
that, under torsional stress, a poly(dG)-poly(dC) sequence can form a dynamic structure
containing triple strands. A specific triplex, either poly(dG)-poly(dG)-poly(dC) or
poly(dC)-poly(dG)-poly(dC), is formed depending on pH and the presence or absence of
magnesium ions. Interestingly, the formation of either triplex structure also depends on
which DNA strand (top or bottom) is homopurine or homopyrimidine. A transfection experi-
ment using the chloramphenicol transferase (CAT) gene fused to homopurine-homopyrimidine
sequences revealed that this type of sequence had a dramatic enhancement effect on the
level of CAT gene expression.

0179 POSITIVE INTERACTIONS BETWEEN CAP AND RNA POLYMERASE ON BINDING AT
THE £.A4C PROMOTER, Annie Kolb, Malcolm Buckle and Henri Buc, INSTITUT
PASTEUR, 75724 PARIS CEDEX 15, France

Activation of transcription by the CAP protein in the presence of CAMP is a multistep
process. /7 vitra we have found that activation already occurs at the level of closed
complex formation for the Jac and ¢/ promoters, but can extend until the escape of
the enzyme from the open complex in the case of the mz/7 promoter. In order to
determing whether CAP protein rnoves along with RNA polymerase during the early
stages of transcription, we have analysed using specific antibodies the protein content
of inftiation and elongation complexes observed in gel retardation assays.

The approach allows a quantification of the positive interactions between CAP and

polymerase at those various steps.

O 180 MULTIPLE TRANS-ACTING FACTORS BIND TO THE RAT ELASTASE I

ENHANCER AND PROMOTER. Cynthia T. Komro, Carolyn H. Michnoff, Fred
Kruse and Raymond J. MacDonald. University of Texas Southwestern Medical
Center, Dallas, Texas 75235.
Elastase I (EI) is specifically expressed in the acinar cells of the
exocrine pancreas. At least three distinct cis-acting elements are
responsible for EI expression in pancreatic 266-6 cells (Kruse, F., Komro,
C.T., Michnoff, C.H., and MacDonald, R.J., Mol. Cell. Biol., in press).
Two of these elements lie within the tissue-specific EI enhancer and the
third is located at the enhancer/promoter boundary. DNase I protection
studies with nuclear extracts from pancreatic cells showed that factors
bind to at least 5 discrete regions in the three elements. Two regions
within 50 base pairs upstream of the transcriptional start site were salso
protected. Some mutations within the three cis-acting elements reduced
protection of the corresponding regions from DNase I. Thus, we propose
that specific proteins bound to the EI enhancer and promoter are involved
in the transcriptional regulation of the EI gene. To investigate the
presence of tissue-specific factors, liver extracts were compared to
pancreatic extracts. All of the DNase I footprints seen with pancreatic
extracts were also detected with liver extracts. A factor detected in
liver but not pancreatic extracts bound to a region in the enhancer which
does not appear to be involved in transcriptional regulation.
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O 181  TISSUE SPECIFIC DNA-PROTEIN INTERACTIONS AT THE D-J-REGION OF THE MURINE IMMUNOGLOBU-
LIN HEAVY CHAIN LOCUS, Andreas H. Kottmann, Hermann Eibel and Georges Kbhler, Max-

Planck-Institut fur Immunbiologie, Stlbeweg 51, 7800 Freiburg, Federal Republic of Germany.
We are interested in the identification of (pre-B-) lymphocyte specific DNA-binding proteins
involved in the ordered assembly of Ig-genes. In a first step we analyzed their potential
binding sites at the Ig-heavy chain locus by screening the entire 3600 bp 19ng region between
the most proximal diversity element DQs2 and the heavy chain enhancef fqr tissue specific
DNA-protein interactions. The complete region was subcloned as restriction fragments of- about
220 bp in length and subjected to gel retardation- and DNA-foot print analysis using nuclear
extracts from pre-B- and liver cell origin. The surprising result shows that all but two frag-
ments interact with non-histone nuclear proteins. Out of a total of 16 fragments two carry
(pre-B ) lymphocyte and four liver cell specific protein binding sites. Eight fragments show
binding to nuclear proteins of lymphocytes as well as of liver cells. The lymphocyte specific
interactions, however, take place at sites located 5' to D- and J-elements, whereas the liver
cell specific interactions employ sites located 3' to the J-segments. We are now in the pro-
cess of purifying (pre-B-) lymphocyte specific factars and of cloning their genes.

0 182 DNA TWISTABILITY AFFECTS THE AFFINITY OF 434 OPERATOR FOR 434 REPRESSOR, G.B.

Koudelka, P. Harbury, S. Harrison, M. Ptashne, Harvard Univ. Cambridge MA. 02138.
When 434 operator is bound to 434 repressor, the DNA, near the center of the operator, is
overwound and the minor groove is compressed”, Additionally, the operator is gently bent
sround the protein. Evidently, on or all of these DNA deformations are required so that
the '’'recognition helix’’, present in each monomer of the bound dimer, can make optimal
contacts within each half-site of the dyad symmetric binding site. We have shown that the
central four bp of the operator are not contacted by repressor, nevertheless, the
operliot's affinity for repressor is determined (in part) by the composition of these base
pairs”. We have suggested that the base compostions near the center of the operator af-
fects the operator's affinity for repressor by altering the ease with which the operator
can be overtwisted and/or bent. We show here that both DNA flexibility and repressor flex-
ibility influence the strength of the repressor-operator interaction: an operator with a
single-stranded nick at its center has a higher affinity for repressor than does the intact
operator: and a repressor bearing a mutation that presumably results in a relaxed dimer in-
teraction is less sensitive tham is wild-type to changes in the flexibility of the opera-
tor. We show that the central base pairs effect on operator affinity is independent of the
slight overall bend of the operator seen in the repressor-operator complex. The effects on
affinity that result from changes at the central operator positions are independent of the
neighboring sequences, suggesting that the structure of the base pairs, not interactions
between them, are responsible for the different twistabilities of different operators.
R 1. Anderson, J.E., et al. (1987) Nature 326, 846-852. 2. Koudelka, G.B., et al.
(1987) Nature 326, 886-888.

0O 183 ACTIVATION OF TRANSCRIPTION FACTOR IIIC BY THE ADENOVIRUS ElA PROTEIN,
Robert Kovelman, Warren K. Hoeffler, and Robert G. Roeder, The Rockefeller
University, New York, NY 10021.

The factor(s) responsible for the adenovirus ElA-stimulated transcription of RNA

polymerase III genes was localized previously in a chromatographic fraction containing

transeription factor IIIC (TFIIIC). In further studies of HeLa cell extracts, two
distinct forms of TFIIIC, which were chromatographically separable, generated VA; RNA
gene-protein complexes that were distinguished by electrophoretic mobility shift
assays. The form of TFIIIC which generated the more slowly migrating promoter complex
had greater transcriptional activity in vitro. DNase I protection and methylation
interference assays did not reveal any differences in the binding sites of the two
forms, but the transcriptionally more active form associated more rapidly with the
promoter and formed a more salt resistant complex. A dramatic increase in the amount
of the more active form of TFIIIC resulted from either ElA expression during infection
or growth of the cells in a higher concentration of serum, and correlated with an
increase in transcription in the extracts, whereas template commitment assays indicated
that overall TFIIIC concentrations remained unchanged during viral infection.
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O 184 OVEREXPRESSION OF THE HUMAN ESTROGEN RECEPTOR IN CHO CELLS. Peter J.
Kushnerl, John Shinel, John D. Baxterl, and Geoffrey L. GreeneZ,
1. U.C.S.F, San Francisco, CA 94143, and 2. University of Chicago, Chicago,
ILL, 60637.
In order to prepare large amounts of the human estrogen receptor (ER) for
biochemical and physical studies we have employed the cloned ER sequences to
construct Chinese Hamster Ovary (CHO) cell line derivatives that overexpress
the ER. The human metallothionein IIA promoter augmented with the SV40
enhancer was employed to drive transcription of the ER ¢DNA. Initial pools
of neo’ CHO cells were derived by co-transfection with the ER vector along
with pSV2neo and a plasmid spanning the complete human metallothionein IIA
gene as a potential marker for gene amplification associated with selection
for cadmium resistance. Cells from the initial pools contained up to 3 pM
of receptor per mg cell protein, several fold more than MCF7 breast tumor
cells, and responded to selection for cadmium resistance and subsequent
stepwise amplification with increases in ER expression to levels greater
than 100 pM per mg protein, equivalent to 0.66 % of cell protein or 8.5
million receptors per cell. The receptor from CHO cells has a Kd. of
binding for estradiol of .5 nM, similar to that of MCF7 cells, and is active
in conferring estrogen dependant stimulation of expression to a reporter
gene bearing an estrogen responsive element. It appears, therefore, that
these cells will be a good source of functional biosynthetic ER.

O 185 TRANSCRIPTIONAL REGULATION OF INTRACISTERNAL A-PARTICLE {IAP) GENES, Bruce T. Lamb,
and Chin C. Howe, The Wistar Institute, Philadelphia, PA 19104,
IAP is an endogenous retrovirus-like element present in about 1000 copies in the mouse
genome. Unlike infectious exogenous retroviruses, endogenous retroviruses in general
appear to be non-pathogenic, perhaps due to the restricted expression of the IAP gene.
However, in plasmacytoma cells, the IAP gene integrates into the flanking region of the c-
mos oncogene and activates it. Thus, the study of regulation of IAP transcriptional
repression and activation should help in understanding the transcriptional regulation of
neoplasia. Using mouse embryonal carcinoma (EC) F9 cells, which differentiate to parietal
endoderm (PE)-like cells when induced with retinoic acid, we showed that the IAP gene is
efficiently expressed in PE-1ike cells but not in F9 cells. We have localized the pro-
moter and enhancer regions of the gene and have demonstrated that one cellular factor in
PE-1ike cells binds to the enhancer region, while in F9 cells, two factors, one apparently
similar to the factor present in PE-1ike cells, bind to the enhancer sequence. Since the
IAP gene is not efficiently expressed in F9 cells, the F9-specific protein may be a
repressor and the PE-specific protein an activator, We plan to characterize these three
trans-acting factors.

O 186 THE RATE OF COMPLEX FORMATION BETWEEN RNA POLYMERASE (RNAP) AND
PROMOTER DETERMINES THE LEVEL OF REPRESSION BY E.COLI LAC REPRESSOR,
Michael Lanzer and Hermann Bujard, Zentrum fiir Molekulare Biologie
Heidelberg, 6900 Heidelberg, FRG.
Repressors of various operons bind within promoter sequences thereby
preventing the association between RNAP and promoter. Direct competition
between RNAP and repressor for their respective binding sites may therefore
determine the level of repression in such systems. This suggests that
changes in the rate of complex formation between RNAP and promoter would
influence repression. We have therefore constructed several promoter -
operator fusions which harbor the lac operator in a position corresponding
exactly to the wt - situation. The analysis of these constructs in vivo
shows a clear correlation between the 1level of repression and the rate of
complex formation between RNAP and the promoter. The repressor — operator
interactions remain unchanged.
When operators are placed into different regions of the 70bp promoter
sequence levels of repression far exceeding the Piac situation can be
achieved. A model explaining these data will be discussed.
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0 187 THE THYROID HORMONE RECEPTOR DOES NOT RECOGNIZE A CLASSIC C®NSENSUS
SEQUENCE. Thomas N. Lavin, Mark F. Norman, Peter Kushner, Brian

West, James Apriletti and Daniel Catanzaro. Univ. of Calif. at San Francisco

Med. Ctr., San Francisco, CA, USA and Univ. of Sydney, Sydney, Australia.

Multiple thyroid hormone receptor binding sites have heen idertified
on the 5! flanking regions of three thyroid hormone responsive genes. Four
such sites have been footprinted by methylation interfernce or MPE foot-
printing techniques. Other sites have been identified by direct binding
studies with 24bp oligonucleotides. Seqguences which bird the receptor have
little seqguence similarity and protected residues are spaced differentlv
in different binding recgions. Underlying periods of specific nucleotides
have rot been recognized. 1In one such binding region, DNA bending is
induced by receptor binding. Destruction of the bending region destrovs
thyroid hormone response. Thus the thyroid hormone receptor binds to DNA
in a unique and highly specific manner utilizing novel mecharisms of
recognition which depend on the ability to induce a similar three
dimensional structures of DNA.

O 188 ENHANCEMENT OF EXPRESSION OF ilvGp2 BY BINDING OF IHF TO ilvGpl, Robert P. Lawther,
University of South Carolina, Columbia, SC, 29208.

Transcription in vitro of the.ilvGMEDA operon regulatory region indicates two promoter-

like sequences, ilvGpl and ilvGp2, with the second promoter residing closest to the struc-

tural genes. Analysis of cellular RNA indicates that transcription in vivo initiates

solely from ilvGp2. Our previous analysis indicated that transcription in vivo does

not initiate from ilvGpl because of the binding of an unknown factor that precludes the

binding of DNA dependent RNA polymerase. Using polyacrylamide gel electrophoresis, immuni-

ty host factor (IHF) has been identified as the factor binding to ilvGpl. This analysis

has included using both (a) extracts of strains defective for IHF formation, and (b)

binding of ilvGpl containing restriction fragments with purified IHF. The prescence

of IHF represses transcription in vitro of ilvGpl while enhancing tramscription in vitro

from ilvGp2.

O 189 ARABINOSE-DEPENDENT ARAC-BINDING TO DIFFERENT DNA SITES CONTROL TRANSCRIPTION
OF ARABAD AND ARAC, Nancy L. Lee, Eileen P. Hamilton, & Christopher S. Franck-
1yn, Univ. of California Santa Barbara, Santa Barbara, CA 93106. Transcription of
araBAD is regulated both positively and negatively by AraC, while the divergent araC
gene 1s down-regulated 10-fold by its own product. AraC protein binds four sites on
the DNA: aral,,aral ,araO »& araO2 The aral, & aral, sites are contiguous and next
to the po]ymer%se b1nd1ng %1te of araBAD promoter; ara0, is congruent with the poly-
merase b1nd1ng site at the araC promoter, and ara0, Ties within the leader region of
araC. It is known that, in the absence of arabinose, AraC binds ara0, and aral to
produce repression of araBAD (Dunn et al.,Martin et al.). We found that the aral site
consists of two regions, aral, & aral,; the binding to the downstream aral, site is
inducer-dependent and requires simultaneous binding to aral,. We propose that araBAD
activation results from ara12 binding, and that repression—}oop formation involves
aral, but not aral,; the function of aral, is that of a switch. We aiso found that,
in the absence of nducer, the binding of AraC to aral /araO is responsible for not
only repression of araBAD but also the autoregulation of arae Upon inducer addition,
autoregulation is maintained by switching AraC occupancy from aral,/ara0, to araO /
aral We propose that AraC carries out its selective and d1vers1¥ ed control o the
araBﬁD and araC promoters by alternating between two states of cooperative b1nd1ngs to
7€s cognate DNA sites. The above model is based on in vitro binding studies and in
vivo assays of promoter activites in mutants carrying selectively inactivated DNA sites.
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O 190 CLONING OF THE PHAGE P4 psy GENE AND DEMONSTRATION OF Psu ACTIVITY, Nora A. Linderoth and
Richard Calendar, Dept. of Molecular Biology, University of California, Berkeley, CA 94720.
The product of the P4 psu (polarity suppression) gene can suppress polarity in the tate operons of helper phage
P2 by antitermination. Two possibilities are that Psu interacts directly with termination factor Rho to
prevent its action or, that Psu interacts with RNA polymerase causing it to ignore termination signals. We
have cloned the P4 psu gene into plasmid expression vectors which overproduce Psu protein upon induction.
We have determined that plasmid-encoded Psu protein is biologically active in vivo by observing the effects of
polarity suppression in P2. We demonstrate that Psu is the only P4 protein required for polarity suppression
in phage P2. Northern blot analysis has been used to moniter termination and readthrough by E. coli RNA
polymerase at specific termination sites in vivo in the presence and absence of Psu. We observe increased
readthrough of the Rho-dependent terminator, A 1gq, in the presence of Psu. Psu does not affect termination
at three Rho-independent sites tested -- phage T7 TE, the E. colilrp attenuator, and rrnB T1 (E. coli ).
Psu-mediated antitermination does not require that transcription be initiated from a phage promoter, nor is
there a requirement for an auxiliary transcription factor such as the P2 ogr or P4 delta proteins. We are
currently investigating whether Psu possesses a preference to mediate antitermination through Rho-dependent
versus Rho-independent termination sites.

O 191 DNA-PROTEIN INTERACTIONS ON THE YEAST GAL 1-10 PROMOTER: MECHANISMS FOR CONTROL
OF GENE EXPRESSION, Dennis Lohr, Chemistry Dept., Arizona State University,
Tempe, AZ, 85287-1604 and Tim Torchia and Jim Hopper, Dept. of Biological
Chemistry, Penn State University, Hershey, PA, 17033.
GAL 1 and 10 are dwergently transcribed genes involved in the utilization of galactose
as a carbon source in yeast. Their expression is strongly carbon source dependent:
highly expressed in galactose; not expressed but readily inducible in glycerol/ethanol
or lactate; repressed in glucose. The major DNA sequence element for induction, the
Upstream Activator Sequence (UAS), has been identified. An essential positive (GAL4)
and a negative (GAL80) regulatory protein are known. These genes have been cloned and
single and double disruption strains of yeast have been made' a 4° strain which lacks 4
function; an 80° strain which lacks 80 function; a ry /80 strain which lacks both
functions. Nuclei were isolated from these various strains and DNA/protein interactions
on the GAL1-10 control region were assessed by DNase I and MPE-Fe (II) footprinting,
using an indirect end label approach. This analysis was done on wild type cells grown
in various carbon sources and in the various regulatory protein disruption strains.
This produces a mechanistic picture of the events associated with gene regulation at
this locus. We find a hierarchy of DNA protein interactions differing in strength and
in location. For example there is a very strong GAL4/UAS interaction in expressed and
in inducible cells. There is a weaker GAL80 dependent interaction at other locations
which is less dependent on expression. A model for control of expression at this locus
incorporating these and other known features of the system will be presented.

O 192 DNA FLEXIBILITY AND T-ANTIGEN OCCUPANCY IN THE SV40 TRANSCRIPTTION COMPLEX.
L.C. Lutter, B. Petryniak, K.G. Hadlock, M.W. Quasney, ard N. Franken, Molecular
Biology Dept., Henry Ford Hospital, Detroit, MI 48202,

We have characterized the degree of rotational flexibility of the DNA in the SV40
late transcription camplex and total SV40 minichromosomes. Isolated total minichramosames
as well as transcription complexes each urwind by about one turn when the temperature is
raised fram 0° to 37°C, in the presence of topoiscmerase, while free SV40 DNA unwinds by
about 5 turns. Thus, the transcription complex differs very 1little from the bulk
minichromosame population: each contains the equivalent of about 20% rotationally "free"
DNA with the remainder of the INA being constrained. This result differs significantly
from that of the yeast 2 micron plasmid, where about 70% of the DNA behaves as if it were
free (Saavedra and Huberman, Cell 45 65 (1986)). These findings indicate there is a
substantial difference between yeast and mammalian chramatin structure.

We have also characterized the presence of T-antigen on SV40 late transcription
complexes. We find that approximately a quarter of the in vitro SV40 transcription
activity in muclear extract or in gradient-isolated minichromosomes can be specifically
precipitated by polyclonal and certain monoclonal antibodies against T-antigen.
Immunoprecipitation enriches for transcription complexes relative to bulk minichromosomes
and selectively pneclpltatas high-salt-active [300mM (NH4),SO4)] rather than low-salt-
active [30mM (NH4)SO4)] in vitro activity. These results provide the first direct
evidence for the presence of T-antigen on the late transcription complex and further
indicate that T-antigen is present on a specific subset of that population.
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0193 PROCESSIVITY IN EARLY STAGES OF TRANSCRIPTION BY T7 RNA POLYMERASE,

Craig T. Martin, Daniel K. Muller, & Joseph E. Coleman, Yale University, New Haven, CT 06510.
Immediately following initiation of transcription, T7 RNA polymerase enters a phase in which dissociation of the
enzyme-DNA-RNA ternary complex significantly competes with elongation, a process referred to in the E. coli
enzyme as abortive cycling [Carpousis, A. J. & Gralla, J. D. (1980) Biochemistry 19, 3245-3253]. Characterization
of this process in the T7 RNA polymerase system under various reaction conditions and on templates with
differing message sequences reveals that conversion to a highly processive ternary complex occurs after
incorporation of 8 bases and that the relative competition between dissociation and elongation up to this point
is influenced by several different forces. In particular, the sequence dependence of abortive fall-off suggests
that dissociation is favored immediately following incorporation of UMP, and is less likely following
incorporation of GMP into the RNA message. Abortive cycling is unchanged in transcription from a synthetic
oligonucleotide template which is double-stranded in the promoter region, but single-stranded throughout the
entire message region. This result proves that melting and reannealing of the DNA duplex in the coding region
do not contribute to abortive cycling. Furthermore, weakening of promoter binding by an order of magnitude
affects abortive cycling only slightly, suggesting that strong interactions with the promoter are not the major
cause of abortive cycling. Kinetic analyses show that conversion to a highly processive ternary complex after
the incorporation of 8 bases may reflect a large decrease in the unimolecular rate of dissociation of the
complex due to increased contacts between the nascent RNA and the DNA template and between RNA and
enzyme. Finally it is shown that when transcribing a message of initial sequence GGG..., in the presence of
GTP as the sole nucleotide, T7 RNA polymerase synthesizes a ladder of poly-r(G) transcripts due to a slipping
of the RNA message along the DNA template. This ladder is largely truncated at a length of 14 bases,
providing information on steric constraints in the ternary complex positioned at +3 on the DNA template.

