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Role of Nonimmune IgG Bound
to PfEMP1 in Placental Malaria
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Infections with Plasmodium falciparum during pregnancy lead to the accumu-
lation of parasitized red blood cells (infected erythrocytes, IEs) in the placenta.
IEs of P. falciparum isolates that infect the human placenta were found to bind
immunoglobulin G (IgG). A strain of P. falciparum cloned for IgG binding
adhered massively to placental syncytiotrophoblasts in a pattern similar to that
of natural infections. Adherence was inhibited by IgG-binding proteins, but not
by glycosaminoglycans or enzymatic digestion of chondroitin sulfate A or
hyaluronic acid. Normal, nonimmune IgG that is bound to a duffy binding–like
domain b of the P. falciparum erythrocyte membrane protein 1 (PfEMP1) might
at the IE surface act as a bridge to neonatal Fc receptors of the placenta.

Malaria infection with P. falciparum during
pregnancy is an important cause of maternal
morbidity and mortality. It may induce pre-
mature delivery, spontaneous abortion, or
lead to a low birth weight (1, 2). Infections
often cause more severe symptoms in primip-
arous than in multiparous women. The inci-
dence of placental malaria similarly dimin-
ishes with increasing parity (3, 4), probably
due to the acquisition of immunity to the
infecting parasites (5, 6).

IEs are not passed from the mother to the
fetus, but accumulate in the placenta which
can experience high parasite densities (.50%
IEs) while the peripheral circulation is almost
free of IEs. Placental malaria may thus be
caused by IEs that are selected for and ex-
panded on receptors only present in the pla-
centa (7–10), as opposed to those in other
vascular beds.

Certain strains of P. falciparum bind non-
immune immunoglobulins onto the surface of
the host erythrocyte, a fact that made us
investigate their role in sequestration, in par-
ticular the possibility that IgG could bridge
the IEs to Fc-receptors present in the placen-
ta. We thus examined the frequency of IgG-
(and IgM-) binding IEs accumulated during
pregnancy in the placenta. Small pieces of
snap-frozen placental tissues were obtained
from six malaria-infected Cameroonese

women after approved consent. The para-
sitemia of the placentas ranged from three to
23% (Fig. 1A), and all of them were classi-
fied as having active or active-chronic infec-
tions (11). IgG-binding IEs (Fig. 1B) were
found in all of the placentas (10 to 75% IgG
positive, mean 44%), whereas IgM-binding
IEs (Fig. 1C) were more rare (2 to 34%, mean
18%) (12). IEs attached to the syncytiotro-
phoblasts bound only IgG (20 to 80%, mean
50%), except those of placenta CP42DJ,
where the number of IgG-binding IEs was
equal to that of the IgM-binding IEs. By
studying the Ig-binding phenotype of IEs
eluted from the placentas (13, 14), we con-
firmed that a majority of parasites causing
active placental infection bound IgG (Table
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Table 1. The phenotype of P. falciparum infecting
the human placenta. IEs were eluted from the
infected placentas and scored for their immuno-
globulin binding.

Placenta
IgG-binding
IE/IE tested*

Percent

CP24 18/23 78
CP42 14/14 100
CP42DJ† 2 2
CP193 205/276 74
CP939 32/247 13
CP940† 2 2

*Fractions of the IEs were also studied for their capacity
for binding to Sca1D cells including inhibition with soluble
CSA (100 mg/ml) and treatment with CSAnase ABC (0.5
U). About 50% of the IEs were specific for CSA (11). The
populations of parasites studied for CSA-binding were not
identical to those studied for immunoglobulin-binding
since not all eluted IEs were scored in the CSA-
assays. †The number of eluted parasites obtained
from the placentas CP42DJ and CP940 were not sufficient
for the assay.
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1). Fractions of IEs eluted from the same
placentas also bound to chondroitin sulfate A
(CSA) (Table 1). IgG binding was very in-
frequent among the small number of IEs
available from the corresponding peripheral
venous blood (1/15, 7%, mother 42; 0/4,
mother 193; 0/21, mother 939). The accumu-
lation of IEs carrying IgG in the placenta and
their absence from the peripheral circulation
suggests that P. falciparum IEs with an IgG-
binding phenotype are selected for in the
placenta.

