2), which blocks both «, integrins (16),
showed the greatest antiangiogenic and
antitumoral activity when compared with
either anti-a B alone or anti-a B5 alone
(16).

Most ocular diseases that cause cata-
strophic loss of vision have as a common
pathologic feature the growth of new blood
vessels. Although ischemia-associated reti-
nal neovascular diseases such as prolifera-
tive diabetic retinopathy are associated
with increased VEGF (12), nonischemic
subretinal neovascular diseases such as age-
related macular degeneration have no such
clear association. Our observation that
VEGF-stimulated angiogenesis proceeds by
an integrin-mediated angiogenic pathway
distinct from that stimulated by FGF sup-
ports the concept that different pathogenet-
ic mechanisms may operate in retinal and
subretinal diseases (17).

Angiogenesis is a critical biologic pro-
cess and, as such, may depend on redundant
molecular events that not only initiate
blood vessel cell proliferation but also reg-
ulate the invasion and, ultimately, the dif-
ferentiation of newly forming vessels. Re-
dundancy in this process is supported by an
experiment of nature, Glanzmann’s throm-
basthenia, in which individuals lacking ex-
pression of the B; integrin gene neverthe-
less develop fully mature blood vessels.
Thus, an alternative angiogenic mechanism
must exist in the absence of « ;. The
evidence presented here suggests that o 35
can provide such a mechanism of biologic
redundancy. We conclude that there are at
least two cytokine-dependent pathways
leading to angiogenesis in vivo, and these
are distinguished by their dependency on
specific a, integrins and on the intracellu-
lar serine-threonine kinase PKC.
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Essential Ca2*-Binding Motif for Ca2*-Sensitive
Inactivation of L-Type Ca%* Channels
Marita de Leon, Yan Wang, Lisa Jones, Edward Perez-Reyes,

Xiangyang Wei, Tuck Wah Soong, Terry P. Snutch,
David T. Yue*

Intracellular calcium (Ca®™*) inhibits the opening of L-type («,s) Ca?* channels, providing
physiological control of Ca2* entry into a wide variety of cells. A structural determinant
of this Ca2* -sensitive inactivation was revealed by chimeric Ca?* channels derived from
parental a, and a, channels, the latter of which is a neuronal channel lacking Ca?*
inactivation. A consensus Ca?™"-binding motif (an EF hand), located on the «, subunit,
was required for Ca?* inactivation. Donation of the a, . EF-hand region to the o, channel
conferred the Ca?*-inactivating phenotype. These results strongly suggest that Ca*
binding to the a, subunit initiates Ca?* inactivation.

L-type Ca’* channels manifest Ca®*-sen-
sitive inactivation (1), a biological feedback
mechanism in which elevation of intracel-
lular Ca?* concentration ([Ca?*]) speeds
channel inactivation. As L-type Ca?"
channels are widely distributed, this inacti-
vation process influences many cellular ac-
tivities, including neuroendocrine secretion
(2), cardiac excitation-contraction cou-
pling (3), and neuronal gene regulation (4).
Although the existence of Ca’* inactiva-
tion was demonstrated over a decade ago
(1), its underlying molecular mechanism
remains unknown. Competing candidates
for the chemical “switch” that initiates in-
activation include Ca?*-induced (de)phos-
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phorylation of the channel (5), Ca?* acti-
vation of calmodulin (6), and direct Ca®*
binding to the channel (7). Recent work
(8-10) favors the latter, but evidence to
date has been debated. Here, we present
molecular evidence suggesting that an EF-
hand Ca?*-binding motif (11), located on
the ;. subunit of the cardiac L-type Ca’*
channel, provides the Ca’* binding site
that initiates Ca’ " -sensitive inactivation.
L-type Ca’™ channels, expressed tran-
siently in HEK 293 cells from complemen-
tary DNAs encoding ;- (12) and B,, (13)
subunits (14), possessed Ca’™-sensitive in-
activation (Fig. 1, A through C). With 10
mM Ba?* as the charge carrier, whole-cell
o, currents (Fig. 1A, top) showed little
inactivation during 300-ms test depolariza-
tions, as expected from the high selectivity
of Ca?* inactivation for Ca®* over Ba?"
(1). Average data confirmed that Ba?* cur-
rents decayed only slightly over the entire
range of test depolarizations; peak currents
were just larger than residual currents (Fig.
1A, bottom). By contrast, specimen current
records decayed much more with 10 mM
external Ca’* as charge carrier (Fig. 1B,
top), which suggests the onset of Ca?* in-
activation. Averages of peak and residual



current confirmed the enhancement of in-
activation by Ca?* (Fig. 1B, bottom).