Poster Session 2

0 194 POLYAMINE BINDING SITES ON NUCLEOSOME CORE PARTICLES, Harry R.
Matthews and James E. Morgan, University of California, Davis.
Polyamines and acetylpolyamines are naturally-occurring cations that bind to DNA and chromatin
in vitro and probably in vivo. Thermal denaturation and circular dichroism studies show that
polyamines and acetylpolyamines increase the stability and change the conformation of DNA in the
nucleosome core particle (J.E. Morgan, J.W. Blankenship and H.R. Matthews, 1987, Biochemistry 26
3643-3649). These effects are primarily charge-dependent, although secondary effects are also
observed. Acetylation of polyamines partially reverses these effects, mainly through loss of charge.
Thermal denaturation and circular dichroism effects display saturation at approximately 30 to 40
spermidine molecules added per core particle. Determination of the location of the preferred
binding sites on nucleosome core particles is being approached by the use of a photoaffinity
polyamine analogue (Azido-Nitro-Benzoyl-spermine, ANB-spermine). ANB-spermine appears to
stabilize nucleosome core particles similarly to the naturally occurring polyamine, acetylspermine.
Photoaffinity labeling studies with ANB-spermine show covalent attachment of ANB-spermine to
both protein and DNA in the nucleosome core particle. The locations on the DNA have been
determined by 32P end-labeling and an exonuclease protection technique. There are 6 to 8 regions
of preferential binding, all in areas where the two turns of the DNA helix are closely apposed.
Evidently there are quite specific features of the core particle which determine polyamine binding
sites. Further studies of these sites are in progress. Supported by the National Science Foundation.

0195 STUDIES ON PROTEIN BINDING TO THE KEZ2 SITE OF THE HUMAN IMMUNQOGLOBUL IN x
ENHANCER, Edward E. Max, Jeffrey M Gimble, James R. Flanagan ang David Recker,
NIiAiD, NiH, Bethesda, MD 28092
we have been analyzing the in vitro binding of nuclear proteins to the the human x
enhancer using an exonuclease protection assay. Protected domains demonstrated with
A exonuclease and T7 gene 6 exonuclease are not identical. Both exonucleases detect a
protected domain in the 5’ region of the enhancer that Includes sequences fomologous to
the xB andxE 1 motifs described in the mouse enhancer. T7 exonuclease also detecis a
protected domain In the 3’ region that includes xE2. Competition experiments with
several ohgonucieotides demonstrate that this binding 15 sequence specific. Proteins
with kB2 binding activity producing identical exonuclease protection bands have been
found In nuclear extracts or several tissues and species. A xE2 binding protein (NF-xE2)
from pig spleen has been purified approximately S000-fald by ion exchange and
oligonucieotide affinity chromatography. Evidence suggests that 1t may also bind to
kE3, but less strongly. Partially purified NF-xE2 produces a 27 bp DNase | footprint
centered over the KE2 site.
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O 196 IDENTIFICATION OF A DOMAIN IN THE PHAGE T3 AND T7 RMA POLYMERASES THAT IS
RESPONSIBLE FOR SPECIFIC PROMOTER RECOGNITION, William T. McAllister and Keith
Joho, SUNY-Health Science Center at Brooklyn, Brooklyn, New York 11203.
Bacteriophages T3 and T7 encode single subunit DNA-dependent RNA polymerases of ca
100 kd (883 amino acids). Despite a high degree of structural similarity between the
two enzymes (their amino acid sequences are 82% identical), neither enzyme will
utilize promoters that are recognized by the other. The promoter sequences for the
two phage polymerases, which are closely related to a highly conserved 23 bp consensus
sequence differ significantly only over the 3 bp region from -10 to -~12. We have
synthesized promoter variants that differ at only 1 position and have found that the
primary determinant of promoter specificity is the bp position -11.

Fine structure restriction mapping of T3/T7 recombinant phage indicates that the
specificity-determining region of the polymerase lies in the carboxy terminal portion
of the protein distal to amino acid 616. To more closely define the region of
promoter specificity, a series of hybrid T3/TT RNA polymerase genes was generated in
vitro using cloned genes. Analysis of the resulting hybrid enzymes demonstrates that
the region responsible for promoter specificity lies between amino acids 672-754.
This region does not appear to be related to the helix-turn-helix motif found in other
sequence-specific DNA binding proteins. Within the 80 bp region there are only 11
amino acid substitutions between T3 and T7. Site directed mutagenesis to assess the
importance of each of these amino acid residues to specificity is being carried out.

O 197 INDUCIBLE AND CONSTITUITIVELY BOUND TRANS FACTORS INTERACT WITH
a CYCLIC AMP RESPONSIVE ELEMENT OF THE HUMAN GONADOTROPIN ALPHA GENE.
Craig E. McKnight*, Jerome F. Strauss III, Alfredo Ulloa-Aguirre, Davor
Solter*. University of Pennsylvania and Wistar Institute*,
Philadelphia, Pa 19103.

Human chorionic gonadotropin (HCG) is a glycoprotein hormone composed
of an alpha and a beta subunit both of which are expressed in the
placenta. The alpha protein is encoded by a single copy gene and is the
same alpha subunit found in the anterior pituitary heterodimeric
proteins luteinizing hormone, follicle-stimulating hormone and thyroid
stimulating hormone. The actual physiologic trigger responsible for the
induction of HCG is, as of vet, undefined, however it is well accepted
that cAMP plays a role in increasing the transcription of the alpha
subunit. We have shown that a trans-acting factor is present in the
nucleus of primary placental trophoblasts and that this factor appears
to bind constituitively to a cAMP responsive cis element (CRE) of the
alpha gene. In addition, we have found that a cAMP inducible binding
factor is also present in these cells and interacts with the CRE
region. We have determined the sequences protected by these factors
within the CRE by methylation interference and are in the process of
trying to characterize these proteins.

O 198 FORMATION OF A PRE-INITIATION COMPLEX AT THE ADENOVIRUS MAJOR LATE PROMOTER.ROLE

OF MLTF, Alejandro Merino, Leonard Buckbinder, Juan Carcamo and Danny Reinberg.
Department of Biochemistry, University of Medicine & Dentistry of N.J.-Robert Wood John-
son Medical School. TInitiation of transcription from the Ad-MLP required five general
factors (IIA,ITIB,IID, IIE,IIF) in addition to RNA polymerase I1T.These factors associated
into a complex in the absence of ribonucleoside triphosphates when incubated with DNA
containing a promoter.The addition of MLTF to reactions reconstituted with the general
factors and the MLP resulted in a 10 to 20 fold stimulation of the overall transcription
reaction; however, when the reaction was limited to one round of transcription,MLTF sti-
mulated five-fold.This stimulation was due to an increase in the amount of preinitiation
complex formed. The first step in the formation of a preinitiation complex,the committed
complex 1s slow and requires transcription factors ITA and IID.The second step involved
the binding of RNA polymerasell which required a TFIID bound to the TATA sequence.The
third step involved the association of transcription factors IIB, IIE and IIF; these fac-
tors associated with the complex by interacting with the RNA polymerase II. The MLTF sti-
mulation was due to an increase in the number of template DNA molecules that formed a
committed complex. The direct effect of MLTF was to establish a more stable committed
complex. Committed complexes formed in the presence of MLTF remained bound to the DNA
after transcription by SP6 or T7 RNA polymerases through the major late promoter. Reac-
tions carrled out in the presence of MLTF allowed multiple RNA polymerase molecules to
enter into the transcription cycle.
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0 199 MODULATION OF EGF RECEPTOR GENE EXPRESSION VIA A S1 NUCLEASE~SENSITIVE DIRECT
REPEAT SEQUENCE, Glenn Merlino, Yoshihiro Jinno, Alfred Johnson and Ira Pastan.
Laboratory of Molecular Biology, NCI, NIH, Bethesda, MD 20892.

Regulation of expression of the epidermal growth factor (EGF) receptor gene, the cellular

counterpart to the avian erythroblastosis virus erbB oncogene, is not well understood.

Previously, we reported the isolation and partial characterization of the EGF receptor

promoter, The promoter is highly GC rich, contains no TATA box or CAAT box, and has

multiple transcriptional start sites. An S1 nuclease-sensitive site has now been found
approximately 100 bp upstream of the major in vivo transcriptional initiation site. Two

sites of direct repeat sequences are found in this area: one contains 14 out of 15

identical base pairs, the other 10 out of 10 base pairs. Both direct repeat sequences

conform to the motif TCCTCCTCC. When deletional mutations are made in this region using
either Bal31 or 81 nuclease, in vivo activity drops 3-5 fold, based on transfection
analysis in monkey kidney CV-1 cells and human epidermoid carcinoma KB cells using
promoter-CAT constructions. Primer extension analysis of RNA isolated from CV-1 cells
transfected with normal or mutated EGF receptor promoter-CAT plasmids confirmed this change
in gene expression., Examination of nuclear protein binding to normal and deleted promoters
by gel retardation analysis revealed that at least one specific factor which binds to the

S1 nuclease-sensitive region cannot bind to the mutated promoter. This binding site was

confirmed by DNase I footprinting. These results suggest that a nuclear DNA binding

protein interacts with the direct repeat region of the EGF receptor promoter and either
directly or indirectly stimulates transcription.

O 200 INTERACTIONS BETWEEN THE HOX 2.3 PROMOTER REGION AND REGULATORY PROTEINS
PRESENT IN NUCLEAR EXTRACTS. Frits Meijlink, Peter Verrijzer, Wim de Graaff
and Jacqueline Deschamps, Hubrecht Laboratory, Uppsalalaan 8, 3584CT Utrecht
The Netherlands.

Homeobox containing genes of the mouse are believed to have an important function in
embryogenesis, possibly as essential as that of their Drosophila homologs
Previously, we cloned and characterized the mouse Hox 2.3 gene which is located on
chromosome 11. 1Its sequence shows a high degree of similarity to that of the Hoxl.l
gene on chromosome 6, extending upstream from the protein coding region. High
expression of Hox 2.3 is detected in specific regions in the spinal cord of mid to
late gestational embryos and in embryonal carcinoma cells only after retinoic acid
treatment. We are interested not only in the way these genes may control
differentiation by regulating expression of other genes, but also in the regulation of
of expression of Hox genes themselves. We attempt to identify protein factors, and
eventually the genes encoding these proteins, by studying interactions between
putative control regions of the mouse Hox2.3 gene and specific components of
muclear extracts from embryonal carcinoma and other cells.

0O 201 MOLECULAR MODELING OF ZINC BINDING DOMAINS FROM XENOPUS TRANSCRIPTION
FACTOR IIIA. George 5. Michaels, Bernard R. Brooks and Richard J.
Feldmann, National Institutes of Health, Bethesda, Md. 20894.
The zinc binding repeat was first described for the Xenopus transcription factor IIla
(TFIlla). This protein contain nine tandem repeats of the 30 amino acid domain
consisting of two cysteine and two histidine residues that can coordinate zinc ions
in a tetraheadral fashion. This zinc binding motif has observed in the sequences of
several other proteins that are also suspected to be involved in transcriptional
regulation. In order to better understand the structural characteristics of these zinc
binding domains, we analyzed each of the "Zinc Finger" domains from TFIIla by
molecular dynamics.

The results of the molecular dynamics and minimizations revealed that two of
the "Zinc Fingers" may fold to form stable a helical regions, while the other
domains appeared to have a more extended structure. The ability of these zinc
binding domains to form a helices suggests an alternate mechanism for the
formation of a divergent helix-turn-helix DNA binding region that would facilitate
the site specific interaction with the internal control regions of Xenopus 5s RNA genes.
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0 202 MECHANISM OF LYMPHOKINE GENE ACTIVATION BY ANTIGEN AND HTLV-I ENCODED pX IN T
CELLS. Shoichiro Mi *Rene De Wail Malefyt, Yutaka Takabe, Takmshi Yokota

iyatake
Joseph Shlomai, *Jan De Vries, Namoko Arai, ¥Motoharu Seiki, #Mitsuaki Yoshidm and Ken-ichi
Arai. DNAX Research Institute, Palo Alto, CA 94304, USA; *UNICET Laboratory for
Immunological Research, 27 Chemin des Peupliers, 80572 Dardilly, FRANCE; #Department of
Viral Oncology, Cancer Institute, Kami-Ikebukuro, Toshims-ku, Tokyo 170, JAPAN.

Transcription of various lymphokine genes in T celle can be induced by antigenic
stimulation by treatment of T cells with lectins, phorbol esters (TPA and Ca ionophore
(A23187). Many HTLV I transformed T cell lines produce various lymphokine genes
constitutively, and it is suggeasted that the p40xX gene product encoded by the HTLV I genome
may act as a transcriptional activator of various lymphokine genes. To study the mechanism
of lymphokine gene mctivation by different stimulatory signals or by HTLV I infection, we
have constructed fusions between the bacterial CAT gene and the 5' flanking regions of
several lymphokine genes. A GM-CSF CAT fusion transfected into the Jurkat human T cell line
could be activated by treatment with TPA and PHA or PHA and A28187. The GM-OSF and IL-3
promoters could also be amctivated when co-trsnsfected with m constitutive p40X plasmid in
Jurkat cells, Hela and L cells. Deletion studiees of the GM-CSF promoter revealed that the
region 73 to 95 bp upstream of the transcription initiation eite is required for stimulation
by either TPA/PHA or p40Or in Jurkat cells. Interestingly, the SV40 enhancer alsoc responds
to TPA/PHA or p40X, although there are no significant sequence homology between the SV40
enhancer and the GM-CSF 5' region.

O 203THE HIGH RESOLUTION STRUCTURE OF PHAGE 434 REPRESSOR AMINO
TERMINAL DOMAIN AND CRO PROTEINS. A.Mondragon, S.Subbiah, S.Almo,
C.Wolberger, M.Drottar, M.Ptashne and S.C.Harrison, Harvard University
and Howard Hughes Medical Institute, Cambridge MA 02138.

The repressor and cro proteins of phage 434, a close relative of
phage lambda, bind to a set of six related 14 base-pair operator sites
in the phage genome. The binding affinity for these site differs from
site to site for the two proteins. This differential binding affinity
creates a regulatory switch,

The crystal structures of both the repressor amino terminal
domain and cro proteins have been determined and refined to 2.0 A and
2.35 A respectively. The two proteins are very similar, having an
identical fold mwith five alpha helices. The ’'helix~turn-helix’ motif
is almost identical in both proteins and similar to that found in
other DNA binding proteins. The main differences occur in a region
known to interact directly with the DNA phosphate backbone. These
differences may affect the way both proteins bind to DNA.

O 204 IDENTIFICATION OF TWO YEAST rRNA ENHANCER BINDING PROTEINS, REB1 AND REB2,
Bernice E. Morrow and Jonathan R. Warner, Albert Einstein College of Medicine,
Bronx, NY 10461.
There are approximately 200 tandem repeats of rRNA genes transcribed by RNA polymerase
I in the yeast, Saccharomyces cerevisiae. We have localized an enhancer of rRNA
transcription to a 190 bp fragment near the site of termination of the upstream gene,
2.2 kb from the initiation site of the downstream gene (Elion and Warner, MCB, 6, 2089
(1986). We have identified two factors (REBl and REB2) that bind to independent sites
within the 5' region of the enhancer. The predominant complex in band shift assays
results from the binding of REB1 to the enhancer. REB1 protects approximately 10
nucleotides on duplex DNA from DNase 1 cleavage. REB2 binds to a different sequence,
20 bp ‘downstream from the REBl site. Synthetic double stranded oligonucleotides
containing the REB1 site were Tigated to form concatamers and used in competitive band
shift assays. The binding of REB1, but not of REB2, to the enhancer DNA fragment was
inhibited by the synthetic oligomer. Purification of REB1 and REB2 is underway.
Neither the synthetic oligomer nor the rRNA enhancer was found to compete with a
protein which binds specifically to the HOMOL 1 and RPG sequences of the ribosomal
protein gene, CYH2 suggesting that the synthesis of ribosomal RNA and ribosomal
proteins are not coordinately regulated by the same DNA binding protein.
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Q 205 THE EFFECT OF NUCLEOSOME POSITION ON IN VITRO TRANSCRIPTION OF 5S RNA BY RNA
POLYMERASE III. Randall H. Morse & Robert T. Simpson, National Institutes of
Health, Bethesda, MD 20892.
The effect on transcription of incorporating portions of the 55 RNA gene into nucleosomes
was determined by transcribing reconstituted chromatin in an activated frog egg extract.
Nucleosomes were assembled with chicken erythrocyte histones and the plasmid pXBS201,
which bears the 5S RNA gene. Treatment of these reconstituted plasmids with a restriction
endonuclease whose recognition sequence lies within the transcribed region results in
cleavage of all those molecules in which the recognition sequence is not protected by
histone proteins. When such a sample is transcribed, any full length transcripts observed
must arise from templates bearing a nucleosome at the given restriction endonuclease
recognition sequence. By using this protocol, we have found that nucleosomes on or in the
near vicinity of the TFIIIA binding domain completely inhibit transcription. To look at
the effect of nucleosomes downstream of the TFIIIA binding site, we constructed 58
maxigenes by placing DNA inserts between the TFIIIA binding site and the transcription
termination signal. Experiments with these constructs show that RNA polymerase III is not
impeded by downstream nucleosomes. We are presently attempting to determine whether or
not these nucleosomes are displaced during transcription.

O 206 FUNCTIONAL ELEMENTS OF THE STEROID HORMONE-RESPONSIVE PROMOTER OF

MOUSE MAMMARY TUMOR VIRUS. David O. Peterson, Mark G. Toohey, Mike Huang,
and Jae Lee, Department of Biochemistry & Biophysics, Texas A&M University, College Station, TX
77843,

Transcription of the proviral genes of mouse mammary tumor virus (MMTV) is induced by
several classes of steroid hormones. A transcriptional enhancer whose activity is modulated by
steroid hormone-receptor complexes, as well as a regulatory element that mediates a negative
effect on the basal rate of MMTV transcription, are present within the proviral long terminal repeat.
In order to understand the parameters that determine the basal activity of the MMTV promoter and
the molecular mechanisms by which this basal activity is regulated both positively and negatively,
the functional elements of the promoter have been characterized by construction of a set of 20 linker
scanning (LS) mutations. Analysis of these mutant promoters with a transient transfection assay
revealed that sequences containing a binding site for the transcription factor nuclear factor 1 (NF-1),
a TATA box, and sequences related to the element known as the octamer (ATGCAAAT) were all
sensitive to mutation, while alterations in other promoter sequences were without significant effect.
Additional mutant promoters have also been constructed by oligonucleotide directed, site-specific
mutagenesis. Gel! electrophoresis mobility shift assays and other techniques have been used to
identify nuclear proteins that recognize elements of the MMTV promoter and to begin to quantitate
their affinity for wild-type and mutant promoter sequences.

0 207 HEPATITIS B VIRUS DNA INTEGRATION IN A SEQUENCE WHICH IS HIGHLY SIMILAR TO A
RETINOIC ACID RECEPTOR, Magnus Pfahl and Doris Benbrook, La Jolla Cancer Research
Foundation, La Jolla, CA 92037.

Steroid hormone receptor genes belong to a multigene family that encodes transcription-
al regulatory proteins including the v-erbA oncogene product and the retinoic acid
receptor. Recently, a hepatitis B virus DNA integration was found next to a Tiver cell
sequence bearing a striking resemblance to the supposed DNA-binding domain of steroid
hormone receptors. In order to identify the normal functions of this unknown receptor,
we isolated and sequenced cDNA clones which hybridized with oligonucleotide probes from
the reported sequence. A cDNA clone isolated in this manner from a human placental
library was found to indeed encode a steroid hormone receptor-type molecule. This new
receptor appears to be a member of a new receptor subclass which includes the vitamin A
receptor.
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0 208 BICCHEMICAL CHARACTERIZATION OF THE VIRD ENDONUCLEASE FROM AGROBACTERIUM
TUMEFACIENS, Sandra G. Porter, and Eugene Nester, University of Washington,
Seattle, WA 98195.

The virD endonuclease is instrumental in processing the T-DNA for transfer from
Agrobacterjum tumefaciens to a recipient plant cell.

In vivo, virD endonuclease activity leads to the production of site as well as
strand-specific nicks in both of the 25bp direct repeats which border the T-DNA.
The processing events initiated by virD activity lead to the production of a single-
stranded T-DNA molecule which has been proposed to be an intermediate in T-DNA
transfer. Two proteins(VirDl and VirD2) are required for the site-specific
endonuclease activity in vivo although the interaction between them is not
understood. In this study, we demonstrate a physical interaction between VirDl and
VirD2 by SDS-polyacrylamide gel analysis. In addition, we have been able to show
that the endonuclease activity resides in VirD2 by in vitro nicking assays.

0 209 IDENTIFICATION OF BASAL AND cAMP REGULATORY ELEMENTS IN THE PROMOTER OF THE
PEPCK GENE, Patrick G. Quinn, Tai W. Wong, Mark A. Magnuson, John B. Shabb and Daryl K.

Granner, Vanderbilt University, Nashville, TN 37232.

Promoter elements, which are important for basal and cAMP-regulated expression of the PEPCK gene, have been identified

by analysis of a series of PEPCK promoter internal deletion mutants in transfection and DNase I protection experi-

ments. The internal deletion mutants examined spanned the region from -129 bp to -18 bp within the PEPCK promoter.

All contained PEPCK DNA from -600 to +69 bp except for specific bases that were replaced with a Sal I linker. CV1

cells were transfected with wild type and mutant CAT plasmids, whose expression was normalized by determining the

expression of contransfected SV2-Bgal. In addition, wild type and mutant DNA templates were used as probes in DNase I

protection experiments to determine sites of protein-DNA interaction.

Deletion of the 5° recognition sequence for NF1/CAAT had no effect on promoter strength, but mutation of the 3’
recognition sequence for NFI1/CAAT resulted in a 50% decrease in promoter strength. DNase I protection experiments
showed that deletion of the 5° end of the NF1/CAAT binding site resulted in a loss of the NF1 footprint and appearance
of a CAAT footprint, whereas mutation of the 3’ end of the binding site resulted in loss of both NF! and CAAT foot-
prints. Two linker scanner mutants (internal deletions that maintain helical spacing) which disrupt core sequences of
the cAMP regulatory element (CRE) resulted in loss of cAMP responsiveness and an 85% decrease in basal promoter
strength, indicating that the CRE is associated with a basal stimulatory element (BSE). Mutation of the core sequence
of CRE resulted in the loss of the DNase 1 footprint over the CRE. Internal deletions flanking the CRE showed no loss
of induction by cAMP but did have reduced promoter strength. This delimits the CRE to an 18 bp region between nucieo-
tides -99 and -82. Analysis of internal deletions between the CRE and the TATA homology centered at -27 identified a
basal inhibitory element (BIE) adjacent to a basal stimulatory element (BSE) as well as a BSE coincident with the TATA
homology.

