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Abstract

Multiprotein bridging factor 1 (MBF1) is a transcriptional coactivator that is thought to bridge between the TATA
box-binding protein (TBP) and DNA binding regulatory factors, and is conserved from yeast to human. Human
MBF1 (hMBF1) can bind to TBP and to the nuclear receptor Ad4BP, and is suggested to mediate Ad4BP-dependent
transcriptional activation. Here we report the resonance assignments and secondary structure of hMBF1 (57-148)
that contains both TBP binding and activator binding residt®relaxation data were also obtained. As a result,
hMBF1 (57-148) was shown to consist of flexible N-terminal residues and a C-terminal domain. The C-terminal
domain contains four helices and a conserved C-terminal region.

Transcriptional coactivators play a crucial role in

gene expression by communicating between regula- =

tory factors and the basal transcription machinery. .

Multiprotein Bridging Factor type 1 (MBF1) is a tran- - ¥ E E
scriptional coactivator that bridges between the TATA s v ] 5
box-binding protein (TBP) and DNA binding regula- p] g )." TR g
tory factors, and is conserved from yeast to human {gﬁ: @ e T £
(Takemaru et al., 1997). Bjyn vitro transcription C v Wil S &
assays,B. mori MBF1 was shown to recruit TBP w M~ TN

to a promoter carrying the FTZ-F1-binding site by &

bridging TBP and the nuclear receptor FTZ-F1 (Li
et al., 1994). Likewise, yeast MBF1 has been shown
to mediate GCN4-dependent transcriptional activation —; " o
by bridging the DNA-binding region of GCN4 and 'H (ppm)
TBP (Takemaru et al., 1998), suggesting that MBF1 _ 101 15 _

diates t inti | activati b iti TBP Figure 1. *H-*°N HSQC spectrum of hMBF1 (57-148). Assign-
mediates transcriptonal acuva '9” . y recruiing ment of cross-peaks is shown using the one-letter code for amino
to promoters where the DNA-binding regulators are acids. Pairs of peaks connected by horizontal lines represent Gin
bound. and Asn side chain Njigroups.

hMBF1 cDNA sequence was originally identified
as a homologue oB. mori MBFL1 in the databases,
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and subsequently the cDNA was cloned from HelLa
*To whom correspondence should be addressed. c-DNA library (Takemaru et al., 1997, Kabe et al.,
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Figure 2. Primary sequence of hMBF1 (57—148) with a summary of short and medium range NOEs, NH exchange data, CSPaiaiaand
coupling constants. Circles above the sequence indicate residues with amide protons visibleNHBOC spectrum after 25 min of solvent
exchange in BO buffer at 37°C, pH 6.5. The CSI data obtained froffC,, H, and3C’ chemical shift data are represented by square bars
(Wishart and Sykes, 1994). Upward and downward arrows indicate the coupling consafisand<4 Hz, respectively.

submitted). It was found that hMBF1 interacts with
the DNA-binding region of ATF-1 or Ad4BIh vitro,
in addition to TBP (Kabe et al., submitted). Tran-

sient expression of hMBF1 in HelLa cells causes an
elevated transcription of the gene carrying the bind-
ing sites of Ad4BP or ATF-1. These data suggest that
hMBF1 serves as a coactivator of ATF-1 and Ad4BP.

recombinant proteins were purified by SP-Sepharose
(Pharmacia) and Mono-S (Pharmacia) ion-exchange
and Sephacryl S-100 (Pharmacia) gel-filtration chro-
matographies. The homogeneity of purified hMBF1

(57-148) was estimated from SDS-polyacrylamide gel
electrophoresis and Coomassie Blue staining. Three
mg of pure &95%) hMBF1 (57-148) was obtained

By deletion analysis, a truncated hMBF1 containing from a 2 L culture, and it was found to be monomeric

amino acids 67—148 has been shown to bind to TBP,

and either of ATF-1 or Ad4BP (Kabe et al., sub-
mitted). Recently, Dragoni et al. (1998) identified
EDF-1, which is identical with hMBF1, as a gene
product down-regulated in human endothelial cell dif-

ferentiation. Herein, we report the NMR resonance

in solution by gel-filtration chromatography.