To quantitate inactivation, we plotted
T300, the fraction of peak current remaining
at the end of a 300-ms depolarization, as a
function of voltage (Fig. 1C). The 754, re-
lation with Ca?* defined a U-shaped plot,
providing a hallmark of Ca?* inactivation
(10). The low point of the curve coincided
with maximal Ca’" entry (compare Fig.
1B), and r3y, turned upward with further
depolarization as the driving force for Ca?™*
entry dropped. The small, monotonic de-
cline of 155, with Ba?* (Fig. 1C) reflected a
separate, voltage-sensitive  inactivation
(10). Because voltage- and Ca’*-sensitive
inactivation are approximately indepen-
dent processes (10), the difference between
Ca?* and Ba?" 15, values provided a direct
measure of Ca’" inactivation, as exempli-
fied by the parameter f (15) (Fig. 1C).

In contrast, a homologous Ca?* chan-
nel, expressed from o, (16) and B,, (13)
subunits, lacked Ca?* inactivation (Fig. 1,
D through F), thereby establishing the fea-
sibility of chimeric channel analysis (17,
18). The ;g subunit is the pore-forming
constituent of a medium-threshold Ca’*
channel in neurons (16). The a,; Ba’*
currents (Fig. 1D) appeared to inactivate at
the same rate as Ca®" currents (Fig. 1E),
despite larger - current amplitudes with
Ca?*. The absence of Ca’* inactivation
was confirmed quantitatively by identical
7300 relations with Ca?* and Ba?™" (Fig. 1F).
Because inactivation was unchanged by re-
duction of external [Ba?*] or [Ca?*] to 3
mM (19), the shallow U shape of the 754,
relation did not indicate a current-sensitive
inactivation with equal selectivity for Ca?*
and Ba’".

We tested whether differences in the
COOH-termini of ;- and o, account for
their distinct inactivation properties, be-
cause this region contains an EF-hand motif
with a possible role in Ca?* activation (20).
The entire COOH-terminus of o was sub-
stituted into o, (21), and the resulting
acg.1 chimera (Fig. 2A) completely lacked
Ca?* inactivation. Its Ca?* inactivation
parameter f was ~0 (Fig. 2A), clearly lower
than the a;- value (0.44) and indistin-
guishable from the o, value (=0). Thus,
the a; COOH-terminus appeared to be
essential for Ca?* inactivation.

To refine localization of the essential
region, we deleted two-thirds of the COOH-
terminus of &, from amino acid 1733 to the
stop codon. The resulting construct, oy,
manifested the same degree of Ca’?" inacti-
vation as o, with nearly identical f values
(Fig. 2A). Substituting only the proximal
fourth of the a; o COOH-terminus (amino
acids 1510 to 1690) with the corresponding
ayg locus produced a chimeric Ca?* chan-
nel (aicg.,; Fig. 2A) that completely lacked

Ca?™" inactivation (f ~ 0). These two results
suggest that the proximal fourth of the o,
COOH-terminus contained a necessary re-
gion for Ca’* inactivation.

When only the EF-hand region of oy
(amino acids 1510 to 1560) was replaced by
the homologous a,; sequence, Ca?* inac-
tivation was also absent (f ~ O for o;qp 5;
Fig. 2A). Comparison of whole-cell Ca’*
and Ba’* records emphasized the complete
ablation of Ca?* inactivation in ocgs
(Fig. 2B). Both sets of records were nearly
flat; the Ca?* records have been scaled to
illustrate the similarity of kinetics. The 755
plots confirmed that inactivation was con-
sistently small and identical for Ca?* and
Ba’* (Fig. 2B) over a wide range of poten-
tials. The results with o, ; showed that
the EF-hand motif of o, is necessary for
Ca’" inactivation, as long as the functional
knockout did not arise from higher order
conformational derangement of the chimer-
ic channel.

