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Al

Physical characterization of DNA-
binding proteins in crude
preparations

MIN LI and STEPHEN DESIDERIO

1. Introduction

After identification of a DNA-binding protein and characterization of its
binding specificity, the investigator’s next goal is usually to obtain pure
protein for functional studies and for amino acid sequence analysis. Before
this is achieved, it is often desirable to determine the size of the binding
protein. It is also possible, in relatively crude preparations, to determine
whether the protein binds DNA as a monomer or as a multimer. Knowledge
of these simple physical characteristics can affect the choice of methodologies
for purification of the protein and for molecular cloning of the gene that
encodes it.

2. Determination of molecular weight from
hydrodynamic measurements

2.1 Theoretical and practical considerations

Molecular weight is related to three other properties of a macromolecule—
the sedimentation coefficient, diffusion coefficient, and partial specific
volume—by the Svedberg equation:

RTs

M= D(1 — vp)

M
where M is the molecular weight, s is the sedimentation coefficient, D is the
diffusion coefficient, v is the partial specific volume, and p is the solvent
density. It follows that if s, D and v can be determined, the molecular weight
of a macromolecule can be calculated. For proteins in crude preparations, s
and D are readily determined by velocity sedimentation and gel filtration
chromatography, respectively; the partial specific volume, however, is gener-
ally inaccessible under these conditions. Fortunately, for most proteins this
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value varies within a narrow range, and the molecular weight of an impure
protein can, therefore, often be estimated from experimentally determined
values of s and D and an assumed partial specific volume (0.725 g/cm?®) (1).

The hydrodynamic parameters needed to estimate the molecular weight of
a specific DNA-binding protein can be determined even in very crude prep-
arations. The Stokes’ radius (a) is related to the diffusion coefficient (D) by
the Stokes—Einstein equation,

KT

b= 6mma @

where K is Boltzman’s constant, 7 is the absolute temperature, and m is the
viscosity of the buffer at 7. As described below, the Stokes’ radius of an
unknown protein is readily estimated from its gel filtration partition co-
efficient, K,,, by comparison with a standard curve; from the Stokes’ radius, a
diffusion coefficient is calculated. The sedimentation coefficient (s) is likewise
determined by comparing the protein’s mobility in a centrifugal field with
the mobilities of standard proteins of known s value.

Because these measurements are generally made under non-denaturing
conditions, the molecular weight of the native protein is obtained. Thus, in
combination with denaturing methods (see below), one can infer whether the
DNA-binding protein exists as a stable multimer. One pitfall of this approach
is the potential for non-specific interactions with other proteins in the crude
preparation, which can affect the mobility of the DNA-binding protein during
gel filtration and velocity sedimentation. In the protocols given below, we
therefore suggest that these procedures be performed at salt concentrations of
100 mM or greater.

2.2 Estimation of Stokes’ radius by gel filtration
2.2.1 Partial purification of the DNA-binding protein

It is useful to effect a partial purification of a DNA-binding protein before
proceeding to characterization of its hydrodynamic properties because the
resulting increase in specific activity makes it easier to monitor specific DNA
binding in a relatively small amount of protein. We favour chromatography on
BioRex 70 or other cation exchange matrices for this purpose, because of their
high capacity and because nucleic acids are generally not retained on cation
exchangers at neutral pH. Thus, a DNA-binding protein that is retained on
BioRex 70 is usually separated from any nucleic acids present in the crude
extract, which might otherwise interfere with assays for specific binding.

Protocol 1. Partial purification of the DNA-binding protein by BioRex 70
chromatography

1. Prepare a nuclear extract from a source rich in specific DNA-binding
activity. The extraction protocol will, of course, depend on the protein to
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be characterized; we have elsewhere described a detailed method for
preparation of nuclear extracts from calf thymus (2). Determine the con-
centration of protein in the extract; we routinely use the assay of Bradford
(3). A protease inhibitor (such as 0.2 mM phenylmethylsulphonyl fluoride
(PMSF), added fresh from a 1M stock in ethanol) should be present
during the extraction, BioRex 70 chromatography and the subsequent
analytic procedures described below.