An IgG-binding parasite (TM284, 30%
IgG-positive IEs) was cloned by micromanip-
ulation and the progeny were used to further
study the role of IgG for the binding of IEs in
the placenta. One of the cloned lines
(TM284S2) had an up-regulated capacity to
bind normal, nonimmune immunoglobulins
with '80% of the IEs being IgG- (and IgM-)
positive. It also formed giant rosettes ('80%
of IEs) composed of mixed rosettes and auto-
agglutinates. TM284S2 IEs were found to
have very low or no binding to common
endothelial receptors such as CD36 (28 6 1
IE/100 transfectants), CD31/PECAM-1 (6 6
1 IE/100 transfectants), or ICAM-1 (0 6 0
IE/100 transfectants). TM284S2 did not bind
to CSA spotted on plastic (0 IE/mm2 6 0)
(15), whereas FCR3CSA—a parasite enriched
in vitro for CSA binding (16) studied in the
same experiment—avidly did so (434 6 31
IE/mm2). Further, late-stage IEs of TM284S2
adhered massively to fresh cryosections of
normal human placental tissues in a pattern

similar to the in vivo localization of IE (Fig.
1, D and E). The binding occurred at the
syncytiotrophoblast surfaces and (70 6 1%)
at syncytial bridges with a mean of 224 6 88
IEs per mm2 without any prior panning or
enrichment steps. IEs of two sibling clones
that lacked the IgG-binding phenotype
(TM284S25, TM284S27) did not bind to the
placental sections.

Preincubation of the placental sections
with IgG (5 to 20 mg/ml) before the adhesion
assay increased the binding for TM284S2 to
around 200% (Fig. 1F), whereas preincuba-
tion of the IEs with the same amounts of IgG
increased the binding to 300%. A similar
effect was seen when whole human serum
was added. However, oversaturation with
IgG reduced the binding to around 30% com-
pared to the control ('70 IEs/mm2; Fig. 1F).
In order to verify the importance of IgG, an
independent IgG-binding protein, protein A
of Staphylococcus aureus, was used as an
inhibitor. A strong and dose-dependent inhi-
bition of the placental binding of TM284S2
was obtained using Staphylococcus protein A
(Fig. 1G). No inhibition was seen at equal (or
higher) concentrations of an unrelated pro-
tein, bovine serum albumin (BSA).

Treatment of the placenta sections with
the enzymes hyaluronidase as well as chon-
droitinase ABC prior to IE binding did not
affect the binding of TM284S2-IE (Fig. 1H).
Binding was only marginally affected by
CSA or hyaluronic acid (HA); when incubat-
ed at concentrations as high as 100 mg/ml,

they reduced the binding by 30% at most.
Thus, the IEs of TM284S2 adhere to the
syncytiotrophoblasts via Fc receptors bridged
by IgG whereas CSA or HA probably play
minor roles in the sequestration in this para-
site. In contrast, FCR3CSA readily adhered in
a CSA-dependent manner to the placental
sections (125 6 23/mm2) without forming
auto-agglutinates or giant rosettes, or binding
IgG to the IE surface (Fig. 1H).

Antibodies in normal, nonimmune human
sera were found to bind to a '300,000 Mr

polypeptide having the characteristics of
PfEMP1 from an extract of [125I]lacto-per-
oxidase–labeled IEs of TM284. The corre-
sponding var gene in TM284S2 was identi-
fied with reverse transcription polymerase
chain reaction (RT-PCR) using degenerate
primers and it was subsequently cloned and
sequenced (17). A 7582-bp sequence was
identified equivalent to an open reading
frame of 2527 amino acids composed of an
NH2-terminal head-structure (NTS, a
DBL1a, CIDR1a), three additional duffy
binding–like (DBL) motifs (b, g, d), one
additional CIDRg domain and an acidic ter-
minal segment (ATS) (Fig. 2A). Thus, the
EMP1 of this placental-binding parasite pre-
sents a similar architecture (including a
DBL3g-domain) to that of the PfEMP1s ex-
pressed by previously identified placental-
binding parasites (18, 19).