The chimeric channel was not likely to
have serious conformational problems for
several reasons. First, nonspecific distortion
would change other whole-cell properties;
but the average current-voltage relation of
o g5 (Fig. 2B) was very similar to that of
o, (Fig. 1, A and B), suggesting that acti-
vation was unaffected. In fact, activation
and steady-state voltage inactivation of all
chimeras with an «; backbone were close-
ly similar to those of o;c.

Second, substitution of portions (includ-
ing the EF hand) of the o; COOH-termi-
nus into g conferred the Ca?*-inactivat-
ing phenotype. In particular, donation of
the entire a;. COOH-terminus to the o
backbone yielded a chimeric o, channel
with a Ca?* inactivation parameter (f) of
0.28 (Fig. 2C). Simple deletion of up to
two-thirds of the distal COOH-terminus of
o preserved the same degree of Ca’*
sensitivity (o pcjas and oypeja3) (Fig
2C). Currents from o g illustrated the
extent to which inactivation has been con-
ferred to these constructs (Fig. 2D). Of
particular relevance is the selective en-
hancement of Ca’* current inactivation
with larger currents, a distinctive property
of Ca?* inactivation (compare Fig. 1C and
Fig. 2D). Further COOH-terminal trunca-
tion of more than ~50 amino acids pro-
duced nonfunctional channels (o;pc 1a2)
(Fig. 2C), as would be expected from pre-
vious studies (12).

To determine whether smaller portions
of the a;c COOH-terminus sufficed to im-
part Ca’" inactivation to the oy back-
bone, we substituted narrow stretches of
o, containing the EF hand into full-length
o,p, vielding o g, and oyp- 5 (Fig. 2C).
Donation of smaller o~ segments failed to
confer Ca?* inactivation (f =~ 0 for ot;pc,
and ap5) (Fig. 2C) (22). To retain native
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Fig. 1. Comparison of inactivation in o, and o (A)
ac Ba?* currents. Top, whole-cell records elicited
by 300-ms depolarizations to the indicated poten-
tials (0, 20, 70, and 50 mV). Holding potential was
—60 mV; tail potential, =50 mV in a Cs-aspartate
internal solution (74). Bottom, peak (filed) and resid-
ual (open) current at the end of 300-ms depolariza-
tions; means of seven cells. Error bars, plotted when
larger than symbols, show SEM here and through-
out. (B) a, Ca®* currents; the format is identical to
that in (A). Records are from the same cell as that in
(A) (top); n = 6 cells. (C) Residual fraction of peak
current, ryq0, for ayo. The concentration of charge
carrier was 10 mM throughout for six cells. The pa-
rameter f, subsequently used as a concise descriptor
of Ca?* inactivation, is the difference between ry,,
relations at +5to +10 mV. Isolation of Ca* channel
current, indicated by flat traces near reversal poten-
tial [for example, +70 mV in (A), and throughout], is
required for quantitative interpretation of ryq,. Ca2*,
solid symbols; Ba2*, open symbols. (D) a,e Ba2*
currents; the format is identical to that in (A). Top,
holding potential, —90 mV; tail potential, =80 mV,
with NMG-MeSQOj; internal solution (74) and 10 mM
external Ba2™*. Bottom, means of n = 6 cells. (E) o,
Ca’* currents; the format is identical to that in (D),
with 10 mM external Ca®*. The records are from the
same cell as that at the top of (D). The bottom rep-
resents results from six cells. (F) ryoq for a,e. The
format was identical to that in (C), with 10 mM charge
carrier throughout in six cells; symbols are as in (C).
The small difference of 1y, (—30 to 0 mV range)
arises from differential screening of surface charge
by Ba®* and Ca?+.
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Ca’" binding, an EF hand must reside with-
in its own “globular domain” (22), which is
made of a continuous sequence of amino
acids containing the EF hand. The margin
between the COOH-termini of o 5 and
Qg ay amino acids 1650 to 1732 in o,
may well define a border of such a domain
region.

Third, single-channel recordings (23)
offered a further test of the specificity with
which Ca?* inactivation has been removed
in the series of o, chimeras (collectively
denoted as o). Work with native L-
type Ca’* channels demonstrates that
Ca’" inactivation reflects a Ca®*-induced
shift in the overall pattern of gating (10)
from a mode with rapidly activating, high-
frequency opening (mode 1), to a mode
with slowly activating, infrequent opening
(mode Ca). With Ba’*, there is no shift
from mode 1 to mode Ca, and mode 1 often
predominates. Voltage inactivation renders
the channel incapable of opening, yielding
depolarizations without activity (“blanks”).
Selective knockout of Ca?" inactivation
should therefore remove Ca?*-induced
shifts to mode Ca but spare the induction of
blanks by prolonged depolarization.