. BioRex 70 (200—400 mesh) is obtained from BioRad. Rinse the BioRex 70
matrix briefly with 0.5 M NaOH and then wash repeatedly with a buffer
containing 50 mM NaCl, 50 mM Hepes—NaOH (pH 7.5), 10mM 2-
mercaptoethanol, and 2 mM EDTA, until the pH of the effluent reaches
7.5.

. For an analytic trial, pour a 5 ml column (approximately 1 cm X 6 cm) and
equilibrate with at least 10 bed volumes of buffer B (50 mM NaCl, 20 mM
Hepes—NaOH (pH 7.5), 10mM 2-mercaptoethanol, 2mM EDTA,
0.2 mM PMSF and 10% (w/v) glycerol). The capacity of BioRex 70 is 2—
5 mg crude protein for every 1 ml of bed volume.

. Load 10 mg nuclear protein (concentration 5—-15 mg/ml) in buffer B at a
flow rate of 10 ml/h. Collect 0.5 ml fractions. Wash the column with 5 ml
buffer B. Develop the column with a 25 ml, linear gradient of NaCl from
50mM to 1M in buffer B. Monitor the protein in each fraction by UV
absorbance at 280 nm. Determine the NaCl concentration in each fraction
by measuring conductivity and comparing the measurements to a standard
curve. :

. Identify fractions containing the specific DNA-binding activity by electro-
phoretic mobility shift, footprinting, or filter-binding assay as appropriate
(see Chapters 1 and 2). Dialysis may be necessary before assaying activity,
depending on the sensitivity of the binding reaction to salt and the NaCl
concentration at which the binding activity is eluted. A concentrating step
is usually not required.

Assuming the DN A-binding activity is retained on the column and elutable by
salt a refined chromatographic protocol can be developed to optimize puri-

fication, once the NaCl concentration at which the activity elutes has been

determined. We have used the following sequence, after the sample is loaded:
(a) an NaCl step gradient from 50 mM to a concentration 50 mM below the
elution point; (b) a shallow, 100 mM linear gradient from 50 mM below the
elution point to 50 mM above it; (c) a step gradient to 1 M NaCl, which
regenerates the column. The use of a shallow gradient around the elution
point enhances separation of the binding protein from other proteins with
similar chromatographic properties.

DNA-binding activity that is not retained on the column at pH 7.5 may be
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retained at a lower pH. Alternatively, a DEAE matrix can be used, but
because nucleic acids are retained on DEAE at low salt concentration, two
problems may arise: (a) DNA or RNA bound to the DEAE matrix can have
unreproducible effects on the elution of DNA-binding proteins and (b)
nucleic acids may contaminate eluted DNA-binding proteins and interfere
with binding assays.

2.2.2 Gel filtration chromatography

The elution position of a protein during gel filtration chromatography is most
closely correlated with its Stokes’ radius (a) (4). The cross-linked agarose
matrix Superose (Pharmacia-LKB) provides highly reproducible separations.
Two porosities are available: Superose 6 (separation range about 5 X 10°-5 X
106 mol. wt.) and Superose 12 (separation range about 1 x 10°-3 X
10° mol. wt.). These are commonly obtained in pre-packed columns for use
with an FPLC system (Pharmacia-LKB) equipped with a UV monitor and
fraction collector. -

Protocol 2. Gel. filtration chromatography on Superose 12

1. A pre-packed Superose 12 HR10/30 column (10 mm X 300 mm) is equili-
brated with a buffer containing NaCl at a concentration of at least
100 mM. The flow rate should be about 0.3 ml/min, to prevent high back
pressures that can distort the packed matrix. A trial run should be per-
formed before the protein sample is loaded. The UV trace should be
examined for any deflections from baseline that are not dependent on the
presence of protein; such deflections can result from transient pressure
changes. In most instances there should be only one such deflection, at
about 0.2 ml, which is caused by a pressure change resulting from valve
switching after the sample is loaded.