0 210 SEQUENCE-SPECIFIC DNA-BINDING OF THE FOS PROTEIN COMPLEX.
Frank J. Rauscher IlII', B, Robert Franza Jr.# and Tom Curran!, !'Department of Molecular
Oncology, Roche Institute of Molecular Biology, Nutley. N3JI 07110; 2¢cold Spring Harbor
Laboratory, Cold Spring Harbor, NY 11724,

The c-fos proto-oncogene was identified as the transforming gene transduced by the FBJ and FBR
murine osteogenic sarcoma viruses. c-fos encodes a nuclear phosphoprotein which forms a complex
with other cellular proteins, is associated with chromatin and binds to DNA in vitro. Transcription of
c-fos is rapidly and transiently induced by a diverse set of extracellular stimuli including mitogens,
differentiation inducers and agents which depolarize neurons both in vitro and in vivo. We have proposed
that c-fos functions as a cellular immediate early gene that couples short-term stimuli occurring at the
membrane to long-term adaptive responses of the cell. It is thought that the long-term adaptive
changes require alterations in gene expression mediated by c-fos. Studies of an adipocyte
differentiation system have provided evidence that the Fos complex binds to regulatory regions of
specific genes (Distel et al. Cell 49:835, 1987). We have now identified several different transcriptional
regulatory regions including a negative regulatory element in the human immunodeficiency virus LTR
and the Gibbon ape leukemia virus enhancer region that bind to the Fos protein complex and several
Fos-related antigens. Binding proteins have been identified by gel shift assays and by using a rapid
DNA affinity precipitation assay coupled with high resolution two-dimensional gel analysis. The
common sequence motif among these elements is identical to the consensus binding site for the HelLa
cell activator protein (AP-1). These results imply that biochemically distinct transcriptional regulators
recognize similar sequence elements and suggest the Fos protein complex might play a direct role in the
regulation of gene expression, perhaps at the AP-1 binding site.
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O 211 A DISTAL TATA SEQUENCE REQUIRED FOR TRANSCRIPTION OF THE ADENOVIRUS IVa2 PROMOTER.

A "NON TATA SEQUENCE PROMOTER", Sergio Lobos, Juan Carcamo, Leonard Buckbinder and
Danny Reinberg. Department of Biochemistry, University of Medicine and Dentistry of New
Jersey, Robert Wood Johnson Medical School.

The initiation site of transcription from the adenovirus encoded IVa 2 promoter is
located 210 nucleotides upstream from the CAP site of the major late promoter.
Transcription from these promoters is divergent.

In order to gain insights into the mechanism of initiation of transcription of non
TATA sequence containing promoters we studied the IVa 2 promoters. Reconstitution
experiments indicated that transcription from the IVa 2 promoter required all the pre-
viously defined transcription factors, including the TATA binding protein. The require-
ment for TFIID was suggested by the following results: 1) reconstitution experiments
indicated that TFIID and the activity required for IVa 2 transcription co-purified over 8
different chromatographic steps. 2) deletion of the MLP TATA sequence abolished
transcription from the IVa 2 promoter. Previous studies have indicated that transcrip-
tion from the MLP was stimulated by MLTF, a site specific DNA binding protein that binds
to a symmetric element present upstream of the TATA box. The addition of MLTF to a IVa 2
in vitro transcription reaction resulted in 12-fold stimulation. MLTF did not overcome
the requirements of TFIID in IVa 2 transcription. Point mutations in the MLTF binding
site that resulted in a reduced binding of MLTF tothe promoter produced low levels of
stimulation of IVa 2 tramscription.

O 212 TRANSCRIPTIONAL REGULATORS OF ADRENAL STEROID 21-HYDROXYLASE. Douglas A.
Rice, Mark S. Kronenberg, Bernard P. Schimmer, and Keith L. Parker, Duke University,
Durham, NC 27710. Adrenal steroid 21-hydroxylase (21-OH) is required for the synthesis of
mineralocorticoids and glucocorticoids, and is expressed primarily in the adrenal cortex.
Expression of 21-OH is transcriptionally regulated by ACTH via increased cAMP levels. We have
previously analyzed expression of the murine 21-OH gene following stable transfections into
the mouse adrenocortical tumor cell line Y1. Expression was stimulated up to 10-fold by ACTH,
and deletion of 5' flanking sequences beyond -230 resulted in markedly decreased levels of
expression. More recent experiments utilizing human growth hormone as a reporter gene in
transient transfections have shown that sequences from -330 to -150 function as a
tissue-specific enhancer element in Y1 cells. We have continued analyses of this promoter
region using DNAase | footprinting and methylation interference to identify sequences in this
region which interact with DNA-binding proteins present in nuclear extracts from steroidogenic
and non-steroidogenic cell lines. These studies have defined several sequences in the 5' flanking
region of the 21-OH gene that interact with DNA-binding proteins; at least one of these
footprints is only seen using nuclear extracts from steroidogeneic cells. Currently, we are
performing functional studies to determine the role of these sequences in the expression of
21-OH in Y1 cells.

0213 THE REGULATION OF CELLULAR DIFFERENTIATION IN DICTYOSTELIUM

DISCOIDEUM BY cAMP AND DIF. Jeffrey Williams, Keith Jermyn, Anne Early and
Karen Duffy, Imperial Cancer Research Fund, Clare Hall, S. Mimms, Herts, EN6 3LD U.K.
Cyclic AMP and DIF, a low molecular weight chlorinated compound of known structure, act
antagonistically to regulate cellular differentiation in Dictyostelium, Cyclic AMP induces the
expression of prespore genes and DIF induces prestalk gene expression. One important role
of DIF may be to repress prespore gene expression in a proportion of cells in the aggregate,
and we have shown that DIF acts as a transcriptional repressor of the PsA gene, a slug
extracellular matrix protein which is encoded by a prespore-specific mRNA, Prestalk cells
synthesize two extracellular matrix proteins, ST310 and ST430, and transcription of the
cognate genes is rapidly induced by DIF (Williams et al., 1987 Cell 49, 185-192). The
upstream regions of the two prestalk genes, and that of the PsA prespore gene, have been
shown to direct correctly regulated expression after transformation into Dictyostelium, We
are now analyzing the cis-acting regulatory elements and the trans-acting factors responsible
for their induction.
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QO 300 INSULIN REGULATION OF A DNA BINDING PROTEIN SPECIFIC FOR THE HUMAN

GLYCERALDEHYDE - 3-PHOSPHATE DEHYDROGENASE PROMOTER.

M. Alexander-Bridges, N. Nasrin, I. Kang, M. Denaro, C. Ramaika and
X. Kong, Massachusetts General Hospital, Boston, MA 02114
Insulin stimulates the transcription of the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene in 3T3 adipocytes. A 500 BP fragment of DNA
containing the 5'-flanking sequences of the gene fused to the chloramphenicol
acetyl transferase (CAT) gene is induced 10-fold by insulin in hepatoma cells
and 2 to 3-fold by insulin in 3T3 adipocytes. Using a series of BAL31
deletion mutants, we have mapped sequences that mediate this effect to a
fragment 80 nucleotides in length. Nuclear extracts of 3T3 adipocytes contain
an insulin-induced DNA binding protein that specifically retards the migration
of labelled DNA in a non-denaturing gel. We are in the process of isolating
and characterizing this DNA binding activity.

0301 A DNA BINDING PROTEIN IS INVOLVED IN REGULATION OF I/LVIH OPERON
TRANSCRIPTION Debra A. Aker, Ezio Ricca, Wang Qing, and Joseph M. Calvo,
Cornell University, Ithaca, NY 14853
Efficient transcription of the ilvIH operon of E.coli requires the promoter region and
additional DNA located several hundred base pairs upstream. Transcription is repressed
5-fold when cells are grown in the presence of leucine. We have partially purified a
protein (called THB for ilvIH Binding Protein) that binds specifically to the ilvIH
promoter/regulatory region. Two binding sites have been detected: from -310 to -200
and from -99 to -41. The following evidence suggests that the IHB protein is involved
in leucine regulation of ilvIH transcription : 1) Leucine inhibits binding of IHB to DNA
when it is added to the binding reaction in vitro . 2) IHB from a mutant strain that
lacks leucine repression (mutation unlinked to ilv/H) binds to DNA but the mobility of
the resulting complex is altered. Leucine does not inhibit formation of this complex.
Finally, naked DNA from this region migrates anomalously on acrylamide gels,
suggesting that it has a natural bend. The center of this bend is located between the
two IHB binding sites.

0302 BAND MOBILITY SHIFT ASSAY IDENTIFIES A COMPONENT OF THE RAT
METALLOTHIONEIN-1 (MT—I% METAL RESPONSIVE ELEMENT éMRE) TRANSCRIPTION
FACTOR. Robert D. Andersen, Susan J. Taplitz, Anita M. Oberbauer and
Harvey R. Herschman, Department of Biologicaf Chemistry and Laboratory of
Biomedical and Environmental Sciences, UCLA, CA 90024.
Using nuclear extracts from Fao cells, a rat hepatoma cell line, we have
ﬂerformed a band mobility shift assay to identify proteins binding to rat
T-1 promoter sequences. With Tlabeled DNA fragments which contain MRE
sequences from the MT-1 promoter we identify a shifted band which appears in
extracts isolated from cells pre-treated with 3-5 yM CdCl2, a dosage
which leads to full induction of MT-1 gene transcription. This same band is
seen_in control extracts in the presence of CdClp. This inducible
mobility shift band is only seen when we use a Tris-glycine-buffered
acrylamide gel. Tris-borate-EDTA-buffered gels show no difference between
control and induced extracts. UV cross-linking analysis indicates a single
labeled polypeptide which, on SDS-PAGE, migrates with an apparent size of
39 kD. We are using the mobility shift assay on nuclear extracts derived
from rat liver to purify this protein. We believe it to be a component of
the transcription factor(s) which we have previously identified by dimethyl
sulfate footprinting analysis in vivo and which binds specifically to
MRE sequences in the rat MT-1 promoter _in the gresence of cadmium ion
(Andersen et al., Mol. Cell. Biol. 7, 3574-81 [198/]).
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0 303 THE DNA BINDING DOMAIN OF SV40 LARGE T ANTIGEN AS AN IN VIVO

REPRESSOR IN E.COLI.: A MODEL SYSTEM TO ANALYSE EUKARYOTIC DNA
BINDING PROTEINS. Helge Bastian, Avril Arthur and Ellen Fanning, Institute
for Biochemistry, University of Munich, Munich, F.R.G.

The large T antigen of SV40 mediates both control of SV40 gene expression
and initiation of SV40 DNA replication by specific DNA binding to two major
sites, I and II, in the SV40 origin. Thus it is a particularly interesiting
model protein for studying eukaryotic DNA/protein interactions. The

genomic coding sequence of large T antigen was clones into an E.coli
expression vector via new restriction sites introduced at the intron
boundaries. 1In vitro DNA binding tests of wild type protein plus a range of
mutants allowed the positive identification of the essential DNA binding
domain for both sites I and II between residues 131-259 (ref. 1). No
obvious DNA binding motif (eg. helix-turn-helix, zinc finger) is located in
this region. Thus an alternative, genetical approach was developed to
analyse DNA binding mutants in an analogous way to the prokaryotic repressor

systems (eg. cro, lac I}). The E. coli reporter gene, gal K was cloned under
the control of the tacpromoter where the operator sequence has been replaced
by wild type and mutant SV40 DNA binding site(s). In conjunction with a

"T antigen" expression vector, repression of gal K can be detected in vivo.
Such a repreusor system provides the means to rapidly analyse a range of
point mutants, both amino acid and nucleotide changes, for altered DNA
binding profiles.

1. Arthur, A.K., HOB, A.and Fanning, E. J. Virol. (in press)

0304 THE USE OF LOOP FORMATION BETWEEN lac OPERATORS TO STUDY THE PHYSICAL PROPERTIES
OF DNA in vivo. Gregory Bellomy and M. Thomas Record, Jr., Departments of
Chemistry and Biochemistry, University of Wisconsin, Madison, WI 53706.

It has been shown previously for several systems that DNA loop formation is the mechanism of
gene regulation via action-at-a-distance. In the case of lac operator binding we present evidence that
looping is the mechanism by which an upstream operator can aid in repression at a primary
constitutive operator (O°) site in vivo. Twelve plasmids were constructed with varying interoperator
spacings. These were used in an in vivo assay of repression using galactokinase production in the
presence and absence of IPTG (Isopropyl-B8-D-Galactopyranoside) as a measure of operator
occupancy. The results show an oscillatory pattern of repression as interoperator spacing is
increased, as expected if operators must be torsionally aligned for loop formation. In addition to
demonstrating loop formation in vivo this data can be used to infer the physical properties of DNA in
vivo, Specifically, the period of the oscillations in repression can be interpreted as the local helicat
repeat of DNA. The repression data are not consistent with a helical repeat of 10.5 bp/turn, but are
better fit by assuming a helical repeat of 9.0 or 11.7 bp/turn. The amplitudes of the oscillations
show that the torsional rigidity of DNA in vivo is similar to the value in vitro , but that the apparent
lateral rigidity is approximately a factor of five lower in vivo than in vitro.

This decrease in the apparent persistence length may well be due to CAP (Catabolite Activator
Protein)-induced DNA bending or DNA supercoiling in our in vivo system. Analogous experiments
with a CAP- strain will help clarify the role of CAP bending in loop formation.

O 305 TRANSCRIPTION REGULATION OF THE HOUSEKEEPING GENE FOR HUMAN TRIOSEPHOSPHATE
ISOMERASE, Thomas Boyer and Lynne Maquat, Roswell Park Mem. Inst., Bflo., NY 14263,
To examine the functional organization of the triosephosphate isamerase (TPI) promoter,
deletion, insertion, and linker scanning mutations were introduced into the TPI pramoter
of hybrid TPI/f—globin genes. These genes were transiently expressed in mouse L and
human Hela cells, and the effects of each mutation on the frequency and position of
transcription initiation were assayed by S, nuclease transcript mapping and primer
extension. Our results indicate that the TPI promoter, while effectively housekeeping,
is distinctively facultative-like in its modular functional organization. At least three
spatially discrete regulatory elements residing between positions -589 and +1 in L cells
and -920 and -7 in Hela cells coordinately promote maximum hybrid gene transcription.
Two of these elements reside downstream of position -64 and include a putative Spi
binding site and a TATA box. These elements cooperatively control both the frequency
and position of transcription initiation. An additional element(s) resides between
positions -589 and -73 in L cells and -920 and -73 in Hela cells and regulates only the
frequency of transcription initiation. Minimal promoter function is achieved through
the interaction of the TATA box and one of the other two regulatory elements. With
all three elements, transcription is stimulated at least 4- and 15-fold in L and Hela
cells, respectively, above the level of transcription promoted by the TATA box and only
one additional element. Finally, sequences between position -7200 and either -2800 in
L cells or —920 in Hela cells reduce transcription approximately 7-fold relative to the
level of transcription achieved with the maximally active promoter.
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0 306 JURKAT T CELL NUCLEAR FACTOR BINDS THE INTERLEUKIN-2 PROMOTER REGION
AND IS IMPORTANT FOR IN VITRO TRANSCRIPTION. M. Brunvand, U. Siebenlist,
National Institute of Allergy and Infectious Diseases, LIR, Bethesda, MD 20892
Interleukin-2 (IL-2) is a lymphokine secreted by T lymphocytes after mitogen or antigen stimulation. This
lymphokine is important for the coordinated activation of the immune response in humans. Control of
expression of this important lymphokine is modulated at the level of transcription. Previously we documented
the acquisition of a DNase I hypersensitive site 5° of the start site of transcription. Fujita,et al have indicated
this same area is important for maximal gene induction. Using the mobility retardation assay we have
documented a nuclear factor from resting and mitogen stimulated Jurkat T cells which binds to the region of
the hypersensitive site. The DNase I footprint generated with these extracts spans a 22 base stretch of DNA 5°
to the transcription start site. We are assessing the functional significance of regions within the IL-2 promoter
with in vitro transcription.

0 307 TRANSCRIPTION ACTIVATION OF THE KLEBSIELLA PNEUMONIAE NIFH PROMOTER BY UPSTREAM-
BOUND NIFA PROTEIN, Martin Buck and Enrique Morett, AFRC - IPSR Nitrogen Fixation
Laboratory, Sussex University, Brighton BNl 9RQ, England.

Sequences located 100 to 200 bp upstream of the start of the transcription have been shown

to be necessary for transcriptional activation of the Klebsiella pneumoniae nifH, U, B and

F promoters by the nif-specific transcriptional activator NifA. By using in vivo dimethyl-

sulphate protection experiments we have shown that NifA binds specifically to the nifH UAS

and by directed mutagenesis about the C~terminal of NifA is the DNA binding domain of this
protein. Results show that mutant nifH UAS's which produce a promoter-down phenotype do not
bind NifA well. Similarly mutations in the proposed DNA recognition helix of NifA which
prevented transcriptional activation were shown to result in reduced binding of NifA to the
nifH UAS. No evidence for strong binding of NifA to the downstream nifH promoter element

was obtained. Together with previous results demonstrating that the UAS must be located on
the correct face of the DNA helix to participate in efficient transcriptional activation,
these results indicate that NifA is bound upstream and activates transcription by interacting
with downstream-bound transcription factors (RNAR polymerase and the ntrA encoded sigma
factor) by DNA loop formation.

Ref. 1. Buck, Cannon and Woodcock (1987) Molecular Micraobiology, 1, 243-249.

0 308 DEVELOPMENTAL AND TISSUE SPECIFICITY OF DNA BINDING PROTEIN

TO THE MHC CLASS I PROMOTER. Peter A. Burke, Yasuaki Shirayoshi,

John Kasik, Kazushige Hamada, Ettore Appella and Keiko Ozato. NICHD,

NIH, Bethesda, MD, 20892.
A 35 base pair segment of the promoter region of the mouse class I gene (the CRE) has been
identified as a positive regulator of transcription in differentiated cells as well as a down
regulatory element in embryonic carcinoma cells. Using gel retardation and methylation
interference, nuclear extracts (NE) from various cell lines produce three distinct bands that
correspond to three regions (I, II, III) within the CRE. NE from several adult tissue and
extracts taken from different points in the perinatal period were tested for the presence of
these specific DNA binding proteins. NE from adult liver and spleen showed specific binding to
Reg. I and Reg. IT of the CRE, brain however showed specific binding to Reg. II but no evidence
of a Reg. 1 binding protein. Liver NE from progressive stages of perinatal development showed
the constitutive presence of Reg. II binding protein but Reg. I binding protein was not present
till the day of birth and appeared to increase in the adult. The presence or absence of Reg. I
binding is directly correlated with that of class I mRNA levels in the developing embryo and
neonate., The absence of Reg. I binding protein in brain is consistant with the lack of class I
mRNA. The tissue specificity and developmental modulation of Reg. I binding protein indicate
its important jn yvivo role in transcriptional control of the class I gene. The functional
significance of Reg. I binding is presently be evaluated using mutant CAT constructs.
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O 309 DNA REPLICATION-INDEPENDENT AND MEIOSIS-SPECIFIC H2B GENE HAS A
REPRESSED S PHASE~SPECIFIC TRANSCRIPTION REGULATORY ELEMENT, Inhwan
Hwang and Chi-Bom Chae, Dept. of Biochemistry, Univ. of North Carolina,
Chapel Hill, N.C. 27599.
During mammalian spermatogenesis somatic H2B histones are replaced by a
testis-specific H2B variant (TH2B). Expression of rat TH2B gene is confined
to pachytene spermatocytes of meiotic prophase I and independent of DNA
replication. However, cloned upstream sequence of rat TH2B gene directs
expression of the fused CAT gene during S phase of the cell cycle. This
result suggests that the TH2B gene has an S phase-specific regulatory
element (SPRE) and the element is repressed in the cells. We have
identified the SPRE by systematic deletion analysis and DNase foot-printing
assay, and the SPRE is localized immediately upstream of the octamer
sequence. The synthesis of the SPRE-specific trans-acting nuclear factor
also appears to be § phase-specific. An H2A histone gene is localized 230
bp upstream of the TH2B gene, and the gene is transcribed in an apposite
direction. It is possible that the neighboring genes share the same SPRE
and other regulatory elements. The DNA containing somatic H2B gene has
similar sequence organization as the DNA containing TH2B including SPRE and
H2A histone gene. Work is in progress to elucidate the mechanism of
repression of the TH2B SPRE and activation of the TH2B regulatory elements
specific for pachytene spermatocytes.

0O 310 SEQUENCES REQUIRED FOR EXPRESSION FROM A BACTERIOPHAGE P2 LATE GENE
PROMOTER. Nancy Grambow, Nancy Stokes and Gail E. Christie, Virginia
Commonwealth University, Richmond, VA 23298.

The four late operons of temperate coliphage P2 are transcribed from promoters which do not
resemble those normally recognized by E. coli 0¥ RNA polymerase. Transcription from these late
promoters requires trans-acting factors encoded by P2 or satellite phage P4, Cloned P2 late
promoters can be activated by infection with the replication-defective mutants P2 Aam8l or
Aam127, but not by wild-type P2. High levels of expression from cloned late promoters can also be
obtained by supplying the P4 & (transactivation) protein in trans. We have fused the P2 late
promoter for the FETUD operon to the cat gene in order to study the promoter's functional
domains. Sequential 5'-end promoter deletions were generated using BAL-31 nuclease and
assayed for levels of cat expression following infection with P2 Aam81 or induction of P4 8
protein synthesis from a compatible plasmid. Enzyme production was abolished by a deletion
between nucleotides -69 and -64 from the start of transcription. This area contains a region of
DNA sequence homology which is conserved among the four P2 late gene promoters, and includes a
small dyad symmetry element. Using synthetic oligonucleotides, we have also generated a
collection of lac fusion plasmids carrying mutations in late promoter sequences upstream of -25,
and analyzed these for activation of lacZ expression in the presence of phage-encoded factors.

