
Mechanism of PKR Activation by dsRNA

Peter A. Lemaire†,‡, Eric Anderson, Jeffrey Lary§, and James L. Cole†,§*

†Department of Molecular and Cell Biology, University of Connecticut, Storrs, Connecticut 06269

§National Analytical Ultracentrifugation Facility, University of Connecticut, Storrs, Connecticut 06269

Summary
PKR (protein kinase R) is a central component of the interferon antiviral defense pathway. Upon
binding dsRNA, PKR undergoes autophosphorylation reactions that activate the kinase. PKR then
phosphorylates eIF2α, thus inhibiting protein synthesis in virally-infected cells. Here, we define the
mechanism of PKR activation using a series dsRNAs of increasing length. A minimal dsRNA of 30
bp is required to bind two PKR monomers and 30 bp is the smallest dsRNA that elicits
autophosphorylation activity. Thus, the ability of dsRNAs to function as PKR activators is correlated
with binding of two or more PKR monomers. Sedimentation velocity data fit a model where PKR
monomers sequentially attach to a single dsRNA. These results support an activation mechanism
where the role of the dsRNA is to bring two or more PKR monomers in close proximity to enhance
dimerization via the kinase domain. This model explains the inhibition observed at high dsRNA
concentrations and the strong dependence of maximum activation on dsRNA binding affinity.
Binding affinities increase dramatically upon reducing the salt concentration from 200 to 75 mM
NaCl and we observe that a second PKR can bind to the 20 bp dsRNA. Nonspecific assembly of
PKR on dsRNA occurs stochastically without apparent cooperativity.
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Introduction
Protein kinase R (PKR) is an interferon-induced kinase that plays a key role in the innate
immunity response to viral infection.1;2 The enzyme is synthesized in a latent state but it is
activated by binding dsRNA to undergo autophosphorylation at multiple serine, threonine and
tyrosine residues.3 The most well characterized cellular substrate of PKR is the alpha subunit
of eukaryotic initiation factor eIF2. Phosphorylation of eIF2á inhibits protein synthesis in
virally-infected cells. Thus, production of dsRNA during viral infection4 results in PKR
activation and subsequent inhibition of viral and host protein synthesis. The importance of
PKR in antiviral defense is underscored by the large number of viruses that encode PKR
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inhibitors.5 PKR also functions in the control of cell growth and proliferation and as a tumor
suppressor protein 6;7

PKR is a member of the family of stress-response kinases that includes PKZ, GCN2, HRI and
PEK that inhibit translation by phosphorylation of eIF2á.8 These enzymes all contain a
conserved catalytic domain linked to different regulatory domains. In PKR, the regulatory
module consists of an N-terminal double-stranded RNA binding domain (dsRBD). The dsRBD
consists of two tandem dsRNA binding motifs. Each of the motifs adopts the αβββα fold
typically found in dsRNA binding modules with a short unstructured linker lying between the
two folded units.9;10 The dsRBD recognizes dsRNA over dsDNA or RNA-DNA
heteroduplexes but binds without sequence specificity.11 Like other protein kinases, the PKR
catalytic domain is comprised of N-terminal and C-terminal lobes. A complex of the PKR
kinase domain with eIF2α crystallized as a dimer with the interface formed by the kinase N-
terminal lobes.12 Helix αC in the N-lobe of the kinase domain forms part of the dimer
interface12 and conformational changes in this helix often regulate protein kinase activity13,
suggesting that dimerization may allosterically modulate kinase activity. The ~ 80 residue
linker region lying between the dsRBD and kinase is flexible or dynamic.14

