tions. The final organic products of these
multicomponent reactions have molecular
weights of 432 (14) and 472 (16), yet the
fluorous-labeled precursors of these prod-
ucts were successfully extracted into the
fluorous phase for purification. These and
related fluorous-labeled products have mo-
lecular weights in the range of 2000, of
which roughly three-fifths is fluorine, one-
fifth is other atoms in the label (C, H, Si),
and one-fifth is the labeled substrate itself.
In these examples, the fluorous label has a
role roughly analogous to that of the “trace-
less linkers” recently introduced in solid-
phase synthesis (3).

In light of the increased demand for
combinatorial and parallel synthesis of li-
braries of small organic molecules, the issue
of purification is no longer a technical con-
cern but needs to be addressed at the strat-
egy level in synthetic planning. Reactions
should be designed such that the desired
product has a different phase from all of the
other components of the final reaction mix-
ture. The fluorous synthesis techniques out-
'lined here introduce new strategic options
to meet this goal.
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Recharge in Volcanic Systems.: Evidence from
Isotope Profiles of Phenocrysts

Jon P. Davidson* and Frank J. Tépley [

Strontium isotope ratios measured from core to rim across plagioclase feldspar crystals
can be used to monitor changes in the isotope composition of the magma from which
they grew. In samples from three magma systems from convergent margin volcanoes,
sudden changes in major element composition, petrographic features, and strontium
isotope composition were found to correspond to discrete magmatic events, most likely
repeated recharge of more mafic magma with lower ratios of strontium-87 to strontium-

86 into a crustally contaminated magma.

Mineral assemblages and individual crystal
phases from magmatic suites record differ-
entiation processes in magmatic systems.
Compositional zoning, textural discontinui-
ties, inclusion zones, and reaction rims in
crystals all reflect changes in magmatic con-
ditions. Compositional changes may be pro-
duced either by changes in intrinsic vari-
ables (such as changes in water content,
temperature, or pressure, reflecting eruptive
or convective cycles from a magma cham-
ber) or by open system processes such as
recharge (the introduction of a fresh batch
of generally hotter and less evolved magma
into the chamber) and contamination (the
assimilation of country rock and its incor-
poration into the magma).

Plagioclase feldspar can serve as a record-
er of differentiation processes in many vol-
canic rocks (1). In mafic to intermediate
voleanic rocks of subduction-related suites, it
typically occurs as large (2 to 20 mm) phe-
nocrysts. Growth zones within plagioclase

crystals form an effective stratigraphy reflect-

ing changes through time in the magma from
which it grows. Dissolution surfaces pre-
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served in the crystals, and revealed by pet-
rographic and Nomarski interferometry anal-
ysis (2), reveal rapid changes in the magmat-
ic environment. We show that Sr isotope
profiling of plagioclase phenocrysts is a po-
tentially powerful tool in elucidating differ-
entiation processes and discuss three exam-
ples that underscore the importance of re-
peated mafic recharge in subduction-related
volcanic systems. We studied plagioclase
from Chaos Crags in California, Purico-
Chascon in Chile, and El Chichén in Mex-
ico. In the first two systems, the presence of
mafic magmatic inclusions provides direct
evidence that recharge occurred, whereas at
El Chichén, the phenocrysts themselves pro-
vide the most compelling evidence for re-
charge by a mafic magma.

We obtained the crystal isotope stratig-
raphy by mechanically drilling polished,
thick sections. Drill sites were planned to
sample discrete zones within the crystal,
which may be bounded by dissolution sur-
faces. This objective was rarely achieved,
however, because the width of distinct
zones is typically similar to, or less than, the
drill diameter. Furthermore, adjacent zones
may also be penetrated in the vertical di-
mension. Thus, individual drill sites com-
monly include mixtures of two or more
adjacent growth zones, but careful overlap-
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ping of drill holes made possible reasonably
comprehensive characterization of 87Sr/6Sr
variations from core to rim.