O 311 STRUCTURAL CHARACTERIZATION OF THE 5’ REGION OF THE HUMAN INSULIN
RECEPTOR GENE D. M. Cook, D. S. Tewari and R. Taub. HHMI U.
_ Pennsylvania. School Med., Philadelphia, PA. 19104
The insulin receptor is a tyrosine-kinase receptor that mediates primari1{
metabolic effects. The insulin receptor protein is present in most cel
types but is expressed at a higher level in certain tissues, Little is
known about the regulation of expression of this gene. We have isolated the
57 region of the human insulin receptor gene from a genomic cosmid library
and_examined its structural properties. Restriction mapping and sequencin
analysis of this cosmid have revealed the boundaries of exons 1 and 2 whic
are separated by about 25 kb. Primer extension and Sl nuclease mapping of
the promoter region have provided evidence for the presence of multiple
transcriptional start sites with no apparent TATA or CCAAT box sequences.
Sequence analysis of this upstream region of the ?ene has revealed sequence
with extremely high G-C content of approximately 80% comprising an HTF
island. The insulin receptor promoter region shows close homology to the
grgmoterg of other housekeeping genes including EGF receptor and c-ras.
his region contains several G-C repeats that are ?otentia1 binding sites
for the cellular transcription factor Spl. Potential binding sites for the
transcription factors AP1 and AP2 are also evident. Studies are in progress
to analyze this 5’ region for promoter and enhancer activity.
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0 312 ANALYSIS OF SALT STRESS INDUCIBLE PROMOTERS FOR PEPCase GENES IN

MESEMBRYANTHEMUM CRYSTALLINUM. John C. Cushman, Gabriele Meyer,
Jirgen M. Schmitt, and Hans J. Bohnert. Department of Biochemisty. University of
Arizona, Tucson, AZ 85721 USA.

The desert plant Mesembryanthemum crystallinum undergoes a shift in carbon
metabolism from C3 to CAM (Crassulacean Acid Metabolism) upon exposure to
salt/drought stress. The major enzyme of CAM, phosphoenolpyruvate carboxylase
(PEPCase; E.C. 4.1.1.31), increases in activity and protein level over S0 fold in fully salt
stressed plants (i.e. 500 mM NaCl for approximately 8 days). This induction is paralleled
by a corresponding increase in PEPCase mRNA levels. Biochemical studies suggest that
C3- and CAM-specific forms of PEPCase exist. We have isolated PEPCase cDNA clones and
are presently characterizing genes from genomic libraries established in Lambda FIX.
PEPCase in M. crystallinum is encoded by a small family of 2 to 3 genes. Induction of
specific members of the PEPCase gene family during stress is regulated at the level of
transcription and/or mRNA stability. The analysis will include a study of transcription
control regions of the C3- and CAM-specific forms of the PEPCase genes. These studies
provide information about the structure of plant promoters which respond to salt
stress. Supported in part by grants from the NSF, DFG, and USDA.

O 313 COOPERATIVE REPRESSION OF TRANSCRIPTION INITIATION OF THE DEO OPERON OF E.COLI,
Gert Dandanell and Karin Hammer, Institute of Biological Chemistry B, University

of Copenhagen, Selvgade 83, 1307 Copenhagen K, Denmark. The dec operon of E.coli which
encodes genes that are involved in nucleoside catabolism is regulated by at least three DNA-
binding proteins. The regulatory region contains two promoters. deoPl is regulated by the
deoR repressor while deoP2 is regulated by both the deoR and the cytR repressors and by the
CRP+cAMP complex. Thus both promoters are regulated by the deoR repressor. We have found in
vivo that both of these operator sites are required in order to obtain efficient repression
of the deo operon. This cooperative binding of deoR to two operator sites has been shown to
occur when the two sites are separated by 200-1000 bp (1) and 1000-5000 bp (2). We have now
studied the regulation when the two sites are very close to each other (50-200 bp) as well
as the regulatory effects of mutations in one of the operator sites.

The activity and regulation of the deoFZ2 promoter has been studied in cya™ strains (cAMP
deficient) and we found that the deoR regulated activity is independent of cAMP while the
cytR regulated activity strictly depends on the precense of cAMP.

1) Gert Dandanell and Karin Hammer (1985) Two operator sites separated by 599 base pairs are
required for deoR repression of the deo operon of KEscherichia coli. EMBO J. 4: 3333-3338.

2) G. Dandanell, P. Valentin-Hansen, J.E.L. Larsen and K. Hammer (1987) Long-range
cooperativity between gene regulatory sequences in a prokaryote. Nature 325: 823-826.

O 314 RNA POLYMERASE: A PROFILE OF RIFAMPICIN INHIBITION EXAMINED AT DISCRETE BOND
FORMING STEPS DURING TRANSCRIPTION, Suzanne M. Kelly and Don Dennis, Department

of Chemistry and Biochemistry, University of Delaware, Newark, DE 19716.

Rifampiein is a noncompetitive inhibitor of phosphodiester bond formation over the entire

range of transcription examined (i.e. bonds 1, 2, 3, 4-10, 10-20, 10-N, 20-n) for the E.

coli RNA polymerase enzyme.

The inhibition by rifampicin was determined (Kj=14 uM) for several different discrete
bonds by measuring the formation of a single phosphodiester bond between a preformed
cognate primer and one additional nucleotide monomer (i.e. Np, N3; N3, Ny) or a series of
bonds formed between a precision assembled bound transcript and nucleotide monomers
sufficient to elongate to a defined length (i.e. Ny + Njg; N1g + Npg; N2g » n). The
product identification was done by HPLC (short products up to tetranucleotides) or by PAGE
(dinucleotides up to duodecanucleotides), and the quantitation by scintilation counting of
collected fractions or excised gel bands or glass filters (in the case of products longer
than decamers). In the presence of rifampicin, the apparent Vp' values examined over this
large range of transcript lengths displayed a minimum coincident with the formation of a
tetranucleotide transcript and increased sharply for the formation of transeripts of either
shorter or longer lengths, A simple scheme is presented which consolidates and is
consistent with known rifampicin studies.
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O 315 THE BACILLUS SUBTILIS PHAGE ¢105 REPRESSOR-OPERATOR INTERACTION: MUTATIONAL
ANALYSIS AND IN VITRO BINDING STUDIES, Patrick Dhaese, Luc Van Kaer, Rebecca De
Clercq and Marc Van Montagu, Laboratorium voor Genetica, RUG, B-9000 Gent (Belgium)
Early gene regulation in the temperate B. subtilis phage ¢105 involves the specific binding
of a repressor {1] to at least three separate operator sites, each of which consists of an
identical, directly repeated "core" of 14 bp [2]. An unusual feature of this 14-bp sequence
(5'~GACGGAAATACAAG-3') 1is the absence of twofold rotational symmetry. A large number of
repressor mutants deficient in binding to a single wild-type operator element was isolated.
Their positions together define the DNA-binding helix-turn-helix domain, of which the second
"recognition” helix extends from Arg-29 to Arg-37. By correlating this information with the
previously isolated ¢105 operator-constitutive mutations [2], is was possible to propose
some specific amino acid-base pair contacts, e.g. Arg-29 > Gl, Ser-30 » C3, Asp-34 » G4. In
a second, more systematic approach, several chemically synthesized variant operator se-
quences were tested for their ability to compete with the wild-type sequence in binding to
highly purified repressor, using nitrocellulose filter retention assays. Repressor-operator
binding was also analyzed by DNase footprinting, by gel retardation assays, and electron
microscopical observation of the complexes formed. The results with respect to sequence
specificity, affinity, and cooperativity determinants will be discussed.
References
1. Dhaese, P., Seurinck, J., De Smet, B. and Van Montagu, M. (1985). Nucl. Acids Res. 13,
5441-5455.
2. Van Kaer, L., Van Montagu, M. and Dhaese, P, (1987). J. Mol. Biol. 197, 55-67.

O 316 ISOLATION AND CHARACTERIZATION OF A REGULATORY PROTEIN OF THE INCF TRANSFER
SYSTEM, L. Di Laurenzio , B. B. Finlay , L. Frost , W. Paranchych
Department of Biochemistry , University of Alberta , Edmonton , Alberta , Canada , T6G 2H7

‘The origin of transfer (oriT) of the IncF plasmids is organised into three regions as determined by DNA sequence analysis;
1) the site of nicking of the plasmid and initiation of transfer to the recipient cell , 2) the binding site of the nickase , a complex
of the traY and traZ gene products , 3) the binding site of the traM protein which signals that a competent mating pair has
formed and that DNA transfer should begin . This study involves the &raM/oriT system of the IncFV plasmid pED208 , the
derepressed form of Fo lac.

The traM gene was cloned into the overexpression vector T7-3 which employes a T7 RNA polymerase system. raM is
a 13 Kd protein that is normally expressed at low levels and is found associated with the inner membrane of the cell. When
overexpressed , traMp was found in the cytoplasmic fraction and has been purified by (NH4)2804 fractionation and FPLC gel
exclusion chromatography. Amino acid determination and N-terminal analysis of small amounts of traMp purified by
electroelution from SDS-PAGE confirmed the amino acid sequence obtained from DNA sequence analysis and revealed that the
traMp protein does not contain a signal sequence . Examination of the traMp predicted amino acid sequence revealed several
potential DNA binding domains with classical helix-bend-helix motif.

DNA retardation assays were performed using 32p_end labelled Tagl and NIalll fragments from the oriT region of
pED208 isolated from preparative polyacrylamide gels ; these showed that traMp protein bound strongly to a 190 bp Tagl
fragment containing the proposed traMp binding site as determined by DNA sequence analysis of the four known alleles for
traM/oriT among IncF plasmids.

The proposed traM binding site revealed a complex pattern of direct and inverted repeats characterized by 12 Hinfl like
sites of sequence GAT/ATC . We are currently trying to identify the minimum DNA sequence for full binding activity and
suspect that it involves the Hinfl rich region which corresponds to the traMp binding site proposed for other IncF plasmids.

QO 317 NUCLEOTIDE SEQUENCE OF THE E. COLI FAD A GENE, A MULTIFUNCTIONAL REGULATOR OF FATTY ACID
METABOLISM, Concetta C. DiRusso, Universty of Tennessee, Memphis, Tn 38163,

In Escherichia coli fatty acid degradation, acetate degradation and fatty acid biosynthesis appear to be regulated
in a complex manner by the product of the fadR gene. There is substantial genetic and biochemical evidence for
negative transcriptional control by fadR of fadl, fadD, fadE, andfadAB. These genes encode proteins required for
the transport, activation and beta-oxidation of long-chain fatty acids. fadR is also a negative transcriptional
regulator of the aceBAK operon which encodes the enzymes of the glyoxylate shunt. Regulation of aceBAK is
complex involving fadR and a second repressor, ic/R . In addition, mutations in fadR result in reduced
synthesis of fatty acids by a mechanism which is undefined at this time. In previous work | cloned the fadR gene
and identified a 29,000MW polypeptide specifically associated with fadR activity. In the present work | have
sequenced a 1294 base pair HinDIll-EcoRV fragment carrying the fadR gene and identified the transcriptional
start site.  An open-reading frame capable of encoding a 238 amino acid polypeptide with a molecular weight of
26,972 was derived from the DNA sequence. Amino acids 34-54 of the derived peptide sequence show sequence
homology to the helix-turn-helix binding motif believed to be important for DNA binding in other
well-characterized transcriptional regulatory proteins. Subclones containing the entire coding sequence confer
wild-type fadR activity on fadR mutants while subclones deleted within the predicted coding sequence eliminate
fadR activity as measured by repression of beta-galactosidase activity of fadA-lacZ fadR ::Tn10 strains. This
sequence information is currently being used to isolate the fadR protein to begin a molecular analysis of fadR
interaction with each of the fadR-responsive genes and operons. This will provide valuable information
regarding the reguiation of these biochemically interrelated pathways of fatty acid metabolism.
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O 318 MECHANISM OF DNA-SEQUENCE RECOGNITION BY THE E. COLI CATABOLITE GENE ACTIVATOR
PROTEIN (CAP) PROBED BY SITE-DIRECTED MUTAGENESIS. R.H. Ebright,!:? J. Beckwith,?
T. Kunkel,® J. Krakow,% A. Kolb,® and H. Buc.> !Rutgers University, New Brunswick NJ
08855, 2Harvard Medical School, Boston MA 02115, 3NIH-NIEHS, Research Triangle Park
NC 27709, “Hunter College, New York NY 10021, SInstitut Pasteur, Paris F75724,
France.
Detailed models for the structure of the CAP-DNA complex have been proposed independently by
Weber and Steitz ("model I," PNAS 81:3973, 1984), and by Ebright and co-workers ("model II,"
PNAS 81:7274, 1984). The predicted amino acid-base pair contacts in the two models are
similar but not identical. We have utilized site-directed mutagenesis to test the
predictions that differ in the two models:
1. Model I predicts that Lysl88 makes a direct contact with base pair 7 of the DNA half-
site. In contrast, model II predicts that Lys188 makes no direct contact with a DNA base
pair. We have substituted Lysl88 by Asn--the side chain of which is too short, in either
model I or model II, to make a direct contact with a DNA base pair. The Asn!®8 gubstitution
produces no perturbation of specificity at base pairs 5, 6, 7, or 8. We conclude that model
I is in error.
2. Model I predicts that Glul8l makes direct contacts with two DNA base pairs: base pair 6
and base pair 7. In contrast, model II predicts that Glul8l makes a direct contact with only
one DNA base pair: base pair 7. We have substituted Glul8l by Gln--the side chain of which
can make only one of the two direct contacts predicted by model I. The Gln!8! substitution
produces no perturbation of specificity at position 6 and only a partial reduction of
specificity at position 7. We again conclude that model I is in error.

0319 REGULATORY FACTORS AND CIS-ACTING ELEMENTS INVOLVED
IN HUMAN prolL-1§ GENE EXPRESSION. M.J. Fenton!, B.D. Clark!, A.C. Webb?, and
P.E. Auronb?. ! Massachusetts Institute of Technology, Cambridge, MA 02139; 2 Tufts Univ.-
New England Medical Center, Boston, MA 02111; 3 Wellesley College, Wellesley, MA 02181.

Prointerleukin 1 g (proll-18) transeription is induced in monocytic cells is by agents such as
lipopolysaccharide and phorbol myristic acetate. The proll.-15 gene is differentially regulated at
the level of transcription and message stability. We have previously suggested that the transient
kinetics of mRNA accumulation in THP-1 mononuclear cells should require specific trans-acting
factors. Using a electrophoretic band-shift assay system and nuclear extracts isolated from cells
at various stages of induction, we have located several regions which bind trans-acting factors,
including an octamer (ATTTGCAT)-binding protein and a putative repressor factor. The
binding of these factors correlates well with the kinetics of transcriptional modulation. Factors
which recognize the promoter region are not present in several non-monocytic cell lines, or in
leukemic T cell lines which express proll-la. We have also identified a region 200-500 bp
upstream of the transcriptional start site which acts as a cell type-specific cellular enhancer
element, as analyzed by transfection of expression vectors employing the chloramphenicol acetyl
transferase reporter molecule.

O 320 SPECIFIC BINDING OF PROTEINS FROM RHIZOBIUM MELILOTI CELL-FREE EXTRACTS
CONTAINING NodD TO DNA SEQUENCES UPSTREAM OF INDUCIBLE NODULATION GENES, Robert
F. Fisher, Thomas T. Egelhoff, John T. Mulligan and Sharon R. Long, Stanford University,
Stanford, CA 94305.
Nodulation (nod) genes in Rhizobium meliloti are transcriptionally induced by flavonoid
signal molecules such as luteolin, which are produced by its symbiotic host plant,
alfalfa. Expression of nodD is required to permit this flavone-mediated induction.
Starting approximately 25 bp upstream of each set of inducible nod genes lies a highly
conserved 50 bp segment (the nod box). We have used the gel retardation assay to
demonstrate a specific interaction between DNA fragments which contain sequences upstream
of the inducible nod genes, and extracts from R. meliloti which overproduce NodD, the nodD
gene product. Specific retardation of electrophoretic mobility correlates with the
presence and concentration of NodD in the extracts. Antibody directed against NodD
removed the specific DNA binding activity from the extracts.
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0 321 EFFECTS OF HIGH EXPRESSION OF THE ANTITERMINATION PROTEINS OF LAMBDOID PHAGES.

N.C. Franklin & Jed Doelling, Biology Dept., Univ.of Utah, Salt Lake City 84112.
Transcription of lambdoid bacteriophages is regulated post~initiation by phage-coded anti-
termination proteins called "N". The N proteins of phages A, $#21 and P22 are homologous in
their time of synthesis, role and character as proteins, but they differ widely in amino
acid sequence (Franklin, J.Mol.Bio1.181:75,85, 1985). During transcription N protein is
found within a complex of host RNA polymerase and other host proteins (Greenblatt et al,
Steenbock Symp. 1986; Barik et al, Cell 50:885, 1987). Normally N requires for its function
a phage-coded site of recognition, nut, accounting for the type specificity of each N pro-
tein. It is likely that N recognizes this site in the RNA transcript or in transient RNA/
DNA, rather than in DNA.

Cloned under ptac on a pBR-derived plasmid, N genes of %, @#21 and P22 are highly expressed
when induced by IPTG. The type specificity of N proteins is found to be relaxed when they
are overproduced. N may therefore become engaged in abnormal situations independent of

nut recognition, a possible factor in the lethal effect of these plasmids under conditions
of IPTG induction. An example is the N-stimulation of lacZ', downstream from N on the same
ptasmid but 1imited by transcription termination. We are purifying N protein from both
the soluble and insoluble forms that it takes in hyperproducing cells. The avai]ab]11ty
of pure N protein in ample amounts will provide for structural studies as well as direct
assays of its binding properties. For binding, we will test specific sequences and struc-
tures of DNA or RNA, in presence or absence of other host proteins.

0322 METAL-RESPONSIVE CONVERSION OF MerR REPRESSOR TO ACTIVATOR;

CHARACTERIZATION OF SPECIFIC MerR/RNAP/MER PROMOTER TERNARY
COMPLEXES, Betsy Frantz, Diana Ralston, Mark Chael, Myung Shin and
Themas V. O’Halloran, Department of Chemistry & BMBCB, Northwestern
University, Evanston, Illinois 60208.

We have shown by in vitro analysis that the MerR purified protein
autoregulates its own expression and is converted to an activator of mercury
resistance gene transcription in response to submicromolar levels of mercuric
chloride. MerR protein interactions at overlapping and transcriptionally
divergent merR and merTPAD promoters have been probed by DnaseI, DMS and
hydroxyl radical protection and ethylation interference. The protein contacts
primarily a single face of the DNA helix and specific contacts appear
unchanged both in the presence and absence of Hg(II). The overall affinity of
protein for DNA is reduced 2-10 fold in the presence of Hg(II). RNA Poly-
merase complexes of the two promoters were isolated by gel shift and foot-
printed as above. The complexes possess characteristic features of RNA
Polymerase/promoter "open" complexes and the merTPAD complex contains some
unique MerR footprint features as well. It appears that MerR acts as an
activator by redirecting RNA Polymerase from merR promoter complexes to
transcriptionally competent merTPAD promoter complexes.

0 323 CIS AND TRANS-ACTING MUTATIONS OF CUP1 GENE TRANSCRIPTION, Peter Furst,
Rebecca Hawes Hackett, Dean Hamer. Laboratory of Biochemistry, National
Cancer Institute, National Institutes of Health, Bethesda, MD 20892
The CUPl gene of the yeast S. cerevisiae codes for a low molecular weight, copper-
binding protein, denoted copper metallothionein, which is required to prevent copper
toxicity. The CUPl locus is transcriptionally activated by the addition of copper to
the media. Most laboratory strains of S. cerevisiae contain multiple copies of CUPI
and are resistant to 0.3 M Cu**. Ethyl methanesulfonate (EMS) mutagenesis of a
copper-resistant strain containing an integrated CUPl-lacz gene fusion yielded several
types of Cu-sensitive mutants. One class of mutants has a trans-acting defect in CUPI
gene induction. Using a "Southwestern" blotting technique it has been possible to
show that crude extracts from these mutants fail to bind a labeled CUPl promoter
fragment that is bound by the wt extracts. In addition, the effects of various
oligonucleotide-directed mutations in the CUPl promoter region are being assayed.
Extensive mutagenesis of a 40 bp control region has revealed intercalated positively
and negatively acting regulatory sequences. Studies on the interactions between the
cis and trans-acting mutations will be described.
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0 324 CONSTRUCTI?N AND CHARACTERIZA'EION OF VARIANTS OF THE E. COLI rrnB P1 PROMOTER.
Tamas Gaal™, Herman A. deBoer™, and Richard L. Gourse . (1) Department of

Genetics, University of Georgia, Athens, GA 30602 USA (2) Biochemistry Department, Gorlaeus
Laboratories, University of Leiden, Wassenaarseweg 76, 2300 Leiden, The Netherlands

We have generated & collection of random mutants in the rrnB Pl promoter using
oligonucleotide synthesis in the presence of low levels of contaminating nucleotides. Our
collection should contain representatives of single base changes at every position from -88
to +1 with respect to the transcription start site. We have generated mutations using two
fragments, one containing the upstream activator sequence (UAS) and one without the UAS.
By making promoter - lacZ fusions in phage lambda, we have cloned the promoter variants
into the chromosome of E. coli. From the phenotypes of the lambda plaques and lysogens we
have been able to select for up mutations, representing derepressed or growth rate
independent promoters, as well as for down mutations, representing changes in either the
RNA polymerase binding site or in the UAS. We have also isolated silent mutations, which
should be useful in identifying positions not important to the tramscription initiation
rate or to growth rate dependent control. We will discuss mutations which correspond to
specific phenotypes in order to define the DNA determinants of upstream activation and
growth rate dependence of rRNA synthesis.

0325 THE DNA DETERMINANTS OF CAP-INDUCED BENDING, Marc R. Gartenberg and Donald M.
Crothers, Department of Chemistry, Yale University, New Haven, CT 06511.
Catabolite activator protein (CAP) binds to and bends its DNA binding site in the E. coli
lac promoter. We have examined the influence of DNA sequence on the extent of CAP-induced

bending and protein binding affinity. A large CAP binding site mutant library was
generated and the relative gel electrophoretic mobilities of CAP bound fragments were
compared. Bending loci were identified by positions where sequence composition strongly
influences complex mobility. 1In regions flanking the consensus sequence, bend centers
coincide with positions where DNA grooves face the protein; A-T rich sequences favor
bending where the minor groove faces the protein and G-C rich sequences favor bending
where the major groove faces the protein. Further quantitative analysis of the data 1)
verified that the dinucleotide is the smallest independent structural unit to describe
accurately the properties of the CAP-induced bend and 2) ranked the dinucleotides at each
position according to their influence on DNA bending. Competitive binding assays revealed
that mutants which bend better, bind with greater affinity. The DNA sequence spanning at
least 34 bp modulates induced bending and binding demonstrating that the regulatory domain
is substantially larger than the consensus sequence. Subtle modulation of protein-DNA
complex structure and stability is likely to be desirable for a protein like CAP that
regulates multiple operons. Our data correlate with the observed statistical sequence
preferences responsible for the rotational positioning of DNA in nucleosomes. We believe
the sequence determinants which govern CAP-induced bending may represent general rules by
which non-specific protein-DNA interactions lead to DNA bending.