To map the immunoglobulin-binding site
of TM284S2, PfEMP1 constructs corre-
sponding to the six extracellular domains and

Fig. 1. The binding of P. falciparum–infected eryth-
rocytes in the human placenta. (A through C) Sec-
tions of the Cameroonese placenta ICP193 stained
with different methods. Paraffin sections of placen-
ta tissue were fixed immediately after partus, de-
hydrated, and paraffin-embedded according to stan-
dard procedures. (A) Binding of IEs (arrowheads) to
the syncytiotrophoblast surface, hematoxylin/eo-
sin-staining. (B) IgG staining with peroxidase
(brown) and DNA counterstaining with Mayers he-
matoxylin (blue). The IgG staining is seen at the
surface of the syncytiotrophoblasts and within
them. Staining is further seen in the stroma, the
endothelial cells and the capillaries, reflecting the
complex transport pathway of IgG from the mater-
nal to the fetal blood. Arrowhead: IgG-binding IE.
(C) IgM staining with peroxidase and counterstain-
ing as in (B). Note that in contrast to IgG, IgM is
found only at the rim of the villi, because IgM is not
transported from the maternal to the fetal side of
the circulation. Arrowhead: bound IEs. (D and E)
Binding of TM284S2 late-stage IEs to cryosections
of normal Swedish placentas. IEs enriched
by Percoll-separation were incubated on the placen-
ta sections for 1 hour at 37°C, nonadherent cells
were washed off. The sections were fixed and
stained with 5% Giemsa. Numbers were obtained by counting at least 25
fields in 4003 magnification and expressed per mm2. IE bound to placenta
tissue in means in numbers of 224 6 88 IE/mm2. Arrowheads: bound IEs. (F
through H) Binding of TM284S2-IE to normal Swedish placenta cryosections
under the influence of various molecules. Binding is expressed as a percent-
age compared to a control without treatment. Error bars represent SE. (F and
G) The placental sections were incubated with increasing concentrations of

nonimmune IgG (5 to 40 mg/ml) or protein A (10 to 500 mg/ml) for 1 hour
at 37°C prior to the IE binding. Adhesion assays were thereafter carried out
as described in (D). An unrelated protein (BSA) is shown as negative control.
(H) Placenta sections were treated twice with hyaluronidase (10 mg/ml) or
chondroitinase ABC (0.5 U/ml) for 20 min at 37°C prior to IE binding. Open
bars represent the binding of TM284S2 and solid bars show the binding of
FCR3CSA.
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seven subfragments of DBL2b were ex-
pressed as glutathione S-transferase (GST)
fusion proteins in Escherichia coli and tested
for binding (Fig. 2, A and B). Amino acids
214 through 365 of the DBL2b were found to
carry multiple immunoglobulin-binding do-
mains. IgG of 11 other, distanct animal spe-
cies also bound to DBL2b.

To investigate whether PfEMP1 is in-
volved in the binding to IgG in the placenta,
all seven DBL2b-GST fusion proteins were
tested for their ability to adhere to normal
placental tissues. Only those fusion proteins
which showed binding activity to IgG in en-
zyme-linked immunosorbent assay (ELISA)

were found to bind (Fig. 2C), and preincuba-
tion of the sections with IgG strongly reduced
their binding. Furthermore, the adherence of
IEs to cryosections of the placenta could be
reduced by preincubation with the immuno-
globulin-binding fusion proteins (DBL2B,
DBL2C; Fig. 2D). Thus, DBLb is the critical
domain of PfEMP1 that binds monomeric
nonimmune IgG through the F(ab9) part,
leaving the Fc-g domain free for binding to
Fc-receptors in the placenta.

There is a sharp increase in the transport
of maternal IgG to the fetus during the second
trimester, resulting in serum levels of IgG
that are higher in the child than in the mother