Chaos Crags comprises a group of six
discrete dacite domes sequentially emplaced
between 1000 to 1200 years ago (3) as part
of the Lassen Volcanic Center, the south-
ernmost extension of current subduction-
related magmatic activity of the Cascade
range of North America. The domes con-
tain a suite of mafic (basaltic andesite) mag-
matic inclusions, which increase in volu-
metric abundance with time throughout the
emplacement sequence. The inclusion mag-
mas and host dacites have incompletely
hybridized but have mingled to the extent
that crystal populations have been ex-
changed and show various degrees of dis-
equilibrium. A model in which two magmas
intermingled (4) appears to explain chem-
ical and petrographic characteristics of the
Chaos Crags system.

Plagioclase crystals in the mafic inclu-
sions are typically large and compositionally
similar [in terms of anorthite (An) content,
about An,, (5)] to those in the host dacite.
Many crystals have a spongy-textured over-
growth (Fig. 1A), which apparently indi-
cates immersion of plagioclase crystals from
the host dacite into the mafic magma. The
marked increase in An content near the rim
is consistent with this interpretation.

The 87Sr/®6Sr ratios from the cores of the
crystals in the inclusions are similar to those
of the bulk host dacite (~0.7040 to 0.7041),
whereas the 87Sr/8Sr ratios of the rims are
close to those of the basaltic andesite inclu-
sions (~0.7037 to 0.7038) in which the
crystal now resides (Fig. 1). A simple inter-
pretation consistent with petrographic obser-
vations is that the plagioclases grew in a
dacite magma system that was injected by a
basaltic andesite with a lower 87Sr/%¢Sr ratio
and that the low 87Sr/8Sr ratios of the rims
reflect overgrowth after immersion in the
inclusions. The presence of dissolution sur-
faces in the crystals and the occurrence of
mafic clots dispersed throughout the dacite
hosts, which may represent the remnants of
earlier inclusion suites (6), suggest that mafic
recharges occurred also during earlier phases
of crystal growth. Detailed profiling confirms
that the 8Sr/®Sr ratio is variable in the
interiors of some crystals.

Purico-Chascon is a Quaternary lava
dome complex in the Altiplano region of
northern Chile, similar in many respects to
Chaos Crags. The dacites that form the
domes contain a suite of mafic inclusions,
which have interacted and variably hybrid-
ized with the host dacites. The dacite domes
represent a suite of rocks formed from crust-
al melting of the local ignimbrite basement
(37Sr/®6Sr ratio of ~0.709), whereas the
basaltic andesites (lower 87St/®¢Sr ratio of
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~0.7062), which form the mafic inclusions,
are melts from a deeper source (7, 8).

The 87Sr/®6Sr ratios of plagioclase crystals
from Purico-Chascon mafic inclusions, also
decrease overall from core to rim. The most
complete profile, however, shows an oscilla-
tion (Fig. 2, A and B). The detailed petrog-
raphy (8) suggests that crystal populations
have been exchanged, possibly multiply recy-
cled, between mafic and silicic magmas; a
balance between recurring mafic recharge and
crustal assimilation is implicated. The overall
crystal isotope stratigraphy reflects progressive
addition of mafic magma to asilicic end mem-
ber. The intraprofile reversal in this trend at
1.5 to 1.0 mm from the rim in Fig. 2B then
reflects a period of growth in which assimila-
tion was dominant over recharge.