Single-channel properties of o, were
compared with those of o, ; (Fig. 3), the
o, g, chimera with the largest change from
a,c Either 10 mM Ba?* or 10 mM Ca?*
was used as the charge carrier to enable
direct comparison with whole-cell results.
The same prepulse protocol (top) was used
throughout: depolarizations to +0 mV were
alternately preceded by a 0.5-s prepulse to
+20 mV or by no prepulse. o, behaved
just as predicted from native L-type Ca®"
channels. With Ba?* (Fig. 3A), unitary cur-
rents illustrated the predominance of mode
1 gating during test depolarizations with or
without prepulse. Ensemble average cur-
rents hardly decayed, which is consistent
with the absence of Ca’?* inactivation. The
first latency distribution (F) and condition-
al open probability (P, ) functions served as
quantitative descriptors of these trends
(10). Values of F plot the probability that a
channel first opens by time ¢ after the onset
of test depolarization. The rapid rise of F,
with and without prepulse, demonstrated
the dominance of mode 1 gating through-
out. The small depression of the plateau by
the prepulse reflected the induction of
blank sweeps, which is indicative of voltage
inactivation. P__, the probability of a chan-
nel being open at time ¢t after first opening,
provided a kinetic fingerprint of gating after
first opening. The similarity of values of
P, with and without prepulse, confirmed

00

the lack of mode shifts. With Ca?* (Fig.
3C), control o traces activated rapidly in
a bursting pattern, but traces following a
prepulse activated slowly in a sparsely open-
ing pattern. Thus, Ca?* entry during the
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prepulse caused a shift from mode 1 to mode
Ca**, synonymous with Ca’* inactivation.
Induction of a slow component in F after
the prepulse, as well as depression of P,
quantitated the shift to mode Ca.

In o, (Fig. 3, B and D), single-chan-
nel properties indicated a selective knockout
of Ca’?" inactivation. With Ba** (Fig. 3B),
o, g behaved like o (compare Fig. 3A);
with Ca** (Fig. 3D), however, there was no
shift to mode Ca. The lack of Ca?" inacti-
vation in unitary Ca’" currents excluded
differential expression levels as a trivial
mechanism for altered inactivation. A final
argument against global conformational
change came with the similarity of a;~ and
o, unitary current amplitudes (=0.6 and
~0.25 pA with Ba’?* and Ca?*, respective-
ly, for both). This similarity excluded appre-
ciable alteration of permeation.

These results establish the EF-hand mo-
tif of oy as an essential structural determi-
nant of Ca’" inactivation, whereby Ca?*
binding to the EF-hand motif initiates Ca®*
inactivation. By analogy to other EF hands,
the transduction of binding to inactivation
might occur by Ca?*-induced exposure of

hydrophobic residues on the E and F heli-
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ces, which could then interact with a com-
plementary hydrophobic surface (24) so as
to inhibit opening (10). “Donation” of the
Ca?" inactivation phenotype to & pc a3
suggests that the receptor is intact on oyg
and that only the binding domain may be
defective, as supported by the alignment of
the EF-hand regions from the major classes
of Ca?* channels (Fig. 4A). For a, and
o, [which probably has Ca?* inactivation
(25)], the region is almost identical and
these channels score highest (14 out of 16)
on a modified Tufty-Kretsinger EF-hand
test (20). For o, oy, and a4, which all
lack Ca®" inactivation (26), divergence is
substantial and scores are lower. However,
only ~70% of EF-hand motifs (27) actually
bind Ca®*; our proposal remains to be con-
firmed by in vitro methods (22).

