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Crystals of the Oct-1 POU/SNAP190 peptide/DNA tertiary complex

have been obtained by hanging-drop vapor diffusion at 293 K in 20%

2-propanol, 20% PEG 4000 and 0.1 M sodium citrate pH 5.6. The

Oct-1 POU protein has two domains, one a homeodomain and the

other a POU domain, which are connected by a ¯exible linker. The

DNA used in the complex is slightly different in the octamer region

compared with the two previously crystallized Oct-1 POU/DNA

complexes. The DNA is 14 base pairs, with an octamer sequence of

50-ATGTAGAT-30 and an overhang of one base on both strands. The

SNAP190 peptide is 27 amino acids long (residues 884±910). The

crystals diffract to 2.3 AÊ (94.1% completeness) at the synchrotron

under cryogenic (123 K) conditions. The crystals are triclinic, space

group P1, with unit-cell parameters a = 36.4, b = 54.9, c = 77.6 AÊ ,

� = 94.9, � = 99.6, 
 = 109.2�. This structure will provide insight into

how Oct-1 interacts with SNAP190, a critical component of the small

nuclear RNA-activating protein complex (SNAPc). Transcription of

human snRNA genes is activated by these direct protein±protein

interactions.
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1. Introduction
Transcriptional regulation involves coordi-

nated communication between transcriptional

regulatory proteins and the general transcrip-

tion machinery. We are studying the tran-

scription of the human snRNA gene family in

order to understand the mechanisms of tran-

scription activation. These genes are amongst

the most abundantly transcribed genes in

the cell and, interestingly, transcription occurs

by either RNA polymerase (Pol) II or III,

depending upon promoter architecture.

Promoters that are recognized by Pol III have

both a TATA box and a proximal sequence

element (PSE), while promoters transcribed by

Pol II have only a PSE (Kunkel & Pederson,

1988; Lobo & Hernandez, 1989; Lobo et al.,

1990). Nevertheless, TATA-binding protein

(TBP) is required for transcription of both of

these classes of genes. Though all yeast Pol III

genes and most Pol III genes from higher

eukaryotes use some form of TFIIIB-

dependent transcriptional initiation mech-

anism, the small nuclear RNAs of higher

eukaryotes utilize the SNAPc complex to

recruit the polymerase. The TATA-binding

protein (TBP) is also recruited to the promoter

through interactions with SNAPc (Sadowski et

al., 1993).

The ®ve known components of the SNAPc

complex vary in regard to size and function.

The largest subunit, SNAP190, contains a small

conserved region (residues 869±912) that

interacts with Oct-1 and activates transcrip-

tion. This region is homologous to the ®rst 63

amino acids of OBF-1, a B-cell speci®c co-

activator that associates with Oct-1 bound to

octamer motifs and increases transcription

from immunoglobulin promoters (Ford et al.,

1998). An apparently direct interaction

between a basal initiation factor (SNAPc) and

an activator (Oct-1) bypasses the need for a

coactivator (OBF-1) in some contexts. We are

interested in SNAPc because SNAPc-mediated

transcription represents the only known

TFIIIB-independent mechanism of Pol III

initiation. In order to understand the inter-

action between SNAP190 and Oct-1, we have

crystallized the complex on a U1 octamer site

and are in the process of solving the three-

dimensional structure.

The Oct-1 POU protein has been previously

crystallized in complex with DNA (Klemm et

al., 1994) and in complex with DNA/OBF-1

(Chasman et al., 1999). Both structures are at

lower resolutions (3.0 and 3.2 AÊ , respectively)

than our data for this complex (2.3 AÊ ). These

structures should help in obtaining a

molecular-replacement solution. In addition,

details of the linker and hydration information

may be gleaned from this extension in resolu-

tion. We can also compare and contrast the

interactions we observe with those of Oct-1

with OBF-1 (Bob-1, Oka-B). There are
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important sequence differences between

SNAP190 and OBF-1 in this interaction

region.

2. Protein, DNA and SNAP190 peptide
purification

The Oct-1 POU domain (residues 284±439)

was prepared in Escherichia coli as a gluta-

thione S-transferase (GST) fusion protein.

