spleen, and the Thyl.2*, CD4™, and CD8*
subpopulations of splenocytes were not re-
duced at day 7 by the MADb treatment.
However, flow cytometry (indirect immu-
nofluorescence) analysis of LFA-1 and
ICAM-1 expression on splenocytes of al-
lografted mice indicated that the MAb treat-
ment led to significant reduction of LFA-1-
and ICAM-1-positive cells at day 7 after
transplantation (Fig. 3). This down-regula-
tion of the antigens may account for the
inability to detect alloreactive CTL activity
at this time (Table 2) and could be respon-
sible for the induction of tolerance against
alloantigens. However, the expression of
LFA-1 and ICAM-1 was normal 40 and 75
days after transplantation, although alloreac-
tive CTL activity was still not detected.
Thus, the unresponsiveness is probably
maintained by some mechanism other than
down-modulation of LFA-1 and ICAM-1
molecules on allo responding cells.

The combination of both anti-ICAM-1
and antibody to CDlla (anti-CDlla)
MADbs was required to induce tolerance.
Each MADb used in this study alone can
inhibit in vitro cell-mediated cytotoxicity
(10, 13). However, our in vivo results
showed that each MAD has only a modest
effect on the prolongation of graft survival.
Persistent acceptance of the grafts was
achieved only by simultaneous administra-
tion of these two MAbs. Although further
investigations are needed, the redundancy of
adhesion pairs may partly account for this
synergism. LFA-1 has at least three ligands,
ICAM-1, ICAM-2 (18), and a third, un-
known ligand (19). In addition, ICAM-1
has other counter-receptors, Mac-1 (20) and
CD43 (21). Mac-1 and LFA-1 bind to
discrete domains on ICAM-1 (20). Howev-
er, the involvement of these adhesion mole-
cules in allograft rejection and tolerance
induction remains to be determined. What-
ever the mechanism, the ICAM-1 and
LFA-1 interaction is important in the patho-
genesis of allograft rejection. This mode of
immunosuppression could perhaps be ap-
plied to individuals undergoing organ trans-
plantation.
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Isolation of Two Genes That Encode Subunits of the
Yeast Transcription Factor ITA

JEFFREY A. RANISH, WILLIAM S. LANE, STEVEN HAHN

The yeast transcription factor IIA (TFIIA), a component of the basal transcription
machinery of RNA polymerase II and implicated in vitro in regulation of basal
transcription, is composed of two subunits of 32 and 13.5 kilodaltons. The genes that
encode these subunits, termed TOA1 and TOA2, respectively, were cloned. Neither
gene shares obvious sequence similarity with the other or with any other previously
identified genes. The recombinant factor bound to a TATA binding protein—-DNA
complex and complemented yeast and mammalian in vitro transcription systems
depleted of TFIIA. Both the TOA1 and TOA2 genes are essential for growth of yeast.

(RNAPII), initiation of mammalian

mRNA synthesis requires at least eight
general transcription initiation factors,
termed TFIIA, B, D, E, F, G, H, and J.
These general factors are required for tran-
scription from a core promoter containing a
TATA element and a transcription initiation
site (1, 2). The mechanism by which the
general factor TFIIA acts is not well under-
stood. Although some fractionated tran-
scription systems lack a TFIIA requirement
(3), the most highly purified human systems
have a strong TFIIA dependence (2, 4). Ina
fractionated yeast transcription system, yeast
TFIIA (yTFIIA) is required for high levels
of transcription promoted by an acidic tran-
scriptional activator (5). Several results sug-
gest that TFIIA may perform an important
regulatory function by blocking the action
of inhibitors of transcription (2, 4, 6). While
not itself a DNA binding protein, TFIIA
tightly binds to a TATA binding protein
(TBP)-DNA complex (5, 7, 8). Below, we

I N ADDITION TO RNA POLYMERASE II

J. A. Ranish and S. Hahn, Fred Hutchinson Cancer
Research Center, 1124 Columbia Street, Seattle, WA
98104.

W. S. Lane, Harvard Microchemistry Facility, 16 Divin-
ity Avenue, Harvard University, Cambridge, MA 02138.

refer to the TATA binding protein as TBP
and refer to TFIID as the multisubunit
transcription factor that contains TBP (9).