at the end of pregnancy (20). The second
trimester is also the time when the placenta
goes through a series of important morpho-
logical changes, and the frequency of placen-
tal malaria peaks. The high prevalence of
maternal malaria at this time can be due to an
extended availability or higher expression of
IE receptors such as CSA or HA but it may
also depend on the up-regulation of maternal
Fc receptors. No matter what, it is likely that
multiple rather than few receptors mediate
sequestration of IEs, because the capacity to
bind to alternate structures in the placenta
will ensure the survival of the parasite.
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Fig. 2. Structure and
function of the PfEMP1
of the placenta-binding
P. falciparum clone
TM284S2. (A) The
clone TM284S2 ex-
presses a PfEMP1, of
which the extracellular
part consists of four
duffy-binding–like and
two cysteine-rich inter-
domain regions. Six
GST fusion proteins
each representing one
of the domains were
constructed and ex-
pressed in E. coli (con-
structs indicated as
lines). Seven additional
GST-constructs repre-
senting different frag-
ments of the DBL2b
were created to map
the Ig-binding part of
the molecule. (B) Map-
ping of the Ig-binding
domain on PfEMP1 by
ELISA: All GST fusion
proteins were tested
for their ability to bind
to IgG as well as the
Fab- and Fc-regions of
the molecule. ELISA
plates were coated
with 5 mg/ml of the fu-
sion protein overnight
at 4°C and blocked
with 3% BSA. The GST-
fusion proteins were
added in a series of double dilutions from 3 to 100 mg/ml. Binding was detected using an anti-GST
antibody and an ALP-coupled antibody. The DBL2b was identified as the Ig-binding domain of the
PfEMP1 in this parasite clone. Binding could be observed to IgG as well as the Fab and Fc regions of the
molecule [and in a similar pattern to IgM, the Fab and the Fc region of IgM (21). Three constructs
representing one-third of the DBL2b each indicated the binding sites to Ig to lie in the middle and
COOH-terminal part of DBL2b. Four additional constructs allowed to map the binding to two
independent regions within the DBL2b and DBL2.BII corresponding to amino acids 912 to 1055 and
DBL2.CI to amino acids 1050 to 1109 of the PfEMP1. (C) Binding of GST fusion proteins to placenta
cryosections of normal Swedish placentas. The fusion protein was added to placental cryosections in
concentrations of 25 mg/ml and incubated at 37°C for 1 hour. After washing, the binding was detected
with an anti-GST antibody. Only those DBL2 fusion proteins adhered to the placenta tissue, which have
been previously shown to bind to IgG in the ELISA assays (results shown for DBLBII and DBLCI). GST only
is shown as a negative control. (D) Binding of TM284S2-IE to normal Swedish placenta cryosections
under the influence of the PfEMP1 fragments DBL2B-GST and DBL2C-GST. Placenta sections were
incubated with increasing concentrations of both GST fusion proteins prior to IE binding. Adhesion
assays were carried out as described in Fig. 1D. Binding is expressed as a percentage compared to a
control without treatment. GST alone is shown as a control. Error bars represent SE.
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P
lasmodium falciparum, the protozoan
parasite that causes the most severe
form of malaria, is deadly because it

causes the red cells that it infects to bind
to endothelium and to become sequestered
deep within the vascular beds of tissues.
Infected red cells also become sequestered
in the placenta, where the intervillous (ma-
ternal) spaces can be packed with malaria-
infected erythrocytes and with phagocytic
immune cells called macrophages (see
the figure). Earlier work suggested that
malaria-infected red cells bind to chon-
droitin sulfate A (CSA) or hyaluronic acid
(HA) expressed by the syncytiotrophoblast
(a trophoblastic syncytium formed by the
coalescence of trophoblast cells) that lines
the placenta. On page 2098 of this issue,
Flick et al. reveal an additional way in
which infected red cells can become se-
questered in the placenta. They show that
nonimmune immunoglobulin G (IgG) ad-
sorbed on the surface of infected red cells
anchors them to Fc receptors expressed by
the syncytiotrophoblast (1). 

Malaria is more severe in women who
are pregnant, and parasite adhesion offers a
rational explanation for the particularly
high susceptibility of women to malarial
infection during first pregnancy. By pre-
senting receptors such as CSA that are un-
available elsewhere in the vasculature, the
placenta selects parasite-infected red cells
with distinct adhesive and antigenic prop-
erties. Women may have little exposure to
these distinct parasites until their f irst
pregnancy, making primigravidae particu-
larly susceptible. Women develop resis-
tance as they acquire antibodies against
CSA-binding parasites, suggesting that a
vaccine targeting placental parasites, deliv-
ered before first pregnancy, could protect
women against malaria once they become
pregnant. 

A malaria vaccine for pregnant women
would be likely to include erythrocyte mem-
brane protein 1 (PfEMP1)—a large, highly
variant parasite antigen encoded by the var
gene family that is expressed on the surface
of infected red cells. Each PfEMP1
molecule comprises multiple domains, in-
cluding Duffy binding–like (DBL) domains

and cysteine-rich interdomain regions
(CIDRs). Some forms of DBL (2, 3) and
CIDR (3, 4) bind to CSA in vitro. In the
new work, Flick et al. show that another
form of DBL can adsorb nonimmune IgG to
form a bridge that enables binding of the in-
fected red cell to Fc receptors on the syncy-
tiotrophoblast. Variation in PfEMP1 se-
quences makes development of a vaccine
based on this molecule a daunting task.
However, women develop immunity to
“pregnancy malaria” relatively quickly (over

one to two pregnancies). Furthermore, anti-
bodies that inhibit parasite binding to CSA
develop naturally, are associated with resis-
tance to infection, and cross-react with
African and Asian parasite isolates (5).
Thus, the antigens of placental parasites that
are targeted by protective immune responses
may have conserved epitopes or a limited
number of variant forms, making them par-
ticularly suitable for use in a vaccine. 