0 326 THE TN10 ENCODED TET REPRESSOR-OPERATOR-INTERACTION IS FUNCTIONAL IN PLANT CELLS,
Christiane Gatz, Institut fir Genbiologische Forschung, Ihnestr 63, 1 Berlin 33 FRG.

The Tn10 encoded tet repressor-operator-system was used to regulate transcription from

the 355 cauliflower mosaic virus (CaMV)-promoter in plant protoplasts. Expression was
monitored in a transient expression system using electroporated tobacco protoplasts. The
tet repressor, being expressed in the plant cells under the control of eucaryotic trans-
cription signals, blocks transcription of a 35S-CaMV-promoter-chloramphenicol acetyltrans-
ferase (CAT) fusion gene when one of the operators is located between the CAAT-box and

the TATA-box and the second beween the TATA-box and the transcription start site. In the
presence of sublethal concentrations of the inducer tetracycline expression is restored
to full activity. lLocation of the operators downstream of the transcription start site
does not significantly affect transcription in the presence of the repressor. These ex-
periments show for the first time that a procaryotic regulatory protein can function in
plant cells. The tet repressor-operator-system may be useful as an on/off switch for the
regulation of gene expression in gene transfer experiments.
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0 327 ASSOCIATION STATES, RNA-BINDING, AND FUNCTION OF E. COLI TRANSCRIPTION
TERMINATION PROTEIN RHO

Johannes Geiselmann, Thomas D. Yager, Stanley G. Gill, and P. H. von Hippel, Institute
of Molecular Biology and Department of Chemistry, University of Oregon, Eugene, OR 97403

During rho-dependent transcription termination, rho protein of E. goli binds the
nascent RNA transcript and releases it in a process that requires the hydrolysis of ATP.

We have investigated the interaction of rho with various RNA cofactors and the concomitant
structural changes in the protein. " . X " .

Rho protein can form a stable hexamer under 'mear physiological” buffer conditions
(molecular weight determined by sedimentation, light-scattering, neutron and x-ray
scattering). The subunit arrangement is probably not 6-fold symmetrical, as indicated by
a stable dimer intermediate on ' semi-denmaturing” gels. In the presence of oligo(rC) of
length <20 nucleotide residues, the rho hexamer associates to form a homogeneous dodecamer.
The oligo(rC) appears to be bound with a stoichiometry of six RNAs per dodecamer. With
longer RNAs, the homogeneous l2-mer is no longer generated. Poly(rC) of lenth n=70.nuc1go~
tide residues binds with a 1:1 stoichiometry to the hexamer, consistent with the site size
measured by fluorescence titrations (McSwiggen, Bear and von Hippel, JMB, in press). The
apparent molecular weight of this species is between that of a hexamer and a dodecamer. A
complex behavior is observed for RNAs of intermediate length. i

Currently we are investigating how these structural changes are related to the binding
and hydrolysis of ATP. Ultimately, we hope to integrate all these properties of rho to give
a detailed molecular mechanism by which rho brings about transcript release.

[Supported by USPHS Research Grants GM-29158 and GM-15792, USPHS Training Grant GM-07759,
and USPHS Postdoctoral Fellowship GM-10227-02 (to TY)].

O 328 STRUCTURAL AND FUNCTIONAL ANALYSIS OF cmp, AN ENHANCER OF PLASMID REPLICA-
TION. M.L. Gennaro and R.P. Novick, Department of Plasmid Biology, Public Health Research Institute,

New York, N.Y. 10016.

Replication of the staphylococcal plasmid pT181 requires the plasmid-encoded RepC protein. RepC, that is trans-acting

and rate-limiting for replication, binds to the plasmid’s origin of replication (ori) and introduces a site-specific nick that

serves as a primer for 3’ ion. Studies p d in this paper have shown that cmp, a plasmid sequence element

located about 1 kilobase from ori, facilitates utilization of RepC by ori.

Genetic studies demonstrate that pT181 ori on a cmp* plasmid competes more efficiently for the initiator protein
than the same ori on a co-resident cmp™ plasmid. cmp increases maximal replication rate in cmp* plasmids relative to
cmp”, as shown by analysis of the kinetics of plasmid repopulation. Taken together, these results indicate that the pres-
ence of cmp on the plasmid genome increases the frequency of initiation of plasmid replication.

cmp maps within a 250 base pair fragment, and contains a locus of DNA bending. cmp functions independently
of the orientation of the element or its location in the plasmid genome.

Cmp~ plasmid mutants have a lower level of titratable negative supercoiling than Cmp* plasmids. No preferred
gyrase cleavage site maps within the cmp region in vivo, nor does cmp appear to be a binding site for the initiator pro-
tein,

The structural features of cmp (cis-activity, distance from ori, orientation- and location-independence) and the role
of the element in i ing initiation freq y make it iniscent of eukaryotic enhancers. However, unlike these ele-
ments or the transcriptional activators described in prokaryotic systems, cmp has no primary effect on gene expression.
The possible mechanisms by which cmp affects the site-specific RepC-ori interaction and plasmid topology will be dis-
cussed.

0 329 COLI NUSA AND SIGMA FACTORS:

E.
ASSOCIATION STATES AND BINDING INTERACTIONS WITH RNA POLYMERASE

5.C. Gill, T.D. Yager, J, Geiselmann, W.A. Rees and P.H. von Hippel
Institute of Molecular Biology and Department of Chemistry, University of Oregon,
Eugene, OR, 97403

In order to understand binding interactions between proteins, the initial association
states must be known. We have determined the association states of both NusA and sigma
proteins over & wide range of salt concentrations (0.0l to 1.5 M KC1) using dimethyl-
suberimidate chemical crosslinking, velocity sedimentation, quasi-elastic laser light
scattering, and equilibrium sedimentation. Results from all of these experiments have
shown that both NusA and sigma proteins exist as homogeneous populations of monomers
under all conditions tested,

Currently we sre studying the competition between NusA and sigma for binding to core
polymerase under conditions where core polymerase exists as a monomer (Shanner et al.
Biochemistry 1982, 21, 5539-5551). Several techniques are currently being used. One
involves competition between fluorescently labelled sigma factor and unlabelled NusA
protein for binding to core polymerase. A second technique involves determining the
effect of NusA on the ablity of holoenzyme to carry out abortive initiation om poly d(A-T).
Preliminary results from these and other experiments suggest that sigma and NusA have
fairly similar binding affinities for core polymerase. We have found no evidence to
suggest simultaneous binding of both sigma and NusA to core polymerase.

[Supported by USPHS Research Grants GM-29158 and GM-15792, USPHS Training Grant GM-07759,
and USPHS Postdoctoral Fellowship GM-10227-02 (to TY)].
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0 330 E. COLI RIBOSOMAL RNA PROMOTER-RNA POLYMERASE INTERACTIONS, Richard L. Gourse,
Janet T. Newlands, and Ramona R. Dickson, University of Georgia, Athens, GA 30602
and Pieter L. deHaseth, Case Western Reserve University, Cleveland, Ohio 44106.

The rate of ribosome synthesis is determined primarily by the rate of transcription
initiation at.rRNA promoters. In order to provide a basis for undexrstanding rRNA
transcription, we have taken genetic and biochemical approaches to define the rRNA
promoter-RNA polymerase interaction. Filter binding and footprinting analyses show that RNA
polymerase forms specific, stable complexes with the rrnB Pl promoter, but only in low salt
and when the initiating nucleotides are included in the reaction. The kinetics and
stoichiometry of the interaction have been measured under the required conditions and show
that the rate of binding is as fast as or faster than the rate of binding at any other E.
coli promoter and that only one RNA polymerase molecule per promoter is required.

In DNAase I and hydroxyl radical footprinting experiments, the complex is characterized
by protection slightly upstream of regions protected in typical E. coli promoters. These
likely contacts correlate with a region defined in vivo, the UAS, which is required for
maximal transcription rates and which has the characteristics of bent DNA. Furthermore,
protection experiments with fragments containing or lacking the UAS indicate that the UAS
alters the manner in which RNA polymerase interacts with the rRNA promoter.

Finally, we have found that changing the spacing between the -10 and -35 regions of the
RNA polymerase recognition site has a striking effect on rRNA control and rRNA synthesis
rates in vivo. These will be discussed in terms of the insights they provide on growth rate
dependent control and activation of rRNA transcription initiation.

0 331 BINDING OF HOST- AND VIRAL-SPECIFIC FACTORS TO A BACULOVIRUS
ENHANCER. Linda A. Guarino, Department of Entomology, Texas A&M
University, College Station, TX 77843.

The delayed early 39K gene of Autographa californica nuclear polyhedrosis virus
(ACNPV) is trans-activated by the immediate early IE-1 gene. Transgription of 39K was
enhanced 1000-fold when the viral enhancer hr5 was cloned upstream of the 39K
promoter. Enhancer activity was dependent upon the presence of IE-1, although the
enhancer did not affect the expression of IE-1. To analyze the nature of the interaction
between IE-1 and the enhancer, nuclear extracts were prepared from normal insect cells
and cells which transiently expressed the IE-1 gene product. Gel retention assays
indicated that normal cells contained a factor that bound to the enhancer. DNase
footprint analysis demonstrated that the normal cell factor bound to the conserved 28 bp
inverted repeat. Binding was increased by partial denaturation of the probe. Nuclease
S1 sensitivity indicated that the binding site was located in the double-stranded region
of a stem-loop structure in the palindrome. [E-1 transfected cells contained an
additional binding factor. Competition experiments and DNase footprint analysis
indicated that the two factors bound to different sequences in the 240 bp enhancer
fragment.

0332 » Pry MUTATIONS AFFECT ACTIVATION OF ERM AND REPRESSION OF ER' Gary Gussin, Jen-Jen
Hwang, Julia Ferm and Susan Brown. University of Iowa, Iowa City, Iowa 52242,
The A EiM promoter controls expression of the cI gene, whose product (repressor) acts in two
ways to maintain a prophage: (1) By repressing P, and P, it prevents expression of genes
necessary for lytic multiplication; (2) In binding to the rightward operator Q., it acti-
vates Pp,. Mutations can affect both the intrinsic activity of P, and the degree to which
it is stimulated by repressor. A double mutant that contains a prm” mutation (prmE37) at
-14 and an "up" mutation (prmup-1) at -31 responds poorly, or not at all, to repressor both
in vitro and in vivo. This effect is due at least in part to prmup-1. Although the muta-
tion increases agreement of P, with the consensus promoter sequence, it may affect the con-
formation of P ,-RNA polymerase (RNAP) complexes in such a way that their interaction with
repressor bound to the adjacent operator segment, Q.2, is no longer optimal. This inter-
action was also probed by examining effects of mutations in Py, on repression of By in
vitro. The data indicate that the guantity of repressor necessary to repress P  is in-
versely correlated with the promoter strength of various mutant derivatives of P,,. This
result supports the idea that open complex formation by RNAP at B, enhances repressor
binding to Q;2. Moreover, mutations in the -35 region of P.,, such as prmup-1, also alter
the shape of the P -repressor titration curves. This appears to be due to alteration of
the configuration of bound RNAP, which in turn affects the conformation of a repressor
dimer bound at QR2 in such a way that its cooperative interaction with a repressor dimer
bound at Qﬂl is also disrupted. Thus, a mutation in one promoter (L&H) can affect regula-
tion of a second promoter (BR) through a series of protein-protein interactions.
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0 333 REGULATORY MUTANTS OF THE MU MOM OPERON, Stanley Hattman and Laurel

Wall, University of Rochester, Rochester, NY 14627.
The bacteriophage Mu mom gene encodes a DNA modification function.
Expression of mom is regulated by the host DNA methyltransferase (Dam) and
at least two phage genes, C and com. The C gene product is known to be
required for the "turn on" of other late genes, as well. The com gene
(whose product appears to be required for mom translation) partially
overlaps mom in a different reading frame on the same mRNA transcript, with
com being located proximal to the 5' end. To study transcriptional
regulation of the mom operon, we constructed a mom-lacZ protein fusion
plasmid that produces -galactosidase activity only when Com and C proteins
are provided in dam* cells.

To obtain regulatory mutants, we subcloned a fragment containing the
5' flanking region plus a portion of com into plasmid vectors containing the
M13 origin of replication. Single stranded DNAs were mutagenized in vitro
with nitrous acid. After synthesizing the complementary strand and cutting
with restriction nucleases, the regulatory region was cloned back into the
original mom-lacZ fusion plasmid. C-independent constitutive mutants (tin)
and mutants non-inducible by C (tin®) were identified following
transformation of appropriate hosts. The mutational alteration in each
plasmid was identifed by DNA sequence analysis, and the results of these
studies will be presented.

0 334 COMPARISON OF THE DNA-BINDING ACTIVITIES OF Drosophila HOMEO BOX
PROTEINS. Timothy Hoey and Michael Levine, Columbia University, New York, NY 10027.

even-skipped (eve) is a member of a small group of genes in Drosophila that define the segmentation pat-
tern of the early embryo. eve plays a key role in a network of interactions among segmentation genes;
there is evidence that the eve protein controls morphogenesis by regulating the expression of the segmenta-
tion gene engrailed (en), and by autoregulating its own expression. It is possible that these regulatory in-
teractions occur at the level of transcription since eve contains a homeo box. We show that eve protein
binds with high affinity to specific sequences near the en and eve transcription units. Other Drosophila
homeo box proteins bind to different subsets of the eve protein binding sites with varying affinities. This
supports the the proposal that cross-regulatory interactions among homeo box genes involve a competition
for similar cis regulatory sequences.

0335 THE REGULATION OF THE EXTERNALLY INDUCED PHOSPHOGLYCERATE TRANSPORT SYSTEM OF

SALMONELLA TYPHIMURIUM, Jenshiang Hong, Dianne Goldrick and shu—qin Jiang,

Boston Biomedical Research Institute, 20 Staniford Street, Boston, MA 02114,
S. typhimurium has a phosphoglycerate transport system that is induced only by inducer
outside, but not inside, the cell. E. coli lacks this system. The system has been cloned; it
consists of four genes, PCBA. The P gene encodes the transporter; the A the activator; and
the B and C two regulatory proteins involved in the inducibility of the P gene. All four
proteins are membrane-bound. The complete nucleotide sequence of the transport system has
been determined. The transcription start point (T.S.P.) is at —-43 from the translation start
point. Although the pgtP expression appears to be positively regulated by the A gene,
deletion analysis of the regulatory region indicates that the regulation of the pgtP gene
expresgion is more complex than could be explained by the classical positive control model.
Plasmids with short deletions in the region upstream from the P gene have been constructed,
some of which exhibited constitutive transport phenotype while others exhibited nontransport
phenotype. It appears that the pgtP gene expression is regulated through two sites located
some distance from the T.S.P. The URS (upstream repression site) at -250 to —-300 is required
for repression because its removal renders a constitutive pgtP expression. The UAS (upstream
activation site) at -311 to -395 is necessary for activation since its removal abolishes the
pPatP expression, and is probably the site to which the activator binds since the activation
requires the pgtA gene., These two sites act independently since the spacing between them can
be shortened, by at least 1ll-bp, or lengthened, by 1,444-bp, without any effect on
inducibility of the pgtP expression. (Supported by N.I.H. grant GM31836).
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0 336 IDENTIFICATION AND PURIFICATICN OF A HUMAN IMMUNOGLOBULIN ENHANCER BINDING
PROTEIN NF-kB. Kiyoshi Kawakami, Claus Scheidereit and Robert G. Roeder,
Rockefeller University, New York, NY 10021.

An enhancer binding factor NF-kB, which is found only in cells that tran-
scribe immuno-globulin light chain genes, has been purified from a nuclear
extract of Namalwa (a human Burkitt lymphoma) cells from a sequence speci-
fic DNA affinity column. The purified NF-KB has been identified as a 51 kd
polypeptide by UV crosslinking analysis. Footprint and Methylation inter-
ference analysis have shown that purified NF-kB has a binding activity spe-
cific for k light chain enhancer sequence and for Human Immunodeficiency

Virus-1 promoter sequence.

O 337 REGULATION OF TNF GENE EXPRESSION IN MACROPHAGES. Michael J. Klemsz, Antonio
Celada and Richard A. Maki, La Jolla Cancer Research Foundation, La Jolla, CA
92037.
Stimulation of bone marrow-derived murine macrophages, or the macrophage-like cell
lines P38801 and WR19M.1 with IFNy results in the increased expression of mRNA
specific for tumor necrosis factor (TNF). This induction of increased TNF expression
is at least in part due to the increased transcription of the TNF gene. Stimulation
of murine macrophages or macrophage cell lines with cycloheximide or cycloheximide in
combination with IFNy also results in increased TNF mRNA accumulation. This increase,
however, is due to an increased stabilization of the TNF message. To study the
mechanism by which IFNy regulates the transcription of the TNF loci, we have begun to
define cis-acting 5’ regulatory DNA sequences and specific DNA binding proteins. Al1l
1.4 kilobases of 5’ flanking sequences of the TNF gene have been cloned next to the
assayable CAT gene. Deletion analysis of these sequences indicate that less than 500
basepairs are required for TNF expression, following transient transfection into the
P388D1 cell line. We have sequenced this promoter region and show the existence of a
TATA box approximately 50 basepairs 5’ to the transcription start site. Additionally,
one Spl binding site in the opposite orientation is located 70 basepairs 5’ to the
start site. Analysis of specific DNA binding proteins, isolated from the macrophage-
1ike cell Tines which may be involved in the regulation of TNF expression by IFNy will
be discussed.

0 338 DNA_TOPOLOGY AND ACTIVE CHROMATIN ASSEMBLY IN VITRO. Eric B. Kmiec,
Donna Gadbois, Lindsay Hinck, Timothy O'Neill, Jo Ann Sekiguchi,
Richard Swank, U. of Cal. Davis, Davis, CA 95616. We have examined the
energy requirements of in vitro chromatin assembly using relaxed, circular
DNA templates and a cell-free extract from Xenopus laevis oocytes (S-150).
The deposition of nuclecsomes on circular DNA can occur with endogenous
levels of ATP while extended chromatin assembly requires an additional
energy source. The anti-trypanosomal drug, Berenil, prevents high levels
of DNA supercoiling, but does not block chromatin assembly. This
observation suggests that part of the supercoiled DNA resulting from the
action of the S§-150 may be an unconstrained topological state unassociated

with chromatin structure. Consistent with this hypothesis is our
successful isolation of a protein complex from the S-150 that can introduce
unconstrained supercoils into «circular DNA templates. The gyratory

activity of this complex 1is completely abolished by 5 upM Berenil,
suggesting that the enzyme which catalyzes the reaction is a Type I
Topoisomerase. The addition of this protein complex to a transcription
reaction stimulates the level of RNA Pol III gene expression 5-fold whereas
purified Xenopus laevis Type I Topoisomerase diminishes the transcription
signal. The role of DNA topology in the establishment of an active
chromatin template may be to introduce subtle structural changes that lead
to a more desirable or accessible DNA template to which factors can bind.
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O 340 DNA SUPERCOILING INFLUENCES DNA LOOP FORMATION, Helmut Kramer, Michéle
Amouyal*, Alfred Nordheim and Benno Miller-Hill, Institut fir Genetik
der Universtdt zu Kéln, Weyertal 121, 5000 Kéln 41, FRG, *Institut Pasteur,
Départment de Biologie Moléculaire, 25, Rue du Dr Roux, 75724 Paris Cedex,
France and Zentrum fir Molekulare Biologie der Universitdt Heidelberg, Im
Neuenheimer Feld, 6900 Heidelberg, FRG.
Tetrameric lac repressor can simultaneously bind to two lac operators, forcing
the intervening DNA to form a loop. We used a gel retardation assay to in-
vestigate the influence of DNA supercociling on DNA loop formation in tope-
isomers. We constructed 15 DNA minicircles carrying two lac operators at
distances ranging from 153 to 168 bp. Low DNA supercoiling (¢=-0.023) had
little effect when operator spacing was optimal for loop formation in linear
DNA (158 bp). In contrast, the stability of ONA loops was drastically in-
creased at a operator spacing of 163 bp, where no loops could be found with
relaxed minicircles. The altered spacing requirement for the formation of
the most stable loops indicates an altered helical repeat of 10.7 bp for
these DNA minicircles. Elevated DNA supercoiling (6=-0.046) enhanced the
stability of the complexes at all distances tested. These results hint, fthat
alterations of DNA supercoiling in vivo might alter the capability of DNA

bound proteins to interact at a distance.

0341 E. COL] RNA POLYMERASE ABORTIVE INITIATION AND ELONGATING COMPLEX
FORMATION: ROLES OF THE PROMOTER AND EARLY TRANSCRIBED SEQUENCES,
Barbara Krummel and Michael J. Chamberlin, U. of California, Berkeley, CA 94720.
Woe are studying the properties and structure of E, coli RNA polymerase complexes formed at a
variety of promoters during the early steps of initiation and chain elongation. The sites used include
phage T7A1,2 PL, or Tac promoters as well as hybrid sites at which the initially transcribed
sequences have been altered. Previous studies have shown that initiation complexes possess
sigma factor, have a DNase | footprint similar to an open promoter complex, and transcripts formed
by such complexes can be released (abortive initiation). Transition of the initiation complex into an
elongating complex leads to a decreased DNase | footprint, greatly increased stability of transcript
association and, at some point, release of sigma factor. We have used nondenaturing PAGE and
gel filtration columns to isolate ternary complexes which are assayed for sigma factor content and
DNase | footprinted. Our results show that alteration of the transcribed sequence (from +1) can
change the pattern of aborted transcripts and may alter the point of transition from an initiating to an
elongating ternary complex as well as the probable point of sigma release. However, it is not the
early transcribed sequence alone that is the determining factor. Two templates with different
promoters, but identical transcribed sequences, each have unique abortive transcription patterns
and potential transition points. Synthesis of a 6 nucleotide transcript is sufficient for isolation of a
stable ternary complex on one of these templates while an 11 nucleotide transcript is required on
the other. The unique combination of promoter and early transcribed regions control abortive
initiation and may regulate the transition from initiation to elongation.