The silicic melt that formed the domes is
isotopically similar to the Purico ignimbrite
(1.3 X 10° years old) that underlies the
dome complex (9). It may be magma residual
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Fig. 1. Example of drilling results for a plagioclase
phenocryst in a mafic magmatic inclusion from
Chaos Crags, Lassen National Park, California (20).
(A) Dirill hole locations on a Nomarski image of the
crystal; dissolution surfaces are marked by arrows.
(B) The 87Sr/86Sr results are shown relative to the
An contents and to the locations of obvious disso-
lution surfaces. The small-scale variations in An
content probably reflect perturbations in local con-
ditions (27), whereas the sudden jumps in An con-
tent, which occur near dissolution surfaces, are
thought to reflect a major change in growth condi-
tions (22), such as a change in temperature, com-
position, and water content that would accompany
the introduction of basalt magma into the chamber.
The length of the bars corresponds to the width of
the drill hole. Dashed curves are simple diffusion
profiles (labeled for time in years) appropriate for
temperatures of about 950°C, demonstrating the
unrealistically long time scales required for diffusion
to affect Srisotope compositions within the crystal
(117). Core-to-rim decreases in 87Sr/88Sr ratios have
been recorded in seven other plagioclase crystals.
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from the ignimbrite eruption, implying the
existence of a long-lived magma chamber
(10). If so, then the cores of the plagioclase
crystals may be much older than the isoto-
pically variable rims and may be derived
from the Purico ignimbrite. Alternatively,
the silicic end member could be remelted
ignimbrite at shallow depth or a melt of the
same source as the ignimbrite at depth, and
the plagioclase crystals record nearly contin-
uous growth from that melt. Plagioclase crys-
tals sampled from the Purico ignimbrite have
cores with high 87Sr/®¢Sr ratios and rims with
only slightly lower 87Sr/®Sr ratios, far less
variation than recorded in plagioclase crys-
tals from the inclusions (Fig. 2B). These data
suggest that, rather than representing xeno-
crysts, the crystals from the inclusions grew
more or less continuously during the evolu-
tion of the Purico-Chascon magma system.
Plagioclase crystals from the dacite hosts re-
veal comparable core-to-rim variations, sug-
gesting that they experienced similar differ-
entiation histories and that their current en-
vironment (host versus inclusion) was the
result of a comparatively recent inclusion-
forming event. Thus, the crystal isotope stra-
tigraphy of the Purico-Chascon plagioclase
crystals records a protracted differentiation
history revealing far more detail than bulk
rock chemistries alone.

For both Chaos Crags and Purico-Chas-

con, systematic core-to-rim decreases in
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Fig. 2. (A) Results for a plagioclase crystal from a
mafic inclusion, the Purico-Chascon dome com-
plex, northern Chile. (B) The 87Sr/28Sr profile is plot-
ted together with the electron microprobe traverse.
Locations of major dissolution surfaces are shown
by arrows. The precision of the 87Sr/20Sr ratios lies
within the thickness of the bar. Large core-to-rim
decreases have been observed in six other plagio-
clase phenocrysts from Purico-Chascon.
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87Sr/86Sr ratios might be argued as reflect-
ing partial equilibration through self-diffu-
sion of an initially homogeneous plagioclase
immersed in a hot, mafic magma with a
lower 87St/%6Sr ratio. However, several lines
of evidence argue against this interpreta-
tion. First, if the 87Sr/®Sr profiles are inter-
preted as due simply to diffusion (11), then
the implied time scales would be excessively
long (Fig. 1). Second, the rates of diffusion
are typically orders of magnitude slower
than those of crystal growth. Only at neg-
ligible degrees of undercooling can diffusion
in the crystal keep pace with crystal growth
(12). Heating, such as may attend immer-
sion in the mafic inclusions, would initially
inhibit crystal growth but would also lead to
dissolution of the crystal margins, again at
rates far greater than diffusion of Sr can
affect the crystal interior. Finally, incom-
patible element concentrations determined
by secondary ion mass spectrometry do not
show simple systematic diffusion profiles in
response to a core-to-rim concentration
gradient but rather vary irregularly, most
likely in response to changes in the incom-
patible element concentration of the evolv-
ing magma and to changes in the effective
distribution coefficient with pressure, tem-
perature, composition, and kinetic factors
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Fig. 3. (A) Results for a plagioclase phenocryst
from the 1982 El Chichén eruption, Mexico. (B)
The 87Sr/26Sr profile is plotted together with the
electron microprobe traverse. Locations of major
dissolution surfaces are shown by arrows. For this
sample, the compositional profile (An content)
was not measured along the line of the microdrill
traverse,and has been mapped onto the Sr data
by correlation of stratigraphic growth features.
The precision of the 87Sr/86Sr ratios lies within the
thickness of the bar. Large core-to-rim decreases
have been observed in four other plagioclase phe-
nocrysts from the 1982 lava.
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controlling crystal growth.