The most important question raised by
Flick et al. is whether a pregnancy malaria
vaccine will need to target several parasite
binding phenotypes in order to protect
women. The answer can only come from
field studies. In western Kenya where
malaria transmission is intense, ex vivo
binding assays—in which parasitized red
cells are allowed to bind to sections of un-
infected placenta—indicate that CSA is
the principal or only placental receptor
(6); studies at other sites also identify
CSA as a placental receptor (7, 8). Future
field work should assess the separate con-
tributions of CSA, HA, or IgG receptors to
sequestration of parasitized red cells in the
placenta, and should determine whether
the immune response targeting the various
binding phenotypes correlates with natu-
rally occurring protection. 

Models of in vivo binding have limita-
tions. First, placental parasites are se-
questered throughout the intervillous
spaces of the placenta in vivo, but they
bind only to the syncytiotrophoblast in ex
vivo assays (see the figure). This may re-
flect loss of intervillous material during tis-
sue preparation. Therefore, understanding
parasite interactions within the intervillous
spaces of the placenta requires alternative
approaches. Second, adhesion receptors
such as CD36 that are not on the syncy-
tiotrophoblast surface can be expressed

within placental stroma and
cause artifactual binding in
ex vivo assays. Third, CSA
or HA preparations are often
complex mixtures. For CSA
preparations, the degree of
sulfation is critical: Highly
sulfated forms can fail to
support adhesion, whereas
low-sulfated forms are opti-
mal for binding (9, 10) and
appear on the syncytiotro-
phoblast and in intervillous
spaces (10). In HA prepa-
rations, CSA is often pres-
ent as a contaminant, and
should be avoided by using
pure HA preparations.
Fourth, Flick et al. show that
infected red cells in the pla-
centa have antibodies on
their surface, but it is not
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A

BParasite attractions. (A) In

naturally infected placentas,

malaria-infected red blood cells

(identified by the dark brown

pigment of the parasite) can fill

the intervillous spaces of the

placenta, and attract inflamma-

tory cells, including macro-

phages. These pathological find-

ings are associated with severe

anemia in the malaria-infected

mother and low birth weight in

their babies. The intervillous

spaces of the placenta are bor-

dered by the syncytiotro-

phoblast, identified by its dark

blue, densely packed nuclei. (B)

In ex vivo binding assays where parasites are allowed to bind to

sections of uninfected placentas, parasitized red blood cells col-

lected from placentas adhere only along the surface of the syn-

cytiotrophoblast, and not elsewhere in the intervillous space, nor

on villous stroma.
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clear whether these are acquired antibodies
that recognize infected red cells (11) or
nonimmune IgG. 

The new work raises several questions
for future research. Protein A inhibits para-
site adhesion although it does not bind to
IgG3. This should prompt an investigation
of isotype specificity in the interaction be-
tween DBL domains and IgG. The authors
propose that it is the neonatal Fc receptor
that is a placental receptor for infected red
cells. However, several studies have con-
cluded that the neonatal Fc receptor is not
expressed on the syncytiotrophoblast sur-
face (12, 13), but instead is found in vesi-
cles within the syncytiotrophoblast where it
binds to IgG taken up by pinocytosis. Ei-
ther the cellular localization of neonatal Fc
receptors will need to be revisited, or con-
sideration will need to be given to other
surface molecules with Fc receptor activity.

Furthermore, Fc receptors are expressed
throughout the placental villus, so why did
malaria-infected red cells coated with anti-
body adhere only to the syncytiotro-
phoblast surface? Fc receptors for antibody
are expressed in other vascular beds—why
would infected red cells coated with anti-
body be selected only by the placenta, and
not by other tissues? Malaria may teach us
something new about the accessibility or
specificity of antibody receptors.