O 342 INHIBITION OF TRANSCRIPTION ELONGATION BY THE BACTERIOPHAGE T4 ALC GENE PRODUCT.
E. Kutter, R. Drivdahl, K. d'Acci & B. Guttman, Evergreen, Olympia, WA 98505

The T4 alc gene product inhibits the transcription of cytosine-containing DNA. It is
involved in T4's shutoff of transcription of its bacterial host and of other phage, working
together with the T4 gpalt, which is injected with the phage DNA and ADP ribosylates the
polymerase. Looking at hybridization of labeled RNA to specific cloned host genes, we find
that the shutoff of host transcription is delayed by several minutes with (alc, endoll,
endolV) and (alc, alt, mod, endoIV) mutants but is still largely complete by 10 minutes.

The inhibitory effects can also be observed in vitro when the polymerase is partially
purified through heparin agarose. Gpalt is responsible for a 50% drop in activity within
the first minute after infection, while gpalc is responsible for a further 2-3 fold drop
over the next 4 minutes when dC-DNA is used as the template. (This latter drop is not seen
on dHMC-DNA templates.)

Rifampicin challenge, end labeling with gamma—32P ATP, and selective initiation with a
dinucleotide (using a T7 DNA template) all indicate that gpalc's inhibition of transcription
is due solely to inhibition of elongation; initiation rates are unaffected. Binding of
gpalc to the polymerase is weak. Wild-type (but not mutant) gpalc copurifies with the
polymerase through heparin agarose but not in subsequent steps. Immunoprecipitation also
indicates that gpalc is not tightly bound to RNA polymerase intracellularly. Gpalc also
binds to dC-DNA (as was reported also by Snustad et al., J. Virol. 60:1185). The most
likely model is that gpalc inhibits transcript elongation by interaction with actively
transcribing core polymerase in conjunction with cytosine-rich sequences on the template.
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0343 IDENTIFICATION OF AN INTERGENIC TERMINATION SITE BETWEEN THE 1AC Z
AND Y GENES OF ESCHERICHIA COLI, Catherine Kwan, George J. Murakawa
and Donald P. Nierlich, Mc. St. Mary’s College and UCLA, L.A., CA 90024.

The lac Z, Y and A genes of E. coli span a region of over 5300 nucleotides.
Surprisingly, we have demonstrated that the predominant lac mRNA species
present in cells is the 3000 nucleotide lac Z transcript. We have also
determined the 3’ terminus of this transcript using S1 nuclease mapping. The
3’ terminus is located 40 nucleotides after the last translated codon of lac
Z. A G:C rich hairpin structure followed by a stretch of U's can be
constructed at this site. This structure resembles a rho independent
termination site.

In order to further establish that this site functions as a transeriptional
termination we have carried out in vitro transcription experiments. A plasmid
was constructured that has the X Pp promotor fused to the distal protion of
lac Z and the intergenic area between lac Z and Y. This plasmid was used in
an in vitro transcription system with purified E. coli RNA polymerase. The
RNA products were analyzed by gel electrophoresis. The results show clearly
that termination occurs at this intergenic site.

0 344 TOPO I AND TOPO II CLEAVAGE SITES IN POLYOMA MINICHROMOSOMES.

Marialuisa Lavitrano, Terumi Kohwi-Shigematsu, and Corrado Spadafora,
La Jolla Cancer Research foundation, La Jolla, CA 92037.
We have mapped the cleavage sites of Topoisomerases I and II on the polyoma mini-
chromosomes in 3T6-infected cells by use of m-AMSA, VM 26, and Camptothecin. m-AMSA
and VM 26 induce Topo II cleavage both in the coding and the regulatory regions. An
almost identical pattern of five discrete bands is shared by both drugs in the enhancer
region. In contrast to the cleavage pattern of the enhancer region, that of the coding
region shows considerable differences with very few, if any, common sites between
m-AMSA- and VM 26-treated cells. Such patterns remain almost unmodified between 22 and
36 hours after virus infection. We have found that some of these Topo II sites,
especially those induced by m-AMSA, are matched by S1 hypersensitive sites determined
on polyoma chromatin and on extracted DNA. Topoisomerase I inhibitor, Camptothecin,
induces cleavage almost exclusively on transcribed regions while a major cleavage site
was found in the enhancer region.

0 345 SITE SPECIFIC PERTURBATION ANALYSIS OF PROMOTERS. J.Lebowitz,

J. Sullivan, B. Johnson and P. T. Chan. University of Alabama at
Birmingham, Birmingham,Alabama 35294,

In order to gain further insight into the different sets of interactions
that control the functional stages of transcription initiation we need to
be able to probe changes in RNA polymerase~-promoter contact interactions
at different sites in the promoter and correlate these changes with the
parameters that govern promoter activity. We are exploring the following
strategy to accomplish this objective. The lac UV 5 promoter, as a model
system, is being synthesized in such a way that a nucleotide gap exists
at a specific site exposing a base for site directed chemical modifica-
tion. This exposed base will then be modified with a reagent specific
for this unpaired base. After modification a fully duplex structurally
perturbed promoter is generated by further manipulation of the oligo-
nucleotide strands. This structurally perturbed promoter can now be
examined for changes in: 1. contact interactions; 2. RNA polymerase
binding; 3. abortive initiation; and 4. abortive cycling vs. active
transcription. By introducing unique modifications at other sites and
repeating the analysis for perturbed functions we hope to develop an
understanding of the molecular parameters that govern promoter activity.
Supported by American Cancer Society Grant NP-582.
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O 346 EFFECTORS OF THE STEPS IN E. COLI RNA POLYMERASE TRANSCRIPTION INITIATION,

S. Leirmo and M. T. Record, Jr., Depts. of Chemistry and Biochemistry,
University of Wisconsin, Madison, Wisconsin, 53706
Roe and Record (1985 J. Mol. Biol. 185, 441) proposed a three-step mechanism for open
complex formation of the APr promoter: initial binding, protein isomerization, helix
opening. We have examined the effects of cation and anion concentration and type and
DNA supercoiling on both the bimolecular and isomerization association rate constants.
Cation release in the initial binding step alone accounts for most of the salt depen-
dence of the overall process. The nature of the anion dramatically affects both ini-
tial binding and subsequent isomerization steps, with rate constants increased 2-50
fold by substitution of the organic anions acetate and glutamate for chloride, yet
the net number of anions involved is small. Anion effects are expected to be protein-
based since under these conditions E. coli RNA polymerase conformational equilibria
are anion dependent while DNA helix opening is not. Anion effects on the magnitude
of the association rate constants correlate well with measurements of anion interac-
tions with protein surface area {Arakawa and Timasheff, 1984, Bjochemistry 23, 5912),
and support the proposal that isomerization to the open complex involves burial of
protein hydrophobic surface. Substitution of a supercoiled for a linear template
also increases both bimolecular and isomerization rate constants.

O 347 INTERACTION OF LYMPHOID-SPECIFIC NUCLEAR PROTEINS WITH THE OCTAMER
MOTIF OF THE HUMAN INTERLEUKIN-4 GENE, Min Li-Weber, Astrid Eder,
Anke M.J. Peters and Peter H. Krammer, Institute for Immunology and
Genetics, German Cancer Research Center, D-6900 Heidelberg, FRG.
B-cell stimulatory factor (BSF-1)/Interleukin-4 (IL-4), a lymphokine
secreted by activated T cells, has multiple biological activities
affecting growth and differentiation of B-cells, T-cells, and mast
cells. The human IL-4 gene, Tike most eukaryotic genes, contains a TATA
box 19-26 bp upstream from the 5 end and multiple transcriptional
control elements, i.e. one octamer motif and two CCAAT boxes upstream of
the TATA box. Three distinct nuclear proteins interacting specifically
with the octamer motif of the human IL-4 promoter region have been
detected. Among them two octamer-binding proteins (0BP) (0BP-1 and
0BP-2) may be lymphoid-specific. 0BP-1 and 0BP-2 may regulate IL-4 gene
activation. We demonstrated that at least one of these two proteins is
distinct from the lymphoid-specific octamer binding factor NF-A2
previously studied ( Staudt, L.M. et al., Nature 323, 640, 1986).

0 348 PHOTOAFFINITY LABELING OF E. COLI RNA POLYMERASE/POLY-dAT TRANSCRIPTION
COI;/IGPLEXES, Claude F. Meares and Thomas M. Stackhouse, University of California, Davis, CA
95616.
To elucidate the molecular interactions during transcription by E. coli RNA polymerase, we have performed a
quantitative analysis of the photoaffinity labeling produced by an aryl azide positioned at the leading (5) end of the
nascent RNA. Macromolecular contacts on the path of RNA across the transcription complex containing the
template poly{d(A-T)] are observed as a function of the length of the transcript. Quantitative analysis provides the
percent yield of photoaffinity labeling in the transcription complex by each length of RNA. Significant yields are
observed for DNA, the f3/B' subunits (analyzed together), and the ¢ subunit. The o subunit is not labeled under
these experimental conditions. The DNA template is labeled by the leading ends of RNA molecules 5-18 bases
long, with yields ranging from 1-6%. Photoaffinity labeling of the poly[d(A-T)] is also observed for many transcript
lengths longer than 18, but the yields are too low to quantitate. Labeling of the B/B' subunits occurs with ~50%
yields for transcripts of lengths 212; low but significant labeling yields of 1-8% by shorter RNAs (3-10 nucleotides)
are observed. The RNAs most likely to be photoattached to the o subunit are 9-12 nucleotides long, with a
maximum photoaffinity labeling yield of 15% by the decanucleotide. Labeling of the ¢ subunit is low but still
detectable for transcript lengths >12. These results modify the conclusions of previous work concerning the release
of ¢ from an E. coli RNA polymerase/poly [d(A-T)] transcription complex (U. Hansen and W. R. McClure, J. Biol.
Chem. 255, 9564-9570 [1980]). The photoaffinity labeling of ¢ in poly[d(A-T)] transcription complexes differs
from the results observed with DNA containing either the lambda PR or the T7 A1 promoter (S. L. Bernhard and C.
F. Meares, Biochemistry 25, 5914-5919 [1986]), providing further evidence that the interaction between the nucleic
acids and the ¢ subunit in the transcription complex depends on the nucleotide sequence.
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0349 GE REGULATION (F SUCCINATE DEHYDROGENASE IN B, SUBITLIS. Lars Melin, Alex von Gabain ard
*Lars Rutberg. Dept. of Bact. Karolinska Inst. Box 60400, S-104 Stockholm. *Dept. of
Mcrdbiology, University of Lund, Solwveg. 21 $-223 62 LIND.
Succinate dehydrogenase (SDH) in B. subtilis is a menbrane-bound enzyme complex containing equimolar
amounts of 3 suounits:  cytochrare bggg, flavinprotein, and iron-sulfur protein. The structural
genes for these subunits are arranged in an sdh operon; the direction of transcription is
cytochrame-flaveprotein - iron-sulfur protein. The genes have been cloned and sequenced with John
Quest, University of Sheffield. A sigma 43 pramoter region is 90 bp upstream of the ATG initiation
coden for the cytochrare gere.  This region, TTGAGG - 17 nt — TAARAT is preceeded by an A-T rich
region (80% A-T) of about 30 kp. sdh-115 which reduces SDH enzyme protein and activity to less than
0.5% of wild type is a G to A transition in the -35 region, correlated with a decreased production
of sch specific miRNA. Regulation of SDH is camplex. When the bacteria reach the post-exponential
growth phase, enzyme protein and activity increase 2 to 4-fold., SDH is also subjected to glucose
repression. When 100 bp. upstream the -35 region of the pramcter is deleted, the inducibility of
the operon is lost. The sch pramoter region has been inserted upstream of a pramcterless cat gene
in a derivate of the high copy plasmid pPL1603. No effect of gluoose or growth phase on cat
expression was seen with this construct in B, subtilis. A fragrent of this plasmid containing the
sdh prarcter region ard the cat gene was then inserted into the B. subtilis chramosame in tandem
with the sth cperon. When present as single copy cat gene expression showed the same growth phase
dependence and glucose sensitivity as the sch operon.

O 350 DEVELOPMENTAL REGULATION OF AN RNA POLYMERASE SIGMA FACTOR, Charles P.

Moran, Jr. and Teresa J. Kenney, Emory University School of Medicine,

Atlanta, GA 30322.
Bacillus subtilis produces several RNA polymerase sigma factors. Two of the
secondary sigmas are essential for endospore formation -- o8, which is present in
vegetative cells, and oE, which is produced exclusively after the start of
endospore formation. The structural gene that encodes o“ is part of the spolIG
operon. Transcription of this operon is activated after the start of sporulation.

We have determined the start-point of transcription and nucleotide sequence of the
SpoIIG pramcter. This promoter contains sequences that are similar to those found
at the =10 and =35 regions of pramoters that are used by EJA, the primary form of
RNA polymerase in vegetative cells; however, the ~35-like sequence is centered at
position -40. Single base substitions in these ~10 and -35-1like sequences reduced
utilization of the spolIG promoter in vivo. BB, but not Es! or other secondary
forms of RNA polymerase, accurately initiated transcription from the spoIIG

pramcter in an in vitro assay; therefore, we suggest that Es® transcribes the
SpoIlG operon. The effects of mutations in this promoter lead us to speculate

that regulation of this sporulation specific transcription may involve a novel
activator that binds near the -10 region of the promoter and compensates for the
unusual spacing between the =10 region and the -35-like sequence.

0 351 SECONDARY STRUCTURES IN SUPERCOILED PLASMID DNA ARE LOCATED AT PROMOTERS
AND REPLICATION ORIGIN IN VITRO AND IN VIVO. P.H. Noirot and R.P. Novick, Department of

Plasmid Biology, Public Health Research Institute, New York, N.Y. 10016.

pT181 is a naturally occurring plasmid of Staphylococcus aureus, fully sequenced and genetically well characterized. The

structure of its supercoiled DNA was investigated in vitro using nuclease S1 as a probe for single siranded regions. The

major S1-sensitive sites mapped in two strong promoters of the plasmid. Minor sites mapped in the replication origin and

in a third promoter. These sites correspond either to potential hairpins or to locally denatured A-T rich regions.

It is striking that in a plasmid which is 70% A-T rich, all the Sl-sensitive sites detected in vitro are located in
regions of biological significance (which are not the most A-T rich regions). This shows that DNA sequences having
promoter or replication origin functions may have special physical properties at the level of DNA itself.

The presence of in vivo secondary str was investi d by using bromoacetaldehyde (BAA), which can

react with unpaired A and C residues in vivo. We found that all of the sites that we had characterized in vitro also
reacted with BAA in vivo but with different frequencies. For instance, the promoter of the pre gene, encoding a site-
specific recombinase (Pre) (M.L. Gennaro et al (1987) J. Bacteriol. 169, 2601-2610), is the weakest S1-sensitive site in
vitro and the strongest site in vivo.

The pre promoter sequences overlap the sitc at which Pre-mediated recombination occurs. We are currently test-
ing the hypothesis that the increased sensitivity to BAA in vivo is a consequence of increased DNA unwinding due to the
interaction between the Pre protein and its recombination site.
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O 352 A PUIATIVE NATURALLY OCCURRING "NULL RECEPTOR"™ MAY BFHAVE AS A REPRESSCR OF
GIUODCORTICOID INDUCTBLE GENES. James S. Norris, S.L. Macleod and L.E.
Cornett, Departments of Medicine and Physiology/Biophysics, University of Arkansas

Medical School, Little Rock, AR 72205.

The smooth muscle derived DDTy MF2 wild type (WI) cell line has a mumber of well
characterized genes and pathways that are responsive to glucocorticoids. A nonresponsive
variant of WI' cells has been isolated (GR1L). This cloned line has 60-70% of the WI
glucocorticoid receptor but only 18% of the steroid binding capacity. Our data suggests
the variant receptor is a "mull receptor." To our surprise, glucocorticoid receptor
expression vectors transfected into GR1 cells failed to reconstitute glucocorticoid
inducible CAT activity suggesting the possibility of a receptor processing defect. To
test this hypothesis, human estrogen receptor (HEO) and Vit-TK-CAT plasmids were
introduced. Estradiol induced CAT activity in both variant and WI cells thus
demonstrating that estrogen receptors were able to transactivate ERE's. From these and
related data a second hypothesis was proposed which suggests the variant glucocorticoid
receptor represses transcription of GRE containing enhancers in the presence or absence
of glucocorticoid. This is being tested. The preliminary results demonstrate hMtIIa-CAT
can be activated in WI cells by 1x10~8M glucocorticoid, aldosterone or 100 uM ZnCl,. In
the variant neither glucocorticoid, aldosterone nor ZnCl, activate the reporter. These
data are consistent with our second hypothesis. Further work with deletion mutants will
be presented. Supported by GM 30669.

0 353 PURIFICATION OF PROTEINS WHICH BIND TO THE PUTATIVE NUCLEAR FACTOR I BINDING SITE
IN THE MOUSE a,(1) COLLAGEN PROMOTER. Jouko Oikarinen and Jukka Ristiniemi, Colla-
gen Research Unit and Biocenter, University of Oulu, Oulu, Finland

We have previously demonstrated that a factor that is identical or related to nuclear factor
I (NF I) binds to a region from -315 to -295 with respect to the start of transcription in
the mouse @9(I) collagen promoter (J. Biol. Chem. 262, 11064-70, 1987). Based on functional
deletion analysis, this region is needed for efficient expression of a chimeric gene driven
by the promoter, Recently, we have purified a protein which binds to this site from rat
liver using heparin-agarose chromatography and two successive DNA recognition site affinity
chromatographies. About 1800-fold purification over nuclear extract was achieved. SDS~-
polyacrylamide gel electrophoresis and silver staining revealed a major band, 32,000 of
molecular weight, and a faint 64,000-molecular-weight band. The preparation contains two
activities which can be separated by gel filtration on a Sephacryl $-300 matrix. Using this
purified factor and gel retardation assay or DNase I footprinting, several additional
binding sites for this factor were found in the a9(I) collagen promoter fragment spanning
from -1340 to +1520. Dissociation constants for several promoter fragments were determined
using nitrocellulose filter binding assay. They range from 20 nM to 3.5 nM, when the con-—
sensus sequence for NF I has a dissociation constant of 0,45 nM,

0 354 ZINC-DEPENDENT STRUCTURE AND DNA BINDING OF A SINGLE FINGER DOMAIN OF ADRI.

Grace Pdrraga, Suzanna J. Horvath*, Arri Eisen, Wayne Taylor, Leroy Hood*, ET. Young and Rachel E.
Klevit. Department of Biochemistry, University of Washington, Seattle WA 98195  *Department of Biology,
California Institute of Technology, Pasadena CA 91125
The ‘zinc-finger' DNA-binding motif has been proposed on the basis of sequence analysis, partial proteolysis,
and zinc content of Xenopus transcription factor IITA. Other eukaryotic proteins have subsequently been found to
contain contiguous repeat umits of this postulated DNA-binding domain. The yeast protein ADRI1, a positive
regulator of transcription of the glucose-repressible alcohol dehydrogenase gene (ADH2) contains 2 adjacent
finger domains. Point mutations in ADR1 showed that specific conserved residues within the finger domains were
essential for function.
A 31 residue peptide corresponding to the second zinc finger domain of ADR! was chemically synthesised by the
step-wise solid phase method and purified by reverse-phase HPLC. Circular dichroism spectroscopy indicates
that the peptide adopts a folded structure in the presence of zinc; the presence of 5mM ZnCly resulted in an
increase in negative ellipticity at 222 nm and 208 nm, suggestive of the formation of w-helical structure in the
peptide. The peptide also binds Co2+ and the absorption spectrum of the peptidc-C02+ complex is consistent
with tetrahedral coordination of the metal ion. Furthermore, !H NMR spectroscopy indicted that the peptide
exists in a single major conformation in the presence of zinc. In addition, histidine residue resonances were
shifted suggesting they are involved in liganding zinc. 2D 1H NMR NOESY spectra have allowed an assignment of
the residues involved in the a-helix suggested by the CD spectroscopy and a model has been proposed for the
single ‘zinc-finger’.  Finally, data will be presentied illustrating the zinc-dependent DNA-binding properties of

the peptide, supporting the hypothesis that a single 'zinc-finger' is an independent structure sufficient for DNA
binding.
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O 355 FUNCTIONAL ANALYSIS OF THE HEPATITIS B VIRUS ENHANCER
ELEMENT , N.U,Patel,S.Jameel and A. Siddiqui. Dept, of
Microbiology/Immunology, University of Colorado Medical
School, Denver.

We have previously shown by means of gene transfer
experiments that the human hepatitis B viral (HBV) enhancer
exhibits cell-type specificity for human hepatoma cells and
that this is due to the presence of trans-acting factor(s)
present in the liver cells. Using gel retardatiOn and Dnase 1
protection assays we show the binding of multiple proteins to
the enhancer DNA in vitro.

Mutational studies at some of these Dnase I protected
regions were carried out in order to determine not only , (1)
the functional significance of these protein-DNA interactions
but (2) to better understand the factor(s) involved in cell-
specific interactions.

0356 A DNA BINDING PROTEIN ACTS AS A TRANSCRIPTIONAL ROADBLOCK
P. A. Pavco and D. A. Steege, Duke University, Durham, NC 27710

What results when an elongating RNA polymerase encounters DNA-bound protein is of general interest.
To ask if a protein bound tightly to a specific sequence blocks further elongation by E. coli RNA polymerase,
transcription on templates associated with a mutant of the EcoRI endonuclease has been studied in vitro.
This protein (E111G) binds to the wild type recognition sequence with high affinity yet carries out no
appreciable cleavage (1, 2). When a DNA template containing one EcoRI site is transcribed in the presence of
E111G and rifampicin, two RNA products are seen: a full-length runoff transcript and a truncated RNA
species whose 3' endpoint is immediately upstream of the EcoRI recognition sequence. Under conditions of
complete binding by E111G, the shorter transcript is the major RNA species appearing. Blockage appears
long-lived and not dependent on the DNA sequence context upstream of the EcoRI site. During steady state
transcription an additional RNA 3 endpoint, due to a second RNA polymerase stalled behind the first, is seen.
From analysis of the RNA 3' ends, the position of the 3' terminal ribonucleotide with respect to the leading
edge of the RNA polymerase ternary complex has been located.

1. King, K., Wright, D. and Modrich, P. (1986) Fed. Proc. Abstracts 45, 1913.
2. King, K., Benkovic, S. J. and Modrich, P. (submitted).