El Chichén is a subduction-related vol-
canic edifice of Quaternary age forming part
of the Mexican Volcanic Belt. The recent
eruption (March through April 1982) was
part of a recurring cycle of eruptive activity,
taking place at intervals of ~600 (*+200)
years (13). The erupted products of 1982
and previous events are basaltic andesite to
andesite, plagioclase-porphyritic lavas, and
pyroclastic rocks, with subsidiary amphi-
bole, clinopyroxene, and apatite. Mafic
magmatic inclusions have not been ob-
served. Anhydrite was observed in fresh
blocks collected from the 1982 eruption
(14). Seven whole rock samples from this
eruption are isotopically relatively homoge-
neous and have lower 87Sr/®Sr ratios than
do the older lavas. However, Tilling and
Arth (15) showed that 87Sr/8Sr ratios in-
creased in the order from groundmass to
clinopyroxene, apatite, anhydrite, bulk
rock, and plagioclase, thus challenging the
assumption that the constituent compo-
nents of magmas— groundmass or glass and
the minerals crystallized therefrom-—are
isotopically homogeneous.

Plagioclase crystals from the 1982 lava
show particularly well-developed growth
zones punctuated by zones of melt inclu-
sions that correspond to “spikes” in An
content (Fig. 3B). It has been suggested
that these growth zones are a response to
variations in volatile pressure accompany-
ing cycles of pressure buildup and eruption
(16). Isotope stratigraphy of the crystals
enables us to test this contention because
variations only in pressure or temperature
should not affect isotope ratios. The 87Sr/
86Sr ratios of the crystals consistently de-
crease from core to rim (Fig. 3, A and B),
indicating that the growth zones reflect
open system processing rather than simply
changes in intrinsic variables (pressure and
water content). The Sr isotope ratios
change across the crystal. Although our
technique does not permit unequivocal
sampling of individual growth zones, it does
appear that changes in isotope ratio are

Fig. 4. Schematic illustration of the possible evo-
lution of convergent margin magma systems as
interpreted from the isotope stratigraphy of pla-
gioclase crystals. Mafic recharge occurs periodi-
cally and causes growth discontinuities in the pla-
gioclase crystals. Contamination by the assimila-
tion of crustal rocks with higher 87Sr/86Sr ratios
remains an important process, provided heat is
supplied by the recharge magma and provided
the wall rock does not become severely depleted
by partial melting of a fusible fraction or thickly
armored by sidewall cumulates. Although the re-
charge magma is assumed to have lower 87Sr/

correlated with magmatic events indicated
by the intracrystal unconformities (Fig. 3).

The Sr isotope variations across the phe-
nocrysts most likely record growth in a magma
system, to which a magma with a lower 8’St/
86Gr ratio was periodically added, possibly re-
sulting in eruption. The recharge events are
recorded in the plagioclase dissolution surfac-
es, and perhaps in the lower 87Sr/8Sr ratios of
more mafic phenocryst phases such as cli-
nopyroxene (15). If the periodicity of erup-
tions (~600 years) reflects the minimum fre-
quency of recharge events, which in turn are
marked by dissolution surfaces in the plagio-
clase crystals, then we can calculate maximum
crystal growth rates. If 0.5 to 1.0 mm is the
typical distance between dissolution surfaces
(Fig. 3), the growth rate is of the order 10712
cm/s. This is far slower than minimum growth
rates determined experimentally (107 to
1078 cm/s) but is similar to growth rates esti-
mated for natural systems (17). Recharge
events, however, do not necessarily always
lead to eruption, so it is possible that some of
the dissolution surfaces correspond to events
occurring more frequently than actual erup-
tions (that is, the time period represented by
the distance between discontinuities in the
phenocrysts is considerably less than 600
years). Furthermore, a finite volume of the
crystal must have been dissolved during re-
charge in order to produce the observed crys-
tallographic unconformities. Both of these
considerations may increase our estimated
growth rate by a factor of up to 10.