PKR activation by dsRNA has been extensively studied and several molecular mechanisms
have been proposed.15 In the autoinhibition model, the latent enzyme exists in a closed
conformation mediated by interaction of the dsRBD with the kinase domain that blocks
substrate access. Binding of dsRNA activates PKR by inducing a conformational change that
relieves the latent enzyme of inhibition. In support of this mechanism, an interaction of the
second dsRNA binding motif with the kinase domain has been reported based on NMR
chemical shift perturbation experiments.10;16 However, several lines of evidence challenge
the autoinhibition model. The strength of this interaction is too weak to form a stable complex.
17 Equilibrium and kinetic analysis of nucleotide binding to PKR indicate that substrate
accessibility of the kinase is not modulated by activation state.18 Sedimentation velocity19,
AFM18 and NMR14 measurements all support an extended structure for PKR rather than a
closed structure predicted by the autoinhibition model. Other models emphasize the role of
dimerization in PKR activation.1;14;15;20 PKR is capable of dimerizing in the absence and
the presence of dsRNA.19;21–23 Dimerization is sufficient to activate PKR in the absence of
dsRNA.19 Fusion of a heterologous dimerization domain with the PKR kinase domain
enhances autophosphorylation.24;25 A defining feature of PKR is the “bell-shaped” curve for
activation where low concentrations of dsRNA activate but higher concentrations are
inhibitory.26;27 These results can be rationalized in a model where low concentrations of
dsRNA favor assembly of multiple proteins – possibly assembling as dimers – on a single
dsRNA whereas higher dsRNA concentrations dilute PKR monomers onto separate molecules
of dsRNA.28 Hybrid autoinhibition/dimerization models have also been proposed where
dsRNA binding induces a conformation change in PKR that leads to protein dimerization and
activation.14;29

The ability of dsRNA sequences to bind and activate PKR is dependent on length. The dsRBD
of PKR can bind to sequences as short as 15–16 bp.11;30 As expected for a nonspecific
interaction, the binding stoichiometries increase with dsRNA length.11;30;31 For sequences
shorter than 30 bp, the binding stoichiometries and affinities conform to an overlapping ligand
binding model where the domain binds to multiple faces of the dsRNA duplex and overlaps
along the helical axis.30;32 It was originally reported that PKR activation requires a minimum
dsRNA length of ~30 bp and reaches a maximum by 85 bp.27;33 However, recent studies have
demonstrated PKR activation by 19–21 bp siRNAs containing 2 nt 3’ overhangs34;35 or even
a blunt-ended 19 nt dsRNA.34
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In the present study, we have addressed the molecular mechanism for PKR activation by
dsRNA by systematically correlating binding stoichiometries and affinities with activation
under controlled conditions. Nonspecific protein-nucleic acid interactions are labile and are
readily perturbed by the separation of free and bound forms in conventional gel-shift and filter
binding assays 32 Therefore, we have employed solution biophysical methods to define PKR
binding to a series of dsRNAs of increasing length under conditions that can be directly related
to the enzymatic activity assays. The results support a model where sequential binding of two
or more PKR monomers on a single dsRNA leads to dimerization and activation.

Results
Correlation of dsRNA binding stoichiometry and activation

We have measured the PKR binding stoichiometries and enzymatic activation using a
truncation series ranging from 20 bp to 40 bp in 5 bp increments. Our previous analysis of
dsRBD binding to this panel of dsRNA sequences was performed in 75 mM NaCl.30;32
However, the current measurements were made at 200 mM NaCl because PKR aggregates
upon binding dsRNAs of 30 bp or longer at lower salt concentrations (Lemaire and Cole, data
not shown). Binding stoichiometries were measured using two independent approaches. Figure
1A shows a sedimentation equilibrium titration of PKR binding to a 20 bp dsRNA. The increase
in the buoyant molecular weight at saturating concentrations of PKR corresponds to binding
of one PKR / 20 bp dsRNA. As expected for nonspecific binding, the stoichiometry increases
with RNA length and three PKR monomers bind to the 40 bp dsRNA (Figure 1B). The
sedimentation equilibrium results were confirmed using fluorescence anisotropy titrations
peformed under stoichiometric binding conditions where [dsRNA] >> Kd. Figure 1C shows
that the equivalence point for binding of PKR to the fluorescein-labeled 40 bp dsRNA
corresponds to a stoichiometry of 2.69 PKR / dsRNA, in fairly good agreement with the
sedimentation data. Figure 1D summarizes the results of sedimentation and fluorescence
stoichiometry assays for five dsRNAs ranging from 20–40 bp. Significantly, At least 30 bp are
required for binding two PKRs.