Samples for NMR measurements typically com-
prised 0.5—-2.0 mM protein in 50 mM potassium phos-
phate buffer (pH 6.5), 50 mM KCI, 0.1 mM EDTA in
H>0/2H,0 (9/1). All NMR spectra were recorded at
37 °C with Bruker DMX500, DRX500 or DRX800

assignments and the secondary structure of hMBF1 spectrometers. Sequential resonance assignments of

(57-148).

hMBF1 (57-148) was expressed i coli using
the pET16b vector (Novagen). For the NMR exper-
iments a uniformly’>N or 1°N/13C-labeled protein
was produced by growing. coliin M9 medium con-
taining 1°NH4Cl, without or with [U-13C]-glucose,

backbonelH, °N and '3C atoms were obtained
from 3D experiments, CBCANH, CBCA(CO)NH,
HN(CA)CO, HNCO, and verified by a 30'N
NOESY-HSQC spectrum (Cavanagh et al., 1996).
The assignments are indicated in the HSQC spec-
trum in Figure 1. SidechaifH and!3C assignments

respectively. Cells were lysed by sonication, and the were obtained from a series of 3D experimerfdy



TOCSY-HSQC (Cavanagh et al., 1996), H(CCO)NH
(Grzesiek et al., 1993), C(CO)NH (Grzesiek et al.,
1993) and HCCH-TOCSY (Cavanagh et al., 1996).
Stereospecific assignmentsypmethyl groups of va-
lines andd methyl groups of leucines were made using
a 15% fractionally*3C-labeled protein antfC HSQC
experiments (Szyperski et al., 1992).
Most of *H, 13N, and13C backbone and sidechain

375

ity, relaxation data of the mainchafiN resonances
were obtained. Spectra féPN Ty, T,, and1H-1°N
steady-state heteronuclear NOE values were acquired
at 37°C and a°N frequency of 50.7 MHz. Enhanced-
sensitivity pulse sequences were used (Farrow et al.,
1994). Ther; relaxation delays were 19, 64, 144, 244,
364, 524, 754, 1144, 1449, 1724 and 1999 ms and
the T, relaxation delays were 14.4, 28.8, 43.2, 57.6,

assignments have been made, except for 70-72, 116-72.0, 100.8, 144.0, 187.2, 244.8 and 345.6 ms. The

118, 145-148. Most of the mainchain amide signals
for these residues could not be observed iniHe
15N HSQC experiment, possibly due to local exchange

broadening and/or rapid exchange of the amide pro-

tons with the solvent. ThéH, 13C and1°N chemi-
cal shifts for hMBF1 (57-148) have been deposited
in the BioMagResBank (http://www.bmrb.wisc.edu)
under BMRB accession number 4294,

The secondary structure of hMBF1 (57-148) is
analyzed by means of chemical shift indices (CSI),

delay betweeh®N 180 pulses in the CPMG sequence
for the T, measurements was 90G. In thelH-1°N
NOE experiments, relaxation delays of 3.6 s before
the 1H saturation were applied. ThEH saturation
was achieved for 3.0 s with 120H pulses applied
every 5 ms. Peak heights of each spectrum were ob-
tained. EachT; and To was determined by fitting
the measured intensities by a two-parameter single-
exponential function using the program CURVEFIT,
as described previously (Ikegami et al., 1999; Mandel

sequential- and medium-range NOE patterns, the et al., 1995). The uncertainties in the measured peak