The high 87Sr/8¢Sr ratios of plagioclase
cores are consistent with higher ratios in
the older (~2000 years) bulk rocks. Plagio-
clase crystals may have started to grow in
magmas such as these early erupted prod-
ucts. Similarly, 87Sr/®Sr ratios have been
observed to decrease in bulk lavas over the
past 2000 years. Thus, the plagioclase phe-
nocrysts may preserve the differentiation
history over that order of time.

The isotopic difference between the
differentiated magma and the recharge
magma was likely a result of crustal assim-
ilation. The systematic decrease in 87Sr/

An content
(in plagioclase)

Onset of
crystallization

)
)

87gr/86gr (
or
An content (

875¢/868r (in magma,
reflected in plagioclase) "
Eruption (of magma

with crystal)

Time ——»

86Gr ratios than the contaminated magma in the chamber, its 87Sr/86Sr ratio is not necessarily constant.
Alternative scenarios involving more complex magma chamber dynamics might be equally plausible but
all require open system differentiation during plagioclase growth. '

SCIENCE ¢ VOL. 275 ¢ 7 FEBRUARY 1997 ¢ http://www.sciencemag.org




86Sy ratios in the phenocrysts therefore
requires that assimilation occurred at an
early stage of magmatic evolution. Each
subsequent recharge event added Sr with a
lower 87Sr/%¢Sr ratio (Fig. 4). Although
assimilation between recharge events may
gradually increase the %7Sr/86Sr ratio of
the magma (as may be illustrated by the
Purico-Chascon example in Fig. 2), this
question typically cannot be resolved at
the scale of microdrilling. A progressive
decrease in the 87Sr/86Sr ratio must reflect
the frequency and relative amount of maf-
ic recharge compared with assimilation.
This effect may well be accentuated by the
contribution of Sr from dissolving of pla-
gioclase rims attendant with each injec-
tion of mafic magma (18). Recharge of the
magma system must maintain a rather
steady-state magma chamber (19), as the
small variations in An content across dis-
solution surfaces and lack of unidirection-
al overall zoning preclude growth from
magmas that vary greatly in composition.
In the case of El Chichén, the uniformity
of erupted products over 300,000 years of
total activity (16) seems to support the
operation of a steady-state magma system.

REFERENCES AND NOTES

. B. S. Singer, M. A. Dungan, G. D. Layne, Am. Min-
eral. 80, 776 (1995).

2. A. T. Anderson, ibid. 68, 125 (1983); T. H. Pearce

and A. H. Clark, Geology 17, 757 (1989).

3. M. A. Clynne and L. J. P. Muffler, N.M. Bur. Mines
Miner. Resour. Mem. 47, 183 (1989).

. A model for the 1914-1915 Lassen Peak eruptions
equally well describes the earlier Chaos Crags mixing
event (M. A, Clynne, J. Petrol., in press).

5. Anorthite is a percentage measure of the CaAl,Si,Og
(versus NaAISi;Og; albite) component of plagioclase
feldspar.

. M. A. Clynne, personal communication.

. C. J. Hawkesworth, M. Hammill, A. R. Gledhill, P. van
Calsteren, G. Rogers, Earth Planet. Sci. Lett, 68, 240
(1982).