The dsRNA binding stoichiometries were correlated with enzymatic activation using
autophosphorylation assays. Measurements were performed at a PKR concentration of 200
nM, which is below the concentrations where dsRNA-independent activation is observed.19 
Figure 2 plots the rate of PKR autophosphorylation as a function of dsRNA concentration for
sequences ranging from 20 to 40 bp. The 20–25 bp sequences failed to activate above
background up to a concentration of 10 µM. The 30 bp sequence induced autophosphorylation,
indicating that the ability of a dsRNA to activate is correlated with binding of two PKR
monomers. Note that the earlier studies showing activating of PKR by 19–21 bp dsRNAs34;
35 were performed at lower salt concentrations and PKR binding is strongly dependent on ionic
strength (see below). As previously reported26;27, higher dsRNA concentrations inhibit,
consistent with dilution of PKR dimers onto separately dsRNA molecules and the maximal
activation level increases with dsRNA length. The maximum rates occur near 100–300 nM,
which are close to the stoichiometric value of 2 PKR: RNA.

Analysis of PKR binding to activating and nonactivating dsRNAs
The 20 bp and 30 bp sequences were selected for detailed analysis of PKR binding by
sedimentation velocity compare how PKR interacts with nonactivating and activating dsRNAs.
Samples were prepared at multiple PKR:RNA ratios and measurements were performed using
absorbance detection at 260 nm to detect free dsRNA and protein-RNA complexes. Initially,
the data were analyzed using the time derivative method36 to define the binding mechanism.
Figure 3A shows the normalized g(s*) distributions obtained for binding of PKR to the 20 bp
dsRNA. In the absence of PKR, a single feature is observed near s = 2.5 S. The distribution
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fits well to a single species model with a molecular weight of 12.4 kDa, which agrees with the
predicted value of 12.75 kDa for the 20 bp duplex. The corrected sedimentation coefficient of
s20,w = 2.61 S corresponds to a frictional ratio of f/f0 = 1.38. The sedimentation coefficient is
close to the value of s20,w of 2.37 S predicted from an earlier study of the hydrodynamic
properties of short DNA and RNA duplexes,37 indicating that the 20 bp dsRNA adopts a typical
duplex conformation in solution.

Upon addition of PKR, the 2.5 S peak decreases in amplitude and a new feature develops at
higher S, consistent with formation of an dsRNA-protein complex. The peak maximum of the
new feature shifts continuously with increasing concentration of PKR, consistent with rapid
exchange on the timescale of the sedimentation velocity experiment. Model – dependent
analysis was performed by subtracting the sedimentation velocity traces in pairs for each
sample to remove systematic noise and fitting the resulting difference curves to association
models using the program SEDANAL.38 Figure 3B shows a fit of the same data depicted in
Figure 3A to a simple 1:1 binding model,

(1)

where R refers to RNA and P refers to PKR. Based on the shift in peak position for the dsRNA-
protein complex with concentration, a rapid equilibrium was assumed. The data fit well to this
model with randomly-distributed residuals. The best fit Kd of 859 nM (Table 1) is relatively
weak. The fit was not improved using an explicit kinetic model where the association and
dissociation rates were treated at adjustable parameters (data not shown). The fitted
sedimentation coefficient for the dsRNA-protein complex of 5.14 S corresponds to a frictional
ratio of f/f0 =1.34.

Consistent with binding of a second PKR, the g(s*) distributions for the activating 30 bp dsRNA
shift more dramatically to higher s upon addition of PKR than was observed for the 20 bp
sequence (figure 4A). The velocity data fit well to model 2 where two PKRs sequentially bound
to the 30 bp dsRNA, with a low RMS deviation of 0.0079 (Table 1).