The protein was puri®ed on glutathione-

agarose beads (Sigma) and cleaved with

thrombin (Sigma) as described elsewhere

(Aurora & Herr, 1992). The DNA was

ordered from the Keck Oligonucleotide

Synthesis Facility at Yale University and was

puri®ed as described previously (DeWees &

Geiger, 1999). The SNAP190 peptide was

also ordered from the Keck Yale facility. It

was puri®ed on a C18 column (Vydax) with

an acetonitrile gradient. The peptide was

purged with nitrogen and then lyophilized

for use in complex formation. The Oct-1,

DNA and SNAP190 were combined in a

1:1.2:3.0 molar ratio. The concentration of

the Oct-1 protein was measured using the

Bradford assay. The DNA concentration was

calculated from its absorption at 260 nm.

The peptide concentration was estimated

using SDS±PAGE. The complex was then

concentrated in a Centricon-3 (Amicon) so

that the ®nal Oct-1 POU concentration was

around 5 mg mlÿ1. The complex was

exchanged into 10 mM Na HEPES pH 7.9,

10 mM DTT buffer by two cycles of

concentration and dilution. Crystals did not

form in the absence of DTT.

The complex was screened for crystal-

lization in 2 ml hanging drops in a variety of

crystallization solutions. The 2 ml hanging

drop was equilibrated against 300 ml of

crystallization solution in a 1:1 ratio. The

50-condition sparse-matrix crystal screen

(Jancarik & Kim, 1991) yielded diffraction-

quality crystals in 20% 2-propanol, 20%

PEG 4000 and 0.1 M sodium citrate pH 5.6.

The DNA used in the crystallization was

one of several tried based on octamer

motifs found in vertebrate snRNA genes

(Hernandez, 1992). Fig. 1(a) depicts the

DNA and sequence of the SNAP190 peptide

used in crystallization. The crystals grew in a

week to maximum dimensions of 700� 50�
25 mm (Fig. 1b) at room temperature.

3. Data collection and evaluation

The crystals were transferred to a cryo-

protectant solution consisting of 30% MPD,

20% 2-propanol, 20% PEG 4000 and 0.1 M

sodium citrate pH 5.6 and quick-frozen in

liquid nitrogen. X-ray diffraction data to a

resolution of 2.3 AÊ were collected at the

Structural Biology Center ID19 beamline at

the Advanced Photon Source (Argonne

National Laboratory, Argonne, IL, USA).

Data were collected using a custom-built

3 � 3 array (3072 � 3072 pixels) CCD area

detector. The crystal-to-detector distance

was 200 mm and two data sets were

collected on this crystal. The two were scaled

together and a total of 430� of data were

collected. Diffraction data were indexed and

integrated using HKL2000 and SCALE-

PACK (Otwinowski & Minor, 1997).

The crystals are triclinic (space group P1),

with unit-cell parameters a = 36.4, b = 54.9,

c = 77.6 AÊ , � = 94.9, � = 99.6, 
 = 109.2�.
There are two molecules in the asymmetric

unit, with a solvent content of 52%. X-ray

diffraction data were 94.1% complete, with

an Rmerge of 0.096 for 24 916 unique re¯ec-

tions from a total of 110 313 measured

re¯ections. Detailed data-collection statis-

tics are given in Table 1. The structure was

solved by molecular replacement using

AMoRe (Navaza, 1994). The Oct-1 POU

structure (Klemm et al., 1994) was used as a

model with only the few central base pairs of

DNA included in the initial search model.

The second molecule was found using only

the POU domain as a search model. The

homeodomain and the DNA portion of the

second molecule were built using the ®rst

molecule as a guide. After an initial cycle of

re®nement, an Rfree of 42% and an R factor

of 33% were obtained excluding both

peptides and most of the DNA. Clear elec-

tron density for both peptides was observed

in this map, con®rming the presence of the

peptide in both molecules.
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Figure 1
(a) U1 octamer DNA sequence used in crystallization
of the complex. (b) Typical crystals of the complex,
with dimensions of 0.7 � 0.05 � 0.025 mm.

Table 1
Data-collection statistics.

Values in parentheses refer to the last shell. Data was
collected at the Advanced Photon Source, Structural
Biology Center ID19 beamline.

Wavelength (AÊ ) 0.979
Resolution range (AÊ ) 50.0±2.3 (2.38±2.30)
Re¯ections measured 110313
Completeness (%) 94.1 (92.3)
I/�(I) 12.7 (3.0)
Rmerge(I)² (%) 9.6 (36.9)
Overall �2 for scaling 0.748

² Rmerge =
P

I jII ÿ hIij/
PhIi, where II is an individual

intensity measurement and hIi is the average intensity for this

re¯ection, with summation over all data.