. J. P. Davidson, S. L. de Silva, P. Holden, A. N. Hal-
liday, J. Geophys. Res. 95, 17661 (1990).

9. S. L. de Silva, J. Volcanol. Geotherm. Res. 37, 93

(1989).

0. It has been suggested that the magma chamber for
the Bishop Tuff, CA, has existed for more than 1 X
108 years [P. van den Bogaard and C. Schirnick,
Geology 23, 759 (1995)].

11. At 950°C, a 87Sr/883r profile such as that deter-

mined in Fig. 1 would take approximately 105 to

108 years to form by diffusion, given the diffusion

coefficients of B. J. Giletti and E. D. Casserly

[Geochim. Cosmochim. Acta 58, 3785 (1994)] and

equations asinJ. N. Christensen and D. J. DePaolo

[Contrib. Mineral. Petrol. 113, 100 (1993)]. An iso-

lated body of molten magma at shallow levels in the

crust could only be maintained over long periods of
time if it were large {a 4-km? pluton emplaced in the
crust would be expected to solidify in 50,000 years

[F. Spera, Science 207, 299 (1980)]}, yet the mag-

matic volumes produced by both lava dome sys-

tems are small-(<2 km?3). Even if the Purico-Chas-
con domes were regarded as a residual magma

system to the larger volume ignimbrite (1.3 X 108

years old), the preservation of mafic inclusions,

many with guenched margins, requires that the
inclusion-forming event and therefore the maxi-

mum amount of time in which the crystals are im-

mersed in mafic magma was short. The inclusion-

-

N

@ ~N O

—

http://www.sciencemag.org « SCIENCE ¢ VOL. 275 * 7 FEBRUARY 1997

forming event most likely took place shortly before
dome emplacement, allowing incomplete hybrid-
ization to be preserved and perhaps acting as a
trigger for emplacement as described by R. S. J.
Sparks, H. Sigurdsson, and L. Wilson [Nature 267,
315 (1977)], J. C. Eichelberger [ibid. 288, 446
(1980)], and J. S. Pallister, R. P. Hoblitt, and A. G.
Reyes [ibid. 356, 426 (1992)].

12. Only within a few degrees of the equilibrium liqui-
dus for plagioclase will the growth-dissolution rates
be comparable with diffusion rates at that temper-
ature (~10~14 cm/s) [(77); R. J. Kirkpatrick, Rev.
Mineral, 8, 321 (1981)], and petrographic evidence
including crystal textures suggests that this condi-
tion is unlikely to be maintained for significant peri-
ods of time.

13. R. I. Tiling et al., Science 224, 747 (1984).

14, J. F. Luhr, 1. S. E. Carmichel, J. C. Varekamp, J.
Volcanol. Geotherm. Res. 23, 69 (1984).

15. R. I. Tiling and J. G. Arth (Abstract, International
Association of Volcanology and Chemistry of the
Earth’s Interior Congress), Middle East Tech. Univ.
Dept. Geol. Eng. Spec. Publ. 2 (1994). |

16. J. J. McGee, R. I. Tiling, W. A. Duffield, Geofis. Int.
26, 85 (1987).

17. K. V. Cashman, Rev. Mineral. 24, 259 (1990).

18. For example, for a magma containing 40% plagio-
clase phenocrysts approximated as 5-mm cubes,
with three times as much Sr in the crystals asin the
liquid [KSr(plag) ~3], some 30% of the total Sr in
the magma is contained in the outermost 0.5 mm
of the phenocrysts.