(2)

The data do not fit to model 1 involving a single PKR binding event (data not shown),
confirming the stoichiometry data. The dissociation constant for binding the first PKR to the
30 bp dsRNA is about 10-fold lower than for the 20 bp dsRNA, indicating that PKR binds
more strongly to the longer, activating dsRNA. This decrease in Kd for the longer sequence is
consistent with the expected statistical effects for nonspecific protein – nucleic acid
interactions.39 The macroscopic, stepwise binding constants measured here are products of an
intrinsic binding constant and a statistical factor describing the number of microscopic
configurations. The greater number of configurations for longer sequences leads to stronger
binding affinities. Similarly, the increase in Kd for the second PKR binding relative to the first
is associated with the reduced degrees of freedom on the lattice and does not imply negative
cooperativity. The sedimentation coefficients for the RP and RP2 complexes correspond to
asymmetric species with f/f0 = 1.57 and 1.50, respectively.

We have considered an alternative model14;29 where PKR forms a 1:1 complex with an
activating RNA that subsequently dimerizes, leading to formation of an 2:2 complex:

(3)
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In this model, binding of RNA to the dsRNA binding domain of PKR enhances protein
dimerization via the interface localized on the kinase domain N-lobe. The sedimentation data
do not fit well to this model with a large increase of the RMS deviations relative to model 2
(Table 1) and systematic deviations in the residuals (data not shown). Also, the best fit value
for the sedimentation coefficient of the RP complex is greater than that of the R2P2 complex,
which is not physically reasonable. Model 3 was also tested using a PKR mutant, R262D which
disrupts an essential salt bridge in the dimer interface and eliminates self-association.40 In
contrast to wild type PKR, the sedimentation coefficient of R262D PKR does not increase with
protein concentration over a range of 0.1 to 1.8 mg/ml, confirming that dimerization has been
eliminated or greatly reduced (data not shown). The parameters governing binding to the 30
bp dsRNA are not significantly perturbed by this mutation (Table 1), indicating that protein-
protein interactions do not affect binding to this activating dsRNA. These results are
inconsistent with model 3.

We have examined the effects of salt concentration on PKR – dsRNA interactions in order to
facilitate comparison of the present results with our earlier studies of the dsRBD of PKR
performed in 75 mM NaCl30 and to relate the biophysical studies to earlier studies in the
literature where activation assays were performed at lower salt. Figure 4B shows a g(s*)
analysis of sedimentation velocity titration of the 20 bp dsRNA with PKR. Interestingly, the
distributions closely correspond to those observed at 200 mM NaCl (figure 3A). Upon addition
of two equivalents, the peak shifts to ~ 6 S, which is higher than the fitted sedimentation
coefficient of the dsRNA-PKR complex formed at 200 mM NaCl. In fact, the g(s*) more closely
resemble the distributions observed for PKR binding to the 30 bp dsRNA at 200 mM NaCl
(figure 4A). These results suggest that the decrease in salt concentration is inducing a second
PKR to bind to the 20 bp dsRNA. Sedimentation equilibrium measurements confirm that two
PKRs bind to this dsRNA at 75 mM NaCl (data not shown). The velocity data fit well to the
sequential binding model (equation 2). The value of Kd1 of 15 nM is about 60-fold lower at
75 mM than at 200 mM NaCl, indicating a very strong salt dependence. As was observed for
the 30 bp dsRNA, the second PKR binds more weakly with Kd2 ~ 230 nM. Assuming a similar
salt dependence for the second PKR binding to the 20 bp dsRNA implies Kd2 would approach
15 µM in 200 mM NaCl. Such weak binding would not be readily detectable. The sedimentation
coefficients of the RP and RP2 species correspond to asymmetric species with values of f/f0
of 1.58 and 1.51, which are very close to the corresponding complexes formed with the 30 bp
dsRNA at 200 mM NaCl. As observed in the case of the 30 bp dsRNA, the R262D mutation
also does not affect PKR binding to the 20 bp dsRNA in 75 mM NaCl.