The location of the EF-hand motif helps
explain paradoxical features of the a; chan-
nel. Proximity of the EF hand to the inner
lip of the permeation pathway (28) predicts
insensitivity of Ca?" inactivation to intra-
cellular Ca®* chelators (29); diffusion calcu-
lations indicate that [Ca?™] in the channel
pore would be little affected by such agents
(29). Conversely, because the EF hand is not
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Fig. 2. Molecular determinants of Ca?* inactivation. All a, constructs were co-expressed with the B,,
subunit to ensure robust expression. (A) Left, schematic representation of o, s, o, and chimeric constructs
(not to scale). Values in parentheses indicate amino acid numbers. Right, corresponding f values (mean =
SEM from the number of cells in parentheses). (B) Inactivation of o, 5. Left, Ba®* (solid) and Ca®* currents
(dashed) during steps to various potentials. Holding potential, —90 mV; tail potential, —80 mV. Ca?*
currents were scaled by (from top) 4.38, 2.07, and 0.94 times to facilitate comparison of kinetics. Right,
peak current and ray, from n = 5 cells. Symbols are as in Fig. 1C. (C) Schematic representation of o, g,
chimeric constructs (left) and associated f values (right). The format was identical to that in (A). (D)
Inactivation of o, . The format was identical to that in (B). Data are from 10 cells. NMG-MeSO; internal
solution (74) was used in (A) through (D); 10 mM charge carrier was used throughout.
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quite in the conduction pore, Ca?" inacti-  the mode-shift behavior underlying Ca?*
vation can be accelerated by extra-channel  channel regulation by Ca?* and phosphoryl-
factors, like Ca’?* flux through adjacent  ation (Fig. 4B). Phosphorylation favors a
Ca?* channels (9) or ryanodine receptors  shift from mode 0, to mode 1 (31), where
(3). The contiguity of the EF hand to con-  mode O, resembles mode Ca, although L-
sensus protein kinase A (PKA) phosphoryl-  type Ca** channels do not require dephos-
ation sites on the a; COOH-terminus, re-  phorylation to inactivate (10).

garded as probable loci for channel up-regu- Our findings may have implications for
lation by PKA (30), may explain parallels in ~ many biological systems, given the wide

Fig. 3. Single-channel
qomparison of inactiva- Test depolarization
tion in oo and a ey, -80 —F ™ 100 ms
both co-transfected with
B, TOp, Voltage-pulse
protocol for all panels.
Test depolarization lasts
386 ms. (A) o, unitary
Ba?* currents. Top, uni-
tary current records from
a single patch with two
channels filtered at 1400
Hz. Pre., with prepulse;
Con., without prepulse
control. Dashed lines in- | S o) St
g'Ca;itﬂl‘s leeA”‘ZCi:f‘e' 0 200 400 0 5 10 0 200 400 0 5 10
urr vel. Arr in- . X
dicate instant of test de- Time (ms) Time (ms)
polarization, as indicated
by protocol at the top.
Middle, ensemble aver-
age currents after nor-.
malization by the -num-
ber of channels (here,
and in all panels), de-
rived from the same
patch. Bottom, first la-
tency distribution (left)
and conditional open ol ~
probability (right), de- §') 200 400 O 5 10 o(‘) 200 4(')006 : 10
rived from same patch. Time (ms) Time (ms)
Solid line, without pre-
pulse; dashed line, with prepulse. (B) o, ¢_; unitary Ba2* currents. The format is identical to that in (A),
with scale bar values as in (A). Shown are exemplar records from a patch with three channels, filtered
at 1400 Hz. Ensemble averages, £, and P, were averaged from four patches. (C) o, unitary Ca?*
currents. The format is identical to that in (A). Shown are unitary records from a patch with three
channels, filtered at 1000 Hz. Ensemble averages, F, and P, were averaged from three patches. (D)
a, . Unitary Ca2* currents. The format was identical to that in (A), with scale bar values as in (C).
Shown are records from a patch with two channels, filtered at 700 Hz. Ensemble averages, F, and P_
are averaged from four patches.

Fig. 4. Mechanistic features of Ca?*-sensitive in- A
activation. (A) Alignment of EF-hand regions from app (13) -;,v ol '_'r_, c___m ,,Ys_;_,,,,s____,,
five major classes of voltage-gated Ca?* channels oy (12) S lr- . E i
5). Shown are amino acids 1782 to 1816 of a4 oy (13) —-v V- ---N} ‘;“,’;’,‘YT?{YE" TL!{S----L
(36), 172810 1762 of a5 (37), 1695 t0 1729 of ot e ((‘11’)“.”‘Rf””"",“f?‘?‘f’”‘"""“““‘“’““
ayp(14) - ----- e