19. Recharge by a more mafic magma has been sug-
gested by many workers to explain compositional

§ REPORTS

and petrographic observations from volcanic rocks.
J. C. Eichelberger, Nature 275, 21 (1978); M. J.
Dungan and J. M. Rhodes, Contrib. Mineral. Petrol.
67,417 (1978); M. J. O’'Hara and R. E. Matthews, J.
Geol. Soc. London 138, 237 (1981); S. M. Kay and
R. W. Kay, Contrib. Mineral. Petrol, 90, 276 (1985);
T.H. Druittand C. R. Bacon, ibid. 101, 245 (1989); K.
Stamatelopoulou-Seymour, D. Viassopoulos, T. H.
Pearce, C. Rice, ibid. 104, 73 (1990).

20. We used diamond-tipped drills 0.25 to 0.4 mm in
diameter to drill holes to a depth of 0.3 to 0.5 mm.
Sample weights for these drill hole volumes are ~0.1
mg (recovered as a slurry in ultrapure water), but,
given high Sr concentrations in plagioclase feldspar
(>200 ppm), this weight still translates to >100 ng of
total Sr. We separated the Sr from Rb using Sr-Spec
resin in a microcolumn procedure producing blanks
<200 pg (<< 1% of the total Sr analyzed).

21. C. 8. Haase, J. Chadam, D. Feinn, P. Ortoleva, Sci-
ence 209, 272 (1980).

22, T.H. Pearce and A. M. Kolisnik, Earth Sci. Rev. 29, 9
(1990).

23. Supported by NSF grants EAR-9205772 and EAR-
9526908, and by Sigma Xi and Geological Society of
America grants to F.J.T. A. Halliday inspired our initial
thinking about microsampling. We thank M. Clynne,
R. I. Tilling, and S. L. de Silva for help with fieldwork,
providing samples, and sharing petrographic and
petrologic data, and P. Holden, F. Ramos, and K.
Knesel for help with analyses and interpretations. B.
W. Stewart and an anonymous referee provided very
helpful reviews.

2 October 1996; accepted 5 December 1996

Selective Use of TBP and TFIIB Revealed by a
TATA-TBP-TFIIB Array with Altered Specificity

William P. Tansey and Winship Herr

Interaction between the TATA box-binding protein TBP and TFIIB is critical for tran-
scription in vitro. An altered-specificity TBP-TFIIB interaction was rationally designed and
linked in sequence to an altered-specificity TATA box-TBP interaction to study how TBP
and TFIIB function together to support transcription in human cells. The activity of this
altered-specificity TATA-TBP-TFIIB array demonstrated that many activators use the
known TBP-TFIIB interaction to stimulate transcription. One activator, however, derived
from a glutamine-rich activation domain of Sp1, activated transcription independently of
this interaction. These results reveal that selectivity in activator function in vivo can be
achieved through differential use of TBP and TFIIB.

In vivo analysis of the basal transcriptional
machinery is difficult because the basal fac-
tors are highly conserved, ubiquitously ex-
pressed, and probably essential proteins. One
way to circumvent these limitations is to
exploit mutations that alter the specificity of
interaction between two factors, allowing
their activities to be measured in vivo in the
presence of their wild-type counterparts. We
have previously used a form of TBP with an
altered TATA box-binding specificity
(TGTA) (1) to probe the role of TBP in
activated transcription in human cells (2).
We found that TBP activity in vivo is sen-
sitive to certain combinations of clustered
point mutations across the surface of the
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" molecule, and that in vivo activity correlates

closely with the ability to associate in vitro
with the largest TBP-associated factor,
hTAF;250 (3), suggesting that the TBP-
associated factors (TAFs) are important for
activated transcription in vivo, as they are in
vitro (4).

Biochemical studies indicate that the in-
teraction of TBP with TFIIB is also critical for
activated transcription in vitro (5), but none
of our original TBP mutations targeted resi-

-dues involved in interaction with TFIIB (2, 6,

7). To probe the importance of the TBP-
TFIIB interaction for transcription in vivo, we
examined the effects of single or double ami-
no acid substitutions (8) at three TBP residues
critical for interaction with TFIIB in vitro (7)
(Fig. 1A), measuring the response to two
GALA4-fusion activators carrying either the
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