The helminth Schistosoma mansoni, a
parasite of humans, is thought to adsorb host
antibody onto its surface to avoid immuno-
logic recognition (14). In a similar way, P. fal-
ciparum might benefit from IgG coating the
red cells that it infects. If so, this would com-
plement its other strategies for immune eva-
sion, including antigenic variation, direct
modulation of the host immune response,
and, of course, deep vascular sequestration

that permits the parasite to avoid clearance by
the spleen. P. falciparum possibly emerged
only recently as a human pathogen (15), but it
has proven itself remarkably adept at adjust-
ing to and manipulating its host. 
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F
rom skin and muscle to nerve and
blood, our bodies are composed of
more than 200 distinct types of differ-

entiated cells. But how does this profusion
of different cell types arise from a single
fertilized egg? With a few exceptions, all
of our cells contain identical genetic infor-
mation, and thus the features of each cell
must be determined by its pattern of gene
expression, that is, which genes are turned
“on or “off.” The process that switches on
the appropriate genes in the correct cells at
the right time is, therefore, central to cellu-
lar differentiation and the development of
multicellular organisms.

Gene expression is controlled predomi-
nantly by regulating transcription, the pro-
cess that copies the gene’s DNA instruc-
tions into messenger RNA (mRNA),
which is then translated into protein. The
molecular machinery that drives the tran-
scription of genes comprises RNA poly-
merase II (the actual enzyme that makes
mRNA) and a group of basal or general
transcription factors (GTFs): TFIIA, B, D,
E, F, and H (1). This basal transcription
machinery assembles on a DNA sequence,
termed the core promoter, located at the
beginning of a gene. In addition, regulated

gene expression requires DNA sequences,
termed enhancers, that bind to sequence-
specific DNA-binding proteins (activa-
tors), which in turn activate transcription
(see the figure). Each gene is controlled
by a unique array of binding sites for dis-
tinct activators that ensure its expression
at the right time and place. The communi-
cation between the enhancer-bound acti-
vators and the basal transcription machin-
ery depends on a third class of transcrip-
tion factors, the so-called coactivators (2).
It is generally believed that a universal, in-
variant basal transcription apparatus inte-
grates the signals from enhancer-bound
gene-specific activators expressed only in
particular cells. However, with the flurry
of recent papers (3–9), including one by
Freiman et al. (3) on page 2084 of this
week’s issue, it is time to revise and ex-
tend this view. The new studies reveal that
tissue-specific components of the basal
transcription machinery can also be gene-
specific regulators of development. 

Surprisingly, these studies implicate
tissue-specific TFIID-related factors in or-
chestrating two of the most extraordinary
cell-differentiation programs in metazoan
organisms, namely, the development of
male and female gametes. During the for-
mation of both eggs (oogenesis) and
sperm (spermatogenesis) the precursor
cells undergo meiosis, a type of cell divi-
sion that reduces the double set of chro-

mosomes to a single set. At the same time,
there are dramatic changes in cell struc-
ture and morphology directed by strin-
gently controlled stage-specific gene ex-
pression programs. The oocyte, the largest
cell in an animal, is extensively prepared
and intricately programmed to develop in-
to a new individual. Sperm, on the other
hand, are “stripped-down” motile cells tai-
lored for the delivery of DNA to the egg.

TFIID is the prime sequence-specific
DNA-binding GTF and forms the scaffold
upon which the rest of the basal machin-
ery assembles as a prelude to transcription
(1). Consequently, binding of TFIID to the
core promoter constitutes a critical rate-
determining step and a key point at which
activators can control transcription. TFIID
comprises the TATA box–binding protein
(TBP) and about 10 TBP-associated fac-
tors (TAFIIs) (2, 10–12). TBP and most of
the TAFIIs are highly conserved from
yeast to human and are encoded by essen-
tial genes. TBP is important for binding of
TFIID to the TATA-box; the DNA-binding
TAFIIs recognize other core promoter ele-
ments, such as the initiator and the down-
stream promoter element (13). Selected
TAFIIs are coactivators and are believed to
promote transcription by acting as adap-
tors, linking activators to the basal ma-
chinery (2). Moreover, TAFII250 harbors
three distinct enzymatic activities that are
all involved in transcriptional regulation
(2). To complicate matters further, a sub-
set of TAFIIs are also constituents of his-
tone acetyltransferase (HAT) complexes
that lack TBP (11, 12). 

The first hint of tissue-specific TFIID
components was the discovery of
TAFII105, a subunit of TFIID, in a differ-
entiated human B cell line (14). Cloning of
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