O 357 THE TRANSCRIPTIONAL ACTIVATORS OF HTLV-I, HTLV-1I AND BLV ACTIVATE EXPRESSION

OF THE HUMAN c-fos PROMOTER. George N. Pavlakis, Nicholas Grammatikakis and
Barbara K. Felber, NCI-Frederick Cancer Research Facility, BRI-Basic Research Program,
Frederick, MD 21701.
The viruses belonging to the HTLV-1 family (HTLV-I, HTLV-II and BLV) have similar genome
organization and encode transcriptional activators of their LTR promoters. These
activators act via an approximately 10 bp cis-element that has characteristics of an
inducible enhancer. This element also exists within the human and mouse c-fos promoters
and in an area shown to be important for PDGF stimulation. We have shown that the c-fos
promoter is activated by the transactivators of HTLV-I, HTLV-II and BLV after
transfections in mouse cells. Research sponsored by the National Cancer Institute, DHHS,
under contract No. NOI-C0-74101 with Bionetics Research, Inc.
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0358 CRYSTALLIZATION OF THE MET REPRESSOR FROM £. coli. )
Simon E.V. Phillips' , John B. Rafferty Carlos Rojas®, Ginette
Boulot:’, Isabelle Saint-Girons®, Yvonne Guillou® and Georges N. Cohen”,
(1) Astbury Department of Biophysics, University of Leeds, Leeds LS2 9JT
UK, (2) Departamento de Fisica, Universidad Nacional de Colombia, Bogota,
Colombia, (3) Institut Pasteur, 28 rue du Dr. Roux, 75724 Paris, France.

The met repressor from E. coli is the product of the MetJ gene, and
controls transcription of genes for the biosynthesis of methionine, with
s-adenosylmethionine acting as corepressor. It contains a region of
sequence related to the first part of the “"helix-turn-helix" motif of
other repressors, but lacking part of the second helix. It has been
crystallized in space group P21, with unit cell dimensions a=35.6, b=62.6,
c=44 .54, B=102.4° and one aporepressor dimer per asymmetric unit.
Preliminary X-ray diffraction photographs show measurable intensities to
beyond 1.5A resolution, and low-resclution crystallographic analysis shows
it to be a dimer with two-fold symmetry, consisting almost entirely of a-
helices. High-resolution structural results will be presented if
available.

0O 359 ANALYSIS OF THE MOUSE «1-GLOBIN GENE PROMOTER, Mark Plumb, Kay Macleod,

Helen Wainwright, Mark Walker, Jonathan Frampton and Paul Harrison, The Beatson
Institute for Cancer Research, Glasgow, U.K.
Using footprint analyses and functional assays using promoter sequences linked to the CAT
gene in transient transfection assays, we have identified two erythroid-specific
regulatory domains within 250bp 5' from the #1-globin gene CAP site. One contains the
CCAAT and CACCC motifs. In some tissues, binding to the CCAAT box by the ubiquitous
CCAAT-binding protein (CBP) is prevented by the binding of a displacement protein ( «P2b)
which binds to an overlapping sequence. The relative nuclear concentration of CBP and
#P2b may determine the transcriptional activity of the promoter. A second domain contains
a sequence (GATAAG) which is bound by an erythroid-specific protein conserved in chicken,
mouse and human. The GATAAG motif is found in the 5' flanking promoter sequences of a
variety of globin genes including the mouse B -major, and chicken o -pi, #-D and B -rho
globin genes (Kemper et al (1987), Mol. Cell Biol. 7, 2059). Functional analyses suggest
that the tand -maj GATAAG elements respectively confer a 2 and 8 fold erythroid-specific
enhancement of CAT gene transcription in erythroleukemia cells compared to fibroblasts.

0360 A PUTATIVE DNA-BINDING DOMAIN WITHIN THE virG LOCUS OF THE A. rumefa-

ciens Ti PLASMIDS, Bradford S. Powell and Clarence 1. Kado, Department of Plant
Pathology, University of California, Davis, CA 95616. Positive regulation of virulence (vir)
genes contained within tumor-inducing (Ti) plasmids of Agrobacterium tumefaciens is
mediated by virA and virG in the presence of phenolic compounds exuded by wounded
plant cells. A model for vir-gene regulation is based on homologies between amino acid
sequences derived from virA and virG and those from a family of two-gene regulatory
systems of various bacterial taxa. By similarity virA would encode a signal-transducer
and virG a transcriptional activator., The nucleotide sequence of virG of the nopaline-type
plasmid pTiC58 was determined and found to have 77% identity to virG of the octopine-
type plasmids, and therefore is also homologous to the family of regulatory genes. The
inferred VirG protein is most similar to its homologues in the carboxy-terminal region
which is believed to contain the domain responsible for transcriptional activation. A. plot
of predicted secondary structure reveals within this region an alpha helix-turn-alpha
helix which is conserved between virG genes of the two types of plasmids but not among
the family of regulatory genes. A gene fusion has been constructed and hybrid protein
missing the amino-terminal half of VirG has been isolated to test the possibility of a DNA-
binding domain in the carboxy-terminal region of VirG.
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O 361 THE E.COLI MALTOSE REGULON. Evelyne Richet, Dominique Vidal-Ingigliardi and Olivier
Raibaud. Unité de Génétique Moléculaire, Institut Pasteur, Paris.

The expression of the E.coli maltose regulon is controlled by Mall, a transcriptional
activator. The protein (Mr =102,000) has recently been purified to homogeneity in an active
form and shown to be an ATP-binding protein. In agreement with in vivo observations, the
purified MalT protein alone stimulates initiation of transcription at malPp by the RNA
polymerase holoenzyme, whereas both MalT and CRP (cAMP Receptor Protein) are required for
activation of transcription at malEp and malkp. MalT binds promoter regions that contain
the conserved hexanucleotide 5'- /GGA-3", a sequence genetically identified as the site
of action of MalT. MalT binding to DNA depends strictly upon the presence of both ATP and
maltotriose, the inducer of the regulon.

malEp and malKp, a pair of divergent promoters which control the synthesis of the
transport system components, have been further characterized. Genetic experiments indicate
that these promoters are functionally coupled; malKp activity strongly depends on the MalT
binding site(s) proximal to malEp (at -240 upstream of malKp), and vice versa. The
intergenic region contains four Efﬁg-binding sites. malEp and malkp therefore appear to
extend over ~ 240 bp, encompassing several series of binding sites for both activators, CRP
and MalT.These features are reminiscent of eukaryotic promoters. When present alone, MalT
binding to the malEp/malkp region induces a DNase I cleavage pattern in the central region
which is characteristic of a DNA loop or DNA wrapping on a protein core. In-phase insertions
in the middle of this region do not inactivate these promoters whereas insertions which are
out of phase inactivate them.

0 362 ACRIDINE-INDUCED FRAMESHIFT IN BACTERIOPHAGE T#, Lynn S. Ripley,
University of Medicine and Dentistry of New Jersey, Newark, NJ 07103

The type II topoisomerase of bacteriophage T# is a central determinant of the frequency and
specificity of acridine-induced frameshift mutations. Acridine-induced frameshift mutagenesis is
specifically reduced in a mutant defective in topoisomerase activity., The ability of an acridine to
promote topoisomerase-dependent cleavage at specific DNA sites in vitro is correlated to its
ability to produce frameshift mutations at those sites in vivo. The specific phosphodiester bonds
cleaved in vivo. The cospecificity of in vitro cleavage and in vivo mutation implication acridine-
induced, topoisomerase-mediated DNA cleavage as intermediates of acridine-induced mutagenesis
in T4.

We have examined the effects of nucleotide sequence changes on topoisomerase-mediated
cleavage and mutagenesis. The types of changes leading to altered activity of topoisomerase will
be discussed.

O 363 CHROMOSOMAL LOOP/NUCLEAR MATRIX ORGANIZATION OF TRANSCRIPTIONALLY
ACTIVE AND INACTIVE RNA POLYMERASES IN HELA NUCLEI, Michel Roberge and E.
Morton Bradbury, University of California, Davis, CA 95616.
The relative distribution of transcriptionaily active and inactive RNA polymerases I and Il between the
nuclear matrix/scaffold and chromosomal loops of HeLa cells was determined. Total RNA polymerase
was assessed by immunoblotting and transcribing RNA polymerase by a photoaffinity labeling
technique in isolated nuclei. Nuclear matrix/scaffold was isolated by three methods using high-
intermediate- or low- salt extraction. The distributions of both transcribing and non-transcribing RNA
polymerases differed considerably with the different methods. Intermediate-salt followed by high-salt
treatment of DNAse I-digested nuclei released all transcribing and non-transcribing RNA polymerases.
Either intermediate- or high-salt treatment showed significant association of RNA polymerases with the
nuclear matrix which can be interpreted as artifacts. Nuclear scaffolds isolated with lithium
diiodosalicylate (low-salt) contained very little RNA polymerase. This treatment, however, dissociated
RNA polymerase II transcription complexes. These results show that RNA polymerases, both in their
active and inactive forms, are not nuclear matrix proteins and suggest that they are not fixed but move
around DNA loops during transcription.
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O 364 GENETIC ANALYSIS OF MerR, THE POSITIVE/NEGATIVE REGULATORY PROTEIN OF THE TN21 MER
OPERON. Wilma Ross, Soon Jung Park and Anne 0. Summers, Department of
Microbiology, University of Georgia, Athens, Georgia 30602.

The 16kd MerR protein regulates transcription from the Tn2l1 mer operon both negatively, in

the absence of Hg(II), and positively in the presence of Hg(II). We have constructed a

multicopy operon fusion of the mer promoter to lacZ, in which three levels of expression

from the mer promoter can be clearly observed: repressed, unregulated or derepressed

(MerR-), and Hg(II)-activated. This fusion plasmid was used to isolate hydroxylamine-

generated mutants defective in MerR-mediated regulation. Several classes of mutants have

been identified, including both MerR mutants and cis-acting mutants. Among the most
interesting MerR mutants are those selectively altered in only one of the two MerR
functions, either repression or induction. Members of one class are defective for
induction, but retain full repression activity in the absence of Hg(II). A majority of
these mutants map in the carboxy terminus of MerR. A subclass of the induction defective
mutants remains fully repressed in the presence of Hg(II). These contain mutations in 3 of
the 4 cysteine residues of MerR, indicating a critical role for these residues in MerR
function, possibly as ligands for Hg(II). Other induction defective mutants show a slight

response to Hg(II), resulting in partial or full derepression. This subclass includes a

mutation in the second of two potential helix-turn-helix regions of MerR, regions possibly

involved in DNA binding. An additional class of MerR mutants is derepressed in the absence
of Hg(II), but fully Hg(II)-inducible. This class includes mutations resulting in partial
activation of transcription in the absence of Hg(II).

0 365 TRANSCRIPTIONAL ACTIVATION BY SINGLE-STRANDED DNA BINDING PROTEINS.
Nam Young Baek and Lucia B. Rothman-Denes University of Chicago,
Chicago, I11 60637.

Coliphage N4 utilizes three different RNA polymerases for transcription of its
72 kb double-stranded linear DNA genome. ¥e have previously shown that early
transcription is catalyzed by a phage-coded. virion encapsulated RNA polymerase.
This enzyme requires supercoiled template and E. coli single-stranded DHA
binding protein (3SB) for promoter recognition. Activation by SSB is specitic,
no other single-stranded DNA binding protein can substitute.

N4 late transcription is carried out by the E._coli RNA polymerase. Sites of
late transcription initiation have been identified. There is no interhomology
between these sequences at -10 and -36 and lov homology to the E_ coll
sigma-70 consensus sequence. The sequence AGTCGGTT is found near all late start
sites anl 1is located primarily between +1 and -10. DNAs carrying these sequences
«re poor templates for jin vitpo tramscription by E. coli RNA polymerase. In vivo
utilization of late transcription initiation start sites is not dependent on N4
DNA replication but requires the activity of the N4-coded single-stranded DNA
binding protein (N4 DBP). Experiments are in progress to determine the role. it
any, of the conserve octamucleotide in promotsr recognition and the mechanism of
transcriptional activation by N¢ DRP.

0O 366 FUNCTIONAL ANALYSIS OF A MAMMALIAN TRANSCRIPTIONAL ACTIVATOR PROTEIN

Sandro Rusconi, Yvonne Severne, Stefan Wieland, Markus Thali, Institute

for molecular biology, Univ. ZH, CH~8093 Zuerich Hoenggerber, Switzerland.

We used the glucocorticoid receptor (GR) and its target enhancer element (GRE)
as a model system to develop improved tools for the systematic study of the pheno-
menon of trans-activation. We have developed three powerful techniques with this
system. a) An extremely sensitive assay for trans-activation: this will became the
basis for a genetic screening of revertant transcriptional activators, i.e. derived
fram a. functionless GR. b) The construction of a mutagenesis "cassette”: to this purpo—
se,we entirely re-designed the c-DNA portion encoding the essential GR functions, in
a manner that allows rapid generation and direct in'vivo testing of specific mutants.
c) The linkage to the GR of an additional DNA binding domain derived from an unrelat-
ed protein: this allows the generation of bifunctional transcriptional activators which
can be used to better understand the phenotypes obtained by site-directed mutagenesis,
with the help of a cis-trans or a trans-trans complementation assay.Perspectives: as the
results indicate that it is possible to generate chimaeric GR molecules with the desired
additional specificity, we plan to use this fact for the direct selection of further
DNA binding factors from mammalian cells.
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O 367 ALLELOCHEMICALS: INTERACTIONS WITH NUCLEAR MEMBRANE STRUCTURES, Matthew
Ryuntyu, Department of Agronomy and Soil Science, University of New England,
Armidale. N.S.W. 2351.

Various allelochemicals have been found to inhibit respiration of 0,-consumption by
mitochondria and uncouple oxidative phosphorylation from respiratibn (Lovett and
Ryuntyu, Primary Effect of Benzilamine: Mitochondrial Membranes. Proc. lst Inter.
Congress of Plant Tissue Culture Tropical Species, Bogota: 1987).
Thus, allelochemicals can decrease ATP production by inhibiting mitochondrial
activities on the basis of destruction of the mitochondrial membrane, as well as
nuclear membrane. Membrane of damaged nucleus can be observed TEM. A number of
mitochondria increase may be followed by intense activity of the Golgi vesicles.
Because mitochondrial reactions involved in ATP production take place on
intermitochondrial membranes, it is quite possible that the manner by which
allelochemicals inhibit mineral transport across the nuclear membrane and the
tonplast and the manner by which they inhibit mitochondrial activities are similar.
The ability of mitochondria to synthesize protein is perhaps not surprising, since it
is well established that they contain DNA and so have some degree of genetic
autonomy. A strong possibility is that allelochemicals alter permeability of
membranes in both instances. It is possible that the conpounds solubilize into
membranes, and thus cause a "loosening" of the membrane structure so that minerals
can "leak" across the menbrane.

0368 A BIPARTITE MODEL FOR NEGATIVE REGULATION OF YEAST GALA PROTEIN FUNCTION., J.M.
Salmeron, Jr., S.D. Langdon, and S.A. Johnston, Duke University, Durham, NC.

The Saccharomyces cerevisiae GAL4 protein activates transcription of galactose
metabolism enzyme genes. GAL4-mediated gene expression is blocked in the absence of
galactose by the negative regulatory GAL8O protein, an interaction that requires the
carboxy-terminal 28 amino acids of GAL4. To learn more about the mechanism of GAL8O-
mediated negative regulation, we are studying the GAL4 homolog from Kluyveromyces lactis,
LAC9+ LAC9 activates transcription in S. cerevisiae, but is not regulated by GAL80. We
have eliminated overexpression of LACY9 as a possible cause for the lack of observable
interaction with GAL80 protein. GAL4 and LACY carboxyl termini are very similar, but not
identical. We have mutated the GAL4 carboxyl terminus, incorporating all features of LACY,
and find that no change affects the ability of GAL4 protein to interact with GALSO.
Furthermore, no reciprocal change in the LACY9 carboxyl terminus conditions a GAL80O-
responsive LAC9 protein, Teken together with results demonstrating that carboxy-terminal
deletions of GAL4 protein still bind GAL80 in vitro, we propose a model for negative
regulation in which GAL80 acts by binding to the middle of GAL4 protein, and inhibits
transcription by masking the GAL4 carboxyl terminus from cellular transcription factors.

Poster Session 3

0 369 RESOLVASE PROTEIN BENDS DNA TOWARDS THE MAJOR GROOVE AT THE SITE OF
RECOMBINATION, Joseph J. Salvo*# and Nigel D.F. Grindley, Department of Molecular
Biophysies and Biochemistry, Yale University, New Haven, CT 06510,

The relative direction of DNA bends can be deduced from helical phasing experiments. If two DNA

bends are linked by DNA spacer sequences of variable length, then the gel mobility of each phasing

variant depends on the relative position of one bend with respect to the other. We coupled a

segment of intrinsically bent kinetoplast DNA (K DNA) from Leishmania tarentolae with the

protein-induced DNA bend locus that spans the site of resolvase-mediated recombination. The
observed electrophoretic mobilities of the resolvase-complexed DNA fragments varies cyclically
with spacer length, and the minima occur when the centers of the bend loci are separated by an
integral number of helical turns. This implies that both bends are in the same relative orientation.

Independent evidence concerning the absolute structure of K DNA allows us to deduce that the

resolvase-induced bend is toward the major groove.

* Current Address: General Electric, Corporate Research & Development, P.O. Box 8, Schenectady,
NY 12301.

# This work was performed in part pursuant to a contract with the National Foundation for Cancer
Research.
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0 370 MOLECULAR MODELING OF SPECIFIC INTERACTIONS IN THE A REPRESSOR-OPERATOR COMPLEX.
Akinori Sarai,! Frederick H. Hausheer? and Yoshinori Takeda.® ! Lab. Math. Biol.,
DCBD, NCI, NIH, Bethesda, MD 20892, 2 Adv. Sci., Comp. Lab,, and * Lab, Math,
Biol., NCI-FCRF, PRI, Frederick, MD 21701.
We have studied the specific interactions involved in the X repressor-operator complex by
systematically substituting the bases within the operator and measuring the affinity
change, The complete mapping of the binding free energy change along the 17-bp sequence of
operator enabled us to identify the lccation of specific interactions, The results show
that the specific interactions are concentrated in the non-aq~helical regions (the
N-terminal arms and the loop region between a, and a, helices) than in the a, helix region,
and that A repressor binds to the operator qaite asymmetrically with respecé to the center
of approximate two-fold symmetric sequence. In this report, we will present a model of
specific molecular interactions based on experimental data and computer simulation of the A
repressor-operator complex. The structure of the A-DNA complex i{s first energy-refined,
followed by molecular dynamics simulation of equilibrium structure including counter ions
and water molecules., Such simulations suggest that A repressor binds to the operator
asymmetrically, consistent with experimental results. The N~terminal arm in the consensus
side interacts directly with base pairs, whereas the the cther arm in the non-consensus
side interacts mainly with phcosphate backbone. The details of the molecular interactions
between base pairs and amino acids and hydration structure in the complex will be
discussed.

037 REGULATION OF THE C-FOS PROTO-ONCOGENE TRANSCRIPTION, Paolo Sassone-Corsl, Jane
Visvader, Masahiro Fujit, John C. Sisson and Inder M. Verma, The Salk Institute,
P.0. Box 85800, San Diego, Californlia 92138.
Proto-oncogene c¢-fos is Induced in response to a variety of agents. We have previously
shown that c~fos gene expression is regulated by both negative and positive ceflular
factors. One type of positive regulation is induced by agonists of adenylate cyclase. We
report that human c-fos-CAT recombinants transfected into PC12 rat pheochromocytoma cells
and In JEG-3 human choriocarcinoma cells are induced by forskolin and that this induction Is
greatily reduced in the mutant PC12 cell line A126-1B2, which is deflcient in cAMP-dependent
protein kinase |1. The cAMP Induction of the c-fos promoter requires multiple regulatory
elements bearing the consensus sequence TGACGTA. Using deletion analysls and DNase |
footprinting assays we have defined one of these elements centered at position -60. The
specific binding of a nuclear protein(s) to the c-fos CRE can be competed by the
somatostatin and a-chorionic gonadotropin CREs. We also demonstrate that the affinity-
purlfied 43 kd CRE nuclear binding protein (CREBP) from PC12 cells also bindseto the c-fos
CRE. We suggest that c-fos activation by cAMP requires the post-translational modification
of the specific CREBP. The c-fos promoter Is also induced by tat—| gene products of the
human T-cell leukemia virus type | (HTLV-1). The region of the c-fos promoter required for
this trans-activation is between -362/-223; this region also contains the DSE (dyad symmetry
element) which Is involved In serum, TPA and EGF induction. The induction by the tat-I
products on this c¢-fos promoter element is orientation Independent. Furthermore, the
expression of the endogenous c-fos gene Is increased in HTLV-i1 Infected cell line.

0372 MOLECULAR CONTACTS BETWEEN POLT(ADP-RIEOSE) POLYMERAE AND DIN4, Svinivas

S Sastry and Ernest Kun University of California, San Fransisco, CA, 94143 The
interaction between poly(ADP-ribose) polymerase and various unigquely end labeled restriction
fragments from 5V 40 and pBR322 DNAS was studied emploving nuclease protection experiments.
DHasel footprinting indicated that approzimately 66-85 bp of DN& was protected by poly{ADP-
ribose) polymerase from DNasel attack, and that a segment of DNA probably lies outside on the
surface of the polymerase protein in the polymerase-DNA complex Of the four different
restriction fragments assayed for polymerase binding, onty the 209 bp EcoRI-Pstl 5V 40 DNA
fragment showed clear poly(ADP-ribose) polymerase footprints, indicating the specific binding of
the polymerase o this DA fragment. Since this 209 bp EcoRI-Pst] SV 40 DNA fragment {5 overall
A£+T rich and is intrinsically bent we concinde that the specific binding of the polymerase to the
internal length of DNA is dictated perhaps by A+T richness and DNA tending. The polymerase
also Linds to the 5 and 3 termini of other DNAS as assayed by digestion of the polymerase-DHA
complezes with A ¢zo and exo [11. Methylation protection experiments and the vinding of the
potyrasraze W glucosylated and nonglucosylated T4 DA suggest that the polymerase makes
major groove contacts. The 5V 40 209 bp fragment also contains unusual DNA conformations as
indicated Ly its sensitivity to several single strand-specific probes. The polymerase specifically
vinds these unusual conformations.
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0373 DELIMITATION OF THE BINDING OF PUFF-SPECIFIC PROTEINS AT THE SALIVARY
GLAND SECRETION GENE SGS-4 OF DROSOPHILA MELANOGASTER. H. Saumweber, M.