2. Load an aliquot (<150 pl) of the partially purified protein preparation
through a 200 pl injection loop. Brief centrifugation may be necessary to
remove any insoluble material before chromatography.

3. Develop the column with a 25 ml isocratic gradient containing NaCl at
100 mM or greater, to minimize the possibility of non-specific protein
interactions, at a flow rate of 0.2—0.5 ml/min. Collect 0.5 ml fractions.

4. Assay DNA-binding activity in each fraction that elutes after 6 ml (the
void volume of the column is about 7 ml).

5. Under conditions identical to those used for the DNA-binding protein,
perform an individual chromatographic run for each of a series of standard
proteins, loading 30-100 pg in each case. The following standards are
commonly used: ferritin (@ = 61.0 x 10~%cm), catalase (@ = 52.2 X
1078 cm), bovine serum albumin (BSA) (a = 35.5 X 107® cm), ovalbumin
(a = 30.5 x 1078 cm), and chymotrypsinogen (a = 20.9 X 10~%cm). After
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performing the individual runs, combine the standards and chromatograph
under the same conditions.

6. Determine the void volume, V,, by chromatographing blue dextran
(detected by absorbance at 280 nm) under the same conditions as above.
The elution volume of blue dextran is equivalent to V. The total volume
of pre-packed Superose columns, V,, is provided by the supplier.

7. Calculate the partition coefficient (K,,) for each standard and for the
DNA-binding activity, using the following formula:

K, = (Ve - VO)/(Vt - VO) (3)

where V|, is the void volume of the column, V. is the total volume of the
column, and V. is the elution volume of each species. Plot a standard curve
relating K,, to a; this should be linear under the conditions described
above. From the slope of this curve and the observed K,, of the DNA-
binding activity, a Stokes’ radius can be calculated.

2.3 Estimation of Svedberg constant by velocity
sedimentation

A protein’s sedimentation coefficient can be measured directly by determin-
ing its velocity in a centrifugal field, but for an impure protein in limiting
supply this value is more easily estimated by comparing its mobility to the
mobilities of a set of proteins of known s value. In generating the standard
curve, sy values (i.e. sedimentation coefficients extrapolated to water at
20°C) are generally used. Such a curve, therefore, provides the s,  value for
the protein under study. Subsequent calculation of molecular weight is facili-
tated when the s value is in this form because the viscosity and density of
water at 20°C are defined.

Protocol 3. Glycerol gradient sedimentation

1. Form two identical, 15-30% linear glycerol gradients (vol. 4.9 ml) in 5 ml
centrifuge tubes for the Beckman SW50.1 rotor. The buffer should contain
NaCl at 100 mM or greater, to minimize non-specific protein interactions.

2. Layer 100 pl of the partially purified protein preparation on top of one
gradient. In determining the minimum amount of sample required, assume
that activity will be diluted about 10-fold after centrifugation.

3. On the other gradient, layer 100 pl of a solution containing 20 pg of each
of the following standard proteins: catalase (sy . = 11.3 X 107" sec),
aldolase 559 o = 8.3 X 107 sec), BSA (550w = 4.2 X 107 * sec), ovalbumin
(520w = 3.6 X 10" sec), and chymotrypsinogen (sy, = 2.5 X 1073 sec).

4. Centrifuge gradients in the Beckman SWS50.1 rotor at 45000 r.p.m. for
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Protocol 3. Continued

26 h at 4°C. Collect 100 .l fractions. If an automated gradient collector is
not available, a micropipette can be used to remove fractions from top to
bottom. Alternatively, puncture the bottom of the tube with a 19 gauge
needle and collect 5-10 drops per fraction.

5. Localize the DNA-binding activity by standard binding assays. To deter-
mine elution positions of the protein standards, fractionate a 15 ul aliquot
of each fraction by SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
and visualize protein by staining with Coomassie blue. Generate a stan-
dard curve by plotting the known sedimentation coefficients (s20.w) against
volume or fraction number. For the standard proteins and conditions
described here, a linear relationship between s, and volume should be
observed. From the slope of the standard curve and the observed sedimen-
tation position, the s, of the DNA-binding protein is determined.