(16), 1526 to 1560 of a, (72), and 1495 to 1529 T T T T T T
of a5 (38). Dashes show positions of identity to
o, (39). For reference, the modified Tufty-Krets-

inger scoring template (20) is shown at the bot- B

tom, with scoring numbers in parentheses above. Mode 1 Mode 1
Residues E, G, and | are the anticipated amino [WWM‘WJ [ J
acids in this position of an EF hand. *'n” denotes a

hydrophobic amino acid (L, I, V, F, M, W, and V), Ca?* Ca®  arp P
and the asterisk denotes a ligand vertex for Ca?™* 56 0 l
(D, N, E, Q, S, and T). Each such criterion that is Mode Ca Mode Oa
satisfied contributes one point; the score of each

channel appears in parentheses. (B) Parallels in
the gating modes underlying Ca®* channel regulation by Cag+ and PKA phosphorylation. Simulated
traces are for illustration only. P,, inorganic phosphate.
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distribution of L-type Ca?* channels. For
example, in heart where the duration of
action potentials is highly sensitive to Ca’*
inactivation (32), the EF-hand region of
L-type Ca’* channels is a potential locus
for inherited electrical disorders like long
QT syndrome (33); it also may be a molec-
ular target for new cardiac inotropic and
anti-arrhythmic drugs.
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Coactivator and Promoter-Selective Properties
of RNA Polymerase | TAFs

Holger Beckmann, Jin-Long Chen, Thomas O’Brien, Robert Tjian*

Human ribosomal RNA synthesis by RNA polymerase | requires the activator UBF and the
promoter selectivity factor SL1, which consists of the TATA binding protein (TBP) and
three associated subunits, TAF,110, TAF,63, and TAF48. Here it is shown that both
TAF,110 and TAF 63 contact the promoter, whereas TAF 48 serves as a target for inter-
action with UBF and is required to form a transcriptionally active SL1 complex responsive
to UBF in vitro. TAF,48 also alters the ability of TBP to interact with TATA box elements,
and the resulting complex fails to support transcription by RNA polymerase Il. Thus,
TAF,48 may function both as a target to mediate UBF activation and as a class-specific

promoter selectivity factor.

Enhancement of transcription initiation by
sequence-specific DNA binding proteins is
a principal mechanism for regulating gene
expression in animal cells (I). Promoter-
selective transcriptional activators bind
DNA and interact with specific compo-
nents of the basal transcriptional apparatus
in order to modulate gene expression (2).
For example, some site-specific enhancer
binding proteins directly target subunits of
the basal transcription factor TFIID, which
consists of TBP and at least eight TBP-
associated factors called TAF;s (3-8).
Transcription of the human 18S and 28S
ribosomal RNA genes by RNA polymerase
I (RNA Pol I) also requires a TBP-TAF
complex called selectivity factor 1 (SL1).
All four subunits (TBP, TAF#48, -63, and
-110) are necessary to form an SL1 complex
that supports transcription in vitro with
purified RNA Pol I and the upstream bind-
ing factor, UBF (9-11). Consequently, one
or more TAFs in the SL1 complex are
expected to recognize and bind core pro-
moter DNA, whereas other subunits may be
targets for activation by UBF.

To test the activator binding properties
of individual TAFs in the SL1 complex, we
performed protein-protein binding assays
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with an affinity resin containing human
recombinant UBF (rUBF) (Fig. 1) (12). As
reported previously, UBF interacts with
TBP (13). However, TBP alone is unable to
support UBF-dependent activation of tran-
scription by RNA Pol I (11). We therefore
tested each of the TAFs associated with

TBP TAF 48 TAF,63 TAF,110

I 1T L 117 1
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Fig. 1. TAF48 subunit of the SL1 complex binds
to UBF. Partially purified FLAG epitope-tagged
UBF (72) was immobilized on protein A-Sepha-
rose beads conjugated with antibodies directed
against the FLAG epitope (70). This resin (lanes 3,
6, 9, and 12) and resins containing the antibodies
but lacking UBF (lanes 2, 5, 8, and 11) were incu-
bated with in vitro 35S-methionine-labeled TBP
(lanes 2 and 3), TAF 48 (lanes 5 and 6), TAF63
(lanes 8 and 9), and TAF,110 (lanes 11 and 12).
Bound proteins were resolved by SDS-PAGE and
visualized by autoradiography (70). Lanes 1, 4, 7,
and 10 show 10% of the individual TAFs used in
the binding assay.