Frasch . Institut fir Entwickiungsphysiologie, Universitdt Kéin, S000 Cologne FRG.
Max Planck Institut fir Entwicklungsbiologie TUbingen, Abt.1

Two Puff-specific proteins of D. melanogaster (B}6-ag, Bx42-ag) have been
identified by the use of monoclonal antibodies. By biochemical criteria both proteins
are associated with chromatin. Both proteins can be localized at a number of puffs
on 3alivary gland polytene chromosomes. More detailed studies of one of these sites,
al the salivary gland secretion gene 595-4, showed a strong correlation of the
presence of these proteins with gene activity. Using a number of transformed
Drosophila stocks, the region necessary for binding of both proteins could be
delimitated to a 2.5 kbp directly upstream the structural gene. Studies with deletion
stocks suggest, that the binding of Bx42-ag may depend on a 40 bp region containing
a consensus sequence found for ecdyson regulated genes of Drosophila.

0374 MOLECULAR GENETIC ANALYSIS OF A BACTERIOPHAGE CHROMATIN PROTEIN

M. Sayre and E.P. Geiduschek, Biology Dept., University of California, San Diego, La Jolla, CA
The 1ytic Bacillus subtilis phage SPO1 encodes an abundant 99-amino acid DNA-binding protein, transcription
factor 1 (TF1). TF1 is a type II DNA binding protein; other well-known members of this family are E. coli
HU, IHF and Bacillus stearothermophilus HU. Unlike HU, TF1 binds preferentially to hydroxymethyluracil-
containing DNA, and exhibits both nonspecific and site-specific binding to this DNA. Some of its preferred
sites on SPO1 DNA overlap RNA polymerase binding sites at early promoters, and TF1 inhibits transcription
of SPO1 DNA by bacterial RNA polymerase in vitro. We have made mutant TF1 genes and put them back
into phage chromosomes to examine their effects in vivo. We have also purified mutant proteins from overpro-
ducing E.coli strains to study their DNA-binding properties. Segregation analyses with partially diploid phage
heterozygous for TF1 show that TF1 is essential for plaque formation. A lethal amber mutation at codon 91
generates a truncated protein that appears to dimerize like nomal TF1 but cannot bind to SPO1 DNA. The
relationship of primary structure to the site-specific DNA-binding activity of TF1 is further dissected by
analysis of purified TF1 missense mutant proteins. For example, substitution of Gln for Phe at codon 61 in the
proposed DNA binding "arm” abolishes site-specific but not nonspecific binding to SPO1 DNA in vitro.

O 375 TRANSCRIPTIONAL REGULATION OF THE HUMAN INTERFERON-R GENE
Christina Scharnhorst, Hansjérg Hauser, Willi Dirks, Klaus Hoffmann,
Heide Reil, GBF, D-3300 Braunschwelg, FRG

Induction of the human IFN-R gene in many fibroblastoid cell lines in response to
viral or dsRNA inducers occurs at the level of transcription activation. In some cell
lines superinduction enhances the (induced) transcription of IFN-B. The DNA-elements
contreolling the transcription activation process have been defined by construction
and transfer of gene mutants and hybrids into mouse, hamster and primate cells:
Several upstrem DNA-motifs act in a synergistic manner, even over long distances to
achieve full induction activity. DNA sequences mediating the transcriptional
activation by induction and superinduction are identical. The regulatory sequences
interact with cellular factors, mediators in the induction processes. Promoter
competition assays demonstrate the existence of repressing and activating factors.
The action of activating factors can only be detected in the induced state. Superin-
duction is found to be an enhancement of the activation process. With these ex-
periments the DNA sequences for binding or repressor and activator binding could be
identified. The binding and action of cellular factors is also demonstrated by gel
shifting assays, DNAse footprinting and transcription in vitro. Induction and
superinduction of a mouse IFN-a-promoter is also observed in several cell lines.
However, both promoters, human By and mouse a4, do not compete for the same factors
in transient in vivo assays.

151



DNA-Protein Interactions in Transcription

0376 COOPERATIVITY OF THE GLUCOCORTICOID RECEPTOR AND THECACCC-BOX BINDING FACTOR
Roland Schiile, Marc Muller, Hidetsugu Otsuka-Murakami and Rainer Renkawitz
Genzentrum - Max-Planck-Institut fiir Biochemie, D-8033 Martinsried, FRG

The rat tryptophan oxygenase (TO) gene is expressed in liver and can be induced by glucocorticoid hormones. Both transient and stable
expression of a transfected TO-CAT fusion gene were inducible by dexamethasone. Analysis of transcripts from 5°-deletion mutants
identified two glucocorticoid responsive elements (GRE), located 450 bp and 1200 bp upstream of the RNA start site !, These experiments
revealed a discrepancy between the results obtained by binding tests with purified glucocorticoid receptor and by functional assays of
deletion mutants: In addition to the footprint region covered by the steroid receptor a seq further up is required for steroid
induction. This c i orientation a region of 12 nucleotides identical to the part of the B globin promoter which
harbors the CACCC-box element Foolpnnl experiments showed efficient competition with an oligonucleotide containing the B8 globin

but showed no competition with mutants or GRE sequences. These results suggest the binding of the CACCC-factor
nmmedlately adjacent to the glucocorticoid receptor. To distinguish between TO specific effects and general mechanisms of steroid
induction, we combined CACCC-box sequences with a minimal glucocorticoid receptor binding site of the mouse mammary tamor virus
(MMTYV) and cloned it in front of the thymidine kinase (tk) promoter, which in turn controlled the CAT gene. This construct was
inducible by dexamethasone, whereas a corresponding construct without CACCC-element was not. In order to ascertain whether the effect
of the CACCC e is d dent on the d from the GRE sequence we msen.ed a linker sequence between the CACCC and GRE
sequences, which ‘allowed the generation of a ber of T expression of these spacing mutants resulted in
optimal inductions only for those mutants, whose linker sequences differed in length by muluples of about 10 bp. A control plasmid,
which contained the very same sequences in identical order and distance as one of the inducible spacing mutants except that the GRE
sequence was replaced by a linker sequence, was not inducible. These results show cooperativity between the CACCC-box and the GRE
depending on the precise stereo-specific alig of the two ¢l
1) Danesch, U., Gloss, B., Schmid, W., Schiitz, G., Schiile, R. and Renkawitz, R. (1987), EMBO J., 6: 625-630

O 378 IN VITRO TRANSCRIPTION BY NUCLEAR EXTRACTS FROM RAT MUSCLE TISSUE. Zahradka, P.,
Larson, D.E. & Sells, B.H. Dept. Molecular Biology & Genetics, University of
Guelph, Guelph, Ontario, Canada NIG 2Wl.
A cell free transcription system has been developed using extracts prepared from rat L6
myoblasts and terminally differentiated myotubes. These extracts accurately transcribe
cloned rRNA and ribosomal protein L-32 templates and display the same pattern of rRNA
and ribosomal protein gene transcription that occur in vivo (Zahradka & Sells, 1988,
Eur. J. Biochem. in press). To determine whether gene expression in mature muscle
tissue is comparable to that found in L6 myotubes, transcriptionally active nuclear
extracts from rat muscle tissue were prepared. This protocol requires rapid processing
of the tissue following sacrifice of the animal and extensive purification of the
nuclei prior to salt extraction. The ability of the muscle nuclear extract to
transcribe several genes, including rRNA, r~protein and the adenovirus major late
promoter, was assessed and compared with the activity present in extracts from
myoblasts and myotubes. These studies show that gene expression by myotube and muscle
extracts have a high degree of similarity thus suggesting that the myoblast cell
culture system is a useful model for muscle development. Supported by MRC and JDF.

O 379 PHORBOL ESTER INDUCED ENHANCER BINDING FACTOR NF-kB CAN ACTIVATE TRANSCRIPTION IN
NON-LYMPHOID CELLS, Barbara Nelsen*, Lars Hellman* and Ranjan Sen*, *Brandeis University,
Waltham, Ma 02254.

NF-kB was originally identified as a B cell-specific nuclear factor that interacted
with the immunoglobulin k light chain gene enhancer. Subsequently it was shown that it
could also be transiently induced in T cells and non-lymphoid cells by active phorbol
esters (PMA). It was not clear however, whether the induced protein could activate
transcription as well in non-lymphoid cells. To focus on the role of NF-kB as a
transcriptional activator we constructed a recombinant plasmid that carried 3 copies of
the k-enhancer fragment (x3) that binds NF-kB, upstream from the bacterial chloram-
phenicol acetyltransferase gene transcribed from the SV40 early promoter (p(k3),CAT). Ve
have shown that the k3 trimer functions as a stage - specific B cell regulatory element.
It is inactive in non-lymphoid cells and pre-B cells; and as active as the u enhancer in B
cells and plasma cells. To study induction in non-lymphoid cells we generated stable Hela
cells transfectants carrying p(x3),CAT. Upon treatment with PMA an 8-10 fold increase in
CAT activity and correctly initiatéd RNA was observed. Furthermore, the kinetics of RNA
induction followed closely the pattern observed for the induction of NF-xB with PMA. Thus
active phorbol esters induce a factor in non-lymphoid cells with the sequence specificity
and functional characteristics of stably expressed NF-kB in B cells.
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O 380 INDUCTION OF EGR-1 EXPRESSION DURING ANTIGEN RECEPTOR DRIVEN B LYMPHOCYTE ACTIVATION.
Vicki L.Seyfert*, Vikas P. Sukhatme**, and John G. Monroe¥,
®University of Pennsylvania, Phila. PA and **University of Chicago, Chicago, IL.

Egr-1 is a recently identified early growth response gene which is induced following mi-
togenic stimulation of fibroblasts, epithelial cells and lymphocytes with kineties similar to
that of the protooncogene c-fos. Recent studies and sequence information suggest that egr-1
may function as a transcription factor. In order to further characterize egr-1 we are study-
ing its role in antigen receptor stimulated G +G4 transition in murine B lymphocytes. A tran-
sient increase in egr-1 mRNA levels was found at 0.5 hours following crosslinking of surface
immunoglobulin (slg) with anti-Ig antibodies. Previous studies have shown that transduction
of signals through surface Ig_is associated with 2 distinct compq?ents; activation of protein
kinase C and elevation of [Ca“*];. Using phorbol diester and Ca“* ionophore to activate PKC
and increase [Ca*"], respectively we have found that upregulation of egr-1 mRNA levels is
linked to the PKC but not the Ca“* component of the slg signal transduction pathway.
Additional studies in progress are aimed at elucidating the relationship of egr-1 to G G1
transition in response to other murine B lymphocyte stimulants that do not act through §kc.

O 381 ADENOVIRUS ETA PROTEIN BINDS AN AP-1-LIKE ACTIVITY, X. P. Shi*, R.

Weinmannt, and M.*Rosenberg*, Smith Kline and French Laboratories, King of

Prussia, PA 19406 ; Wistar Institute, Philadelphia, PA 19104+
Adenovirus E1A proteins are transacting factors which function in both transcriptional
activation and repression of certain viral and cellular genes. Unlike many other
transacting proteins, E1A does not bind DNA specifically and thus, its function is
probably mediated through interaction with cellular factors. To identify these cellular
factors, we isolated proteins from a hela whole cell extract which selectively bound to
ETA 13S and 12S protein columns. HMWe demonstrated that the protein eluents from these
columns were required for specific transcription of adenovirus E1A responsive
promoters. Using DNase I protection studies carried out on two different promoters
known to respond either positively or negatively to E1A function (i.e., adenovirus E3
and SV40 early) and another promoter carrying a known AP-1 binding site (human MT IIA
promoter), we detected an AP-1-1ike binding activity which was specifically retained by
both E1A13S and 12S columns. Other factors which bind to these promoters were not
retained on these columns. The protected AP-1 binding region defined in adenovirus E3
promoter is known to be critical for EA transactivation. Moreover, the protected AP-1
region in the SV40 early promoter is likely to be important for ETA repression. Thus,
we suggest that AP-1, or an AP-1-like protein, may be a common target for ETA
interaction for both its activation and repression functions in these two promoters.

0 382 INTERACTION OF T7 RNA POLYMERASE WITH DNA IN AN ELONGATION COMPLEX
ARRESTED AT A SPECIFIC PSORALEN ADDUCT SITE
Yun-bo Shi, Howard Gamper, and John E. Hearst, Department of Chemistry,
University of California, Berkeley, CA 94720

We have probed the interaction of T7 RNA polymerase with DNA in an elongation complex
arrested by a site specifically placed psoralen diadduct or furan-side monoadduct using
DNase I footprinting techniques. The psoralen derivative HMT (4'-hydroxymethyl-4, 57,
8-trimethylpsoralen) was placed at a specific site in the middle of a chemically
synthesized double-stranded DNA fragment containing a T7 RNA polymerase promoter at one
end. The psoralen molecule was photochemically attached either to two adjacent thymidine
residues on opposite strands as a diadduct or to only one thymidine residue on the coding
strand as a furan-side monoadduct. Using these psoralen modified DNAs as templates for
transcription, we found that T7 RNA polymerase was blocked at the psoralen adduct site and
that the arrested elongation complex protected about 15 nucleotides upstream from the
adduct on the coding strand and 20 nucleotides around the adduct on the noncoding strand
from DNase I digestion. The two psoralen modified DNA templates yielded identical RNA
transcripts and DNase I footprints. In contrast, T7 RNA polymerase protected only the
coding strand from -20 to +8 in the initiation complex. These results suggest that the RNA
polymerase undergoes a marked conformational change upon converting from an initiation
complex to an elongation complex. (This work was supported by NIH Grant GM 11180.)
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0 383 INVESTIGATION OF RSV LTR ENHANCER~BINDING PROTEINS, Mary L. Shimkus, Amy M. Boulden,
and Linda J. Sealy, Vanderbilt University, Nashville, TN, 27232.
The mechanism whereby the Rous Sarcoma virus (RSV) long terminal repeat (LTR) enhancer
stimulates the transcription of a cis-linked gene appears to be similar to other enhancers
in that specific trans-acting protein factors are involved. Gel electrophoretic mobility
shift assays have identified two factors - enhancer factors I (EFI) and II (EFII) -
present in nuclear extracts prepared from quail cells and 12-14 day chick embryos, which
specifically bind to two different regions in the 286 bp enhancer of RSV. Investigations
are currently underway to demonstrate that the DNA-protein complexes formed in vitro are
functionally significant in vivo. Combinations of the enhancer factor binding sites are
being tested to determine the minimum sequences required for full enhancer activity.
Enhancer factor binding to a minimum enhancer, and to the minimum enhancer which has been
directly mutagenized, will be correlated with the abilities of such DNA's to enhance trans-—
cription in vivo after insertion into a construct containing the chloramphenicol acetyl
transferase (CAT) gene transcription unit. Recently, a third factor - EFIII - has been
identified which binds to the RSV enhancer in a region with homology to the serum response
element (SRE). The binding of EFIII to this DNA in vitro is being correlated with the
ability of this DNA in vivo to increase the activity of the RSV enhancer in response to
serum. Concurrently, efforts are being made to purify the protein components of the enhan-
cer factors via a combination of conventional column purification steps and by affinity
chromatography with DNA-cellulose resins prepared with the minimum synthetic oligonucleotide
to which the enhancer factors specifically bind.

0 384 IN VITRO ANALYSIS OF THE o{2U GLOBULIN PROMOTER. PROTEIN SHARING BETWEEN TWO
HIGHLY ACTIVE LIVER PROMOTERS, F. Sierra* and U. Schibler, Université de
Genéve, Dept. de Biologie Moleculaire Sciences II, 30 Quai E. Ansermet, CH-1214 Genéve 4.
*Current Adress: Nestlé Research Centre, Nestec Ltd., Vers-chez-les~Blanc, CH-1000
Lausanne 26 (Switzerland).
We have analyzed the protein: DNA interactions as well as the transcriptional activity of
the rat ol2U-globulin promoter in liver and spleen. In vitro transcription assays indicate
that mutant templates containing at least 115 bp of upstream sequences are efficiently
transcribed in liver but not in spleen nuclear extracts. In contrast, a mutant template
containing 77 bp of upstream sequences is highly active in nuclear extracts from either
tissue. A further deletion to —-43 dramatically decreases the level of transcription
observed in both tissues. Footprint analysis of this region indicates the binding of
several proteins in both nuclear extracts, yielding a similar overall DNase I protection
pattern for liver and spleen nuclear proteins. However, more detailed studies indicate
that these cis- acting control elements bind different factors in the expressing and non-
expressing tissues. More interestingly, these experiments also revealed that most proteins
binding to the oL2U-globulin promoter are also shared with the albumin promoter. Specific-
ally, we have observed that both of these promoters bind factors that are highly enriched
in liver extracts. One of these factors is heat stable and might correspond to EBP/CBP;
the other is a member of the NF-1 family, which is enriched in liver (¥ NF-1). The two
promoters share binding sites for yet another protein, which might correspond to HTF-1.
Protein binding sites for apparently ubiquitous transcription factors are note shared
by the two promoters.

Q385 THE STEROID-FREE GLUCOCORTICOID AND ESTROGEN RECEPTORS INTERACT

WITH THE HORMONE REGULATORY ELEMENT OF MMTV IN VIVO, Emily P.

Slater, Michael Schauer, Jutta Arnemann, Gerhard Posseckert and

Miguel Beato, Philipps Universit&t, 3550 Marburg, F.R.G.
In a particular clone of the human mammary cell line T47D that exhibits very low
levels of endogencus glucocorticoid receptor (GR), transfection of the GRcDNA in an
expression vector confers glucocorticoid Wnducibility to a cotransfected reporter
gene linked to the hormeone regulatory element (HRE) of mouse mammary tumor virus
(MMTV}. In this cell line the same constructions are highly inducible by progestins,
and we know that the progesterone receptor (PR) binds to the HRE of MMTV. At
suboptimal levels of GRcDNA and hormones the effects of progestins and glucocorti-
coids are additive. Induction by progestins is, however, progressively inhibited
when increasing amounts of GRcDNA are cotransfected with the reporter gene and no
glucocorticoids are added. Mutants of the GRcDNA that yield receptor molecules
without DNA binding activity, do not inhibit progestins response of cotransfected
MMTV-containing constructions. The estrogen receptor (ER) also binds in vitro to
the HRE of MMTV, although in vive there is no stimulation of the MMTV constructs in
response to estrogen. Interestingly, increasing amounts of transfected ERcDNA also
progressively inhibit the induction of the transfected MMTV constructs by progestins
in T47D0 cells. Thus, these results suggest that under the conditions of gene
transfer the steroid-free glucocorticoid and estrogen receptors do interact with
the HRE in the long terminal repeat region of MMTV.
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0 386 TRUNCATED ESTROGEN RECEPTORS IN MOUSE MAMMARY TUMORS

Mels Sluyser, B. Moncharmont, A.W.M. Rijkers and C.C.J. de Goeij,

Netherlands Cancer Institute, Plesmanlaan 121, 1066 CX Amsterdam,

The Netherlands
Tumors that initially respond to hormone therapy lose their hormone
responsiveness after a time and then grow autonomously. We have proposed
that this is due to the appearance of aberrant steroid receptors
(mutated, truncated) that bind to DNA and give a constitutive growth
signal even in the absence of hormone (M. Sluyser and J. Mester, Nature
315, 546, 1985). In order to investigate this hypothesis, we have studied
estrogen receptors (ERs) in mammary tumors of GR mice. GR mammary tumors
initially are estrogen and progesterone dependent, but lose this hormonal
dependency during serial transplantations.
Hormone dependent GR mammary tumors were found to contain 6.5 kb ERmMRNA
transcripts that encode a 65 kDa receptor protein. By contrast, some
hormone independent tumors contained shorter size ERmRNAs and lower
molecular weight ER proteins. The interaction of these truncated ERs with
estrogen responsive elements on genomic DNA is currently being
investigated.

0O 387 THE ESCHERICHIA COLI DAM GENE IS EXPRESSED AS A DISTAL GENE OF AN OPERON, Piotr
Jonezyk, Russ Hines, and Douglas W. Smith, Dept Biology, UCSD, La Jolla, CA 92093,
DNA containing the Escherichia coli dam gene and sequences upstream from this gene were
cloned from the Clarke-Carbon plasmids pLCZ9—u7 and pLC13-42, Promoter activity was local-
ized using pKO expression vectors and galactokinase assays to two regions, one 1650 to 2100
base pairs (bp) and the other beyond 2400 bp, upstream of the dam gene., No promoter activ-
ity was detected immediately in front of this gene; however, transcription through this re-
gion was enhanced about 3-fold at restrictive temperatures in E. coli dnaA46 cells. The
nucleotide sequence upstream of dam has been determined. An open reading frame termed damX
is present between the nearest promoter region and the dam gene. Codon usage and base fre-
quency analysis indicate this is expressed as a protein, of predicted size 46 kD. A 46 kD
protein is expressed from this ORF, detected using minicell analysis of appropriate deriva-
tive plasmids, Although no function has been determined for the damX gene product, signi-
ficant homology exists between its amino acid sequence and that of the E. coli tonB protein,
Sequence comparisons between the region upstream of damX and the aroB gene (FEBS letters
200:11-17; 1986) show that the aroB gene is immediately upstream of damX, and that the pro-
moter activity nearest to dam is s found within the aroB structural gene. This activity is
relatively weak (about 10% that of the E. coli ggl operon promoter). The promoter activity
detected beyond 2400 bp upstream of ggg is 11ke1y to be that of the aroB gene. An RNA tran-
seript of about 3000 bases has been detected by Northern analysis using dam gene probes;
transcripts expressing dam from the aroB promoter should be 4000 bases or larger. Restric-
tion site comparisons show that the E. coli mrcA gene resides about § kb upstream of aroB.

O 388 TRANSCRIPTIONAL OF RIBOSOMAL RNA GENES Barbara Sollner-Webb, Louis Pape,
Val Culotta, Sheryl Henderson, John Tower, and Josiane Eid
The Johns Hopkins University School of Medicine, Baltimore, Maryland 21205

We are studying transcription of rRNA genes, using mouse and frog as model systems.
Over the last few years we have shown that the frog (MCB §,1228; 4585) and mouse (MCB §5,554)
rDNA promoters are large, multi-domain structures and that transcription can also be
stimulated by polymerase I terminator sequences that reside just npstream of the rDNA
promoter (Cell 47,891). Transcription requires