backbone vicinal coupling constant®)y y o, and
amide proton exchange rates (Figure 2). The CSI
analysis using'®Ca, 'Ho, and 3C' shifts sug-
gests that hMBF1 (57-148) has four helical regions.
There is no indication that hMBF1 (57-148) has
a B-strand or a continuous extended conformation.
Interproton distances were derived from 3D experi-
ments,3C NOESY-HSQC and®N NOESY-HSQC,
and 4D experimentd3C/1°N edited HMQC-NOESY-
HSQC and'3CA3C edited HMQC-NOESY-HSQC
(Cavanagh et al., 1996). Backbone dihedral an-
gles were estimated from vicinal coupling constants
(3JrnHa) obtained from HMQC-J experiments (Kay
and Bax, 1990). The results obtained from the com-
bined analysis of short- and medium range NOEs,

heights for theT; T, and NOE measurements were
estimated by repeating the experimerftsf 19 ms
for the T1 measurements, arfd = 14.4 ms for theT,
measurements]. The uncertainties were calculated by
the associated programs in the Modelfree v.4.0 pack-
age (Mandel et al., 1995). The obtainE Ty, To,
and'H-1°N steady-state heteronuclear NOE values are
shown in Figure 3. MosT; and T, data for the!®>N
spins in the 13 N-terminal residues (57 to 69) could
not be fit by the function withirx 2 values smaller than
the tabulated 2 values at the 95% confidence level.
For helical regions of the protein, residues 77—
85, 92-97, 103-110 and 120-127, bdthand T,
values are rather uniform: they are 44312 ms and
138+ 6 ms, respectively. Large and unifortal-15N

the vicinal coupling constants and hydrogen exchange steady-state heteronuclear NOE value$8at 0.04,

rates are in good agreement with those obtained by are also observed in these regions, suggesting that
the CSI analysis, and indicate that hMBF1 (57-148) the helical regions are well-structured, and tumble at
has four helical regions: H1 (77-85), H2 (92-97), the same overall rate. It is of interest that large NOE
H3 (103-110), H4 (120-127). Because stretches of values are observed for a part near the C-terminus,
dun (i, i +4) connectivities were found, it is suggested residues 128-139. The sequence in this region is well
that these helical regions form mainkyhelical con- conserved across MBFs from yeast to human (Take-
formations. Although stretches of severahdi, i + maru et al., 1997), containing basic and hydrophobic
2) connectivities are observed in the helical regions, residues, Leu 128, Lys 131, Leu 132, Arg 133 and
which are often observed fori@helices, the sig-  Lys 135 which are almost identical across the MBF1
nals for them were weak in NOESY spectra and thus sequences. The high NOE values and the high se-
probably due to spin diffusion effects. guence conservation suggest that this region might be
Few medium- and no long-range NOEs were ob- part of a structured domain, although any regular sec-
served for the N-terminal region, residues 57-75, ondary structure was not identified in the region. In
suggesting that this region is not well structured. In contrast, small or negative NOE values were observed
order to obtain a direct measure of the protein flexibil- for the N- and C-terminal regions, residues 57-75 and
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et al., in press), suggesting that the structural feature of
the C-terminal domains is conserved betwBemori

_ and human MBF1s. Takemaru et al. (1998) showed
ol & that substitution of alanine for aspartic acid at posi-

= tion 112 of yeast MBF1 resulted in a large reduction

— of its binding to TBPin vitro and a consequent loss
| of functionin vitro: yeast cells harboring this mutant
200 were sensitive to aminotriazole, an inhibitor of the
HIS3 gene product. The acidic residue is conserved
b at this position across all the aligned MBF1 sequence
: (Takemaru et al., 1997). The corresponding residue in
o . hMBF1 is Asp 108, and is located in the helix H3,
| | suggesting that H3 serves as a binding site with TBP.
LEI ' To date, little is known about structures of coactiva-
o) tors that bind to TBP. Our data, as well as data about
-m; B. moriMBF1, now provide the basis for the interac-
. tion of the coactivators with TBP and a framework for

the structural analysis of transcription activations.
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