2.4 Calculation of molecular weight from Stokes’ radius
and Svedberg constant -

By combining Equations 1 and 2, molecular weight is related to Stokes’
radius, sedimentation coefficient, and partial specific volume:

_ 6 mNas
YT @

(where N = 6.02 X 10?%). For s = 550w, n = 0.010019 g/sec-cm (the viscosity
of water at 20°C), and p = 0.998 g/ml (the density of water at 20°C). In most
instances, ¥ will be undefined, and an assumed value must be used. By using a
value of 0.725 cm?/g, the molecular weights of most proteins can be estimated
fairly accurately, but a large deviation from this value can lead to a result that
is grossly inaccurate; molecular weights determined by this method should,
therefore, be regarded as tentative.

From the molecular weight (M) and Stokes’ radius (a) obtained by means
described above, a frictional ratio for the DNA-binding protein, f/fy, can be
estimated from the equation:

a

fifo = GoMramny” ®

The frictional ratio relates the frictional coefficient of the molecule under
study to the frictional coefficient of a sphere of similar mass and partial
specific volume. The structural interpretation of this ratio is complicated
because the frictional coefficient is not only determined by the shape of a
protein but also by its degree of hydration. The frictional ratio is of practical
importance, however, because an aberrantly small ratio (i.e. a value <1)
should alert the investigator to inaccuracies in the determination of Stokes’
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radius, sedimentation coefficient, or both. For example, adsorption of the
DNA-binding protein to the gel filtration matrix will lead to an underestimate
of the Stokes’ radius and an aberrantly small frictional ratio (1).

To illustrate the overall procedure, consider the following example. A
Superose 12 HR10/30 column (V, = 20.3 ml) is determined to have a V, of
7.1ml. A DNA-binding protein elutes from this column at a volume of
13.2 ml. From Equation 3, K,, = (13.2 — 7.1)/(20.3 — 7.1) = 0.46. After
determining experimentally the V. for each of several standard proteins of
known Stokes’ radius, values of K, are calculated and plotted as a function of
Stokes’ radius. On this curve, let us suppose that a K, of 0.46 corresponds to
a Stokes’ radius of 31.5 X 10~% cm. For the same DNA-binding protein, s
is estimated to be 4 X 10" sec, by glycerol gradient centrifugation and
comparison to a standard curve, as described in Protocol 3. Assuming a
partial specific volume of 0.725 cm?/g, the native molecular weight (M) is
estimated using Equation 4: 8o g o X

M= 6w(0.01 g/sec-cm)(6.02 x 10 atoms/g-atom)(3t:5 x 10~¥cm) (4 x 107" sec)
1 — (0.725cm’/g)(1.0 g/cm?)

=52000 ¥ 4 = Do bt
The frictional ratio of the protein, f/fy, is then estimated by Equation 5 to
be:

31.5 X 1078 cm B
(3)(0.725 cm?/g)(5.2 x 10%) 1
41m(6.02 x 10**atoms/g-atom)

1.28

3. Sizing of the DNA-binding component by SDS-
polyacrylamide gel electrophoresis

3.1 Recovery of DNA-binding activity by protein
renaturation after SDS-polyacrylamide gel
electrophoresis

3.1.1 Theoretical and practical considerations

In many instances, the enzymatic activity (5) or specific ligand-binding
activity (6) of a denatured protein can be recovered, at least partially, by
renaturation in vitro. Such is the case for many DNA-binding proteins (2, 7,
8). If specific binding is renaturable and is accomplished by a single polypep-
tide species (either as a monomer or a homomeric multimer), the molecular
weight of the polypeptide responsible for binding can be estimated by SDS-
PAGE. This approach will obviously not provide the size of the native protein,
and is subject to the usual reservations regarding molecular weight values
obtained by SDS-PAGE (for example, that post-translational modifications
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