The reported subunit composition of
TFIIA from different sources is variable (2,
10). Purified yTFIIA consists of two poly-
peptides of 32 and 13.5 kD (5), which we
term TOAIL and TOAZ2, respectively. To-
gether, these two polypeptides can bind to a
TBP-DNA complex and restore transcrip-
tion to both yeast and mammalian in vitro
transcription systems depleted of TFIIA.
Neither subunit alone shows any activity in
transcription or TBP-DNA binding (5). To
better understand the function of TFIIA, we
have cloned the genes encoding both sub-
units of the yeast factor.

We purified TFIIA from yeast using a
TBP-DNA affinity column (5), and se-
quenced tryptic peptides generated from
both the TOAl and TOA2 subunits (11)
(Fig. 1). The peptide sequences were used
to design degenerate polymerase chain reac-
tion (PCR) primers for amplification of
small segments of each gene (12). These
PCR products were then used as probes in
screens of yeast genomic libraries to isolate
the entire coding sequences for TOA1 and
TOA2 (13). TOA1 consisted of an open

REPORTS 1127
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Fig. 4. Complementation of a mammalian tran-
scription system depleted of TFIIA by recombi-
nant TFIIA. All reactions contained recombinant
human TBP (20), fraction CB (21), and calf
thymus RNAPII, plus addition of TFIIA as indi-
cated. hTFIIA is fraction AB (21) and bTFIIA is
recombinant yTFIIA. Units of TFIIA normalized
by electrophoretic mobility shift assay are indicat-
ed. In vitro transcription was performed as de-
scribed (5).

and was restored by adding an equivalent
amount of recombinant TFIIA as normal-
ized by electrophoretic mobility shift assay
(Fig. 3B) (19).

We next tested whether recombinant
TFIIA could function in a mammalian tran-
scription system. To test for transcription
from the minimal adenovirus major late
promoter, we used a TFIIA-depleted system
(5) that contained calf thymus RNAPII,
bacterially expressed recombinant human
TBP (20), and fraction CB (21), which
contains all the remaining general transcrip-
tion factors. Basal transcription was stimu-
lated five- to tenfold by human TFIIA (Fig.
4). Addition of recombinant yTFIIA to this
system stimulated transcription to the same
extent as did human TFIIA, although about
three times as much yeast TFIIA was re-
quired as compared to the human factor.
The reason for this discrepancy is not yet
clear, but it is also observed with the native
yeast factor. The above results indicate that
the recombinant TOAl and TOA2 gene
products can substitute for native yeast and
human TFIIA.

Large regions of the TOA! and TOA2
coding sequence were separately deleted and
replaced by the yeast HIS4 gene (22). These
two constructs were used to disrupt one
copy of TOA1 or TOA2 in diploid yeast.
Upon sporulation of the TOA1- or TOA2-
disrupted strains, no HIS™ spores were re-
covered (0 out of 15 for TOA1::HIS4 and 0
out of 14 for TOA2::HIS4), suggesting
that the genes are essential for growth.
Second, a plasmid-loss assay was used to
prove that TOA1 and TOA2 were necessary
for growth of yeast and not merely for spore
germination. Haploid strains were con-
structed that contained a disruption of either
TOA1 or TOA2 on the chromosome and a
wild-type copy of the disrupted gene on a
URA3-marked plasmid. If the TOA genes
are essential, then no survivors should be
recovered when the cells are grown on 5-flu-
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oroorotic acid plates, which selects for cells
that have lost the URA3-marked plasmid.
Yeast cells could not tolerate the loss of
either TOA1 or TOA2Z unless the strain also
contained a second copy of the gene on a
separate LEU2-marked plasmid. This proves
that the TOA1 and TOA2 genes are neces-
sary for growth of yeast.

The question of whether TFIIA is an
essential transcription factor has been con-
troversial, as several fractionated systems
apparently lack a TFIIA requirement. One
possibility is that a major function of TFIIA
is to interfere with the function of an inhib-
itor and that in such systems this negative
factor has been depleted. Such a mechanism
has been proposed to explain dependence on
TFIIA for in vitro transcription (2, 6). In
any case, the fact that the TOA genes are
essential for viability of yeast suggests that
TFIIA is likely to be required for transcrip-
tion in vivo of at least some if not all genes
transcribed by RNAPII. Further genetic and
biochemical experiments with the cloned
TOA genes will provide a better under-
standing of the function of TFIIA in tran-
scription.
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