Model for dsRNA activation of PKR
Our data support a sequential binding model for PKR activation by dsRNA where the
autophosphorylation rates are proportional to the concentration of dsRNA species containing
multiple PKR monomers. We have simulated of dsRNA activity titrations based on model 2
with the constraint that Kd2 = 10 × Kd1, as observed experimentally. Figure 5A shows the
fraction of PKR in RNA-protein complexes containing two bound PKRs as function of RNA
concentration over a range of binding affinities. Owing to the complexity of the
autophosphorylation kinetics, it is difficult to quantitatively correlate these simulations with
experimental activity data and we have not considered binding of more than two PKR ligands,
as occurs for the longer RNAs. However, the simulations do reproduce the qualitative features
of the activation profiles. As observed in figure 2, the simulated curves exhibit a maximum at
intermediate dsRNA concentrations corresponding to the stoichiometric equivalence point
where [dsRNA] = [PKR]/2. Significantly, the peak amplitudes decreases with reduced binding
affinity. Figure 5B shows that inactive dsRNA-PKR complexes effectively competes with the
active dsRNA-PKR2 species at RNA concentrations above stoichiometric.
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Discussion
Our studies of PKR interactions with a series of dsRNAs of increasing length demonstrate that
the ability of sequences of 30 bp or longer to function as PKR activators is correlated with
binding of two or more PKR monomers. Sedimentation velocity binding data fit a model where
PKR monomers sequentially attach to a single dsRNA. Taken together, these results support
an activation mechanism where the role of the dsRNA is to bring two or more PKR monomers
in close proximity to enhance dimerization via the kinase domain. PKR dimerization is
sufficient to induce PKR to undergo autophosphorylation, resulting in an active enzyme
capable of phosphorylating eIF2α.19 Simulations based on this model reproduce the bell
shaped activation curve (figure 2 and references 27;33). The model also predicts a strong
dependence of maximal activation level on dsRNA binding affinity. This effect explains why
larger dsRNAs elicit stronger PKR activations since the binding affinity increases with
sequence length. Binding affinity effects also account for the lack of activation observed for
the short 20 bp dsRNA in the present study. Although this sequence is capable of binding two
PKRs and thus would be expected to function as an activator, the affinity is too low in 200 mM
NaCl. Consistent with the strong enhancement of binding affinity at low salt, activation by
siRNAs and dsRNAs as short as 19–21 bp34;35 has been reported when assayed at lower salt
concentrations. The frictional ratios of the dsRNA-PKR and dsRNA-PKR2 complexes formed
with the 30 bp dsRNA in 200 mM NaCl are very close to the corresponding complexes with
the 20 bp sequence in 75 mM NaCl, indicating that they have similar overall shapes.

As illustrated by the crystal structure of the second dsRNA binding motif of the Xlrbpa protein
complexed with dsRNA,41 the motif interacts with successive minor, major and minor
grooves, spanning ~16 bp. Thus, to account for binding of two PKRs to the 20 bp dsRNA it is
necessary to consider an overlapping ligand binding model where binding occurs on multiple
faces of the dsRNA duplex, where the dsRBMs overlap along the helical axis.32 Previously,
we demonstrated that this model accounts for the stoichiometries and affinities for dsRBD
binding to sequences ranging from 15–30 bp with a site size of 12 bp and a minimum overlap
of 4 bp.30;32 NMR mapping experiments indicated that dsRBM1 plays the dominant role in
dsRBD binding to short dsRNAs.30 Three dsRBD bind to the 20 bp dsRNA in 75 mM NaCl
with Kds of 11, 210, and 780 nM.32 Thus, the affinities of PKR and dsRBD are similar,
suggesting a similar binding interface, but the presence of the kinase domain and linker region
results in steric hindrance which prevents a third PKR from binding and increases the minimal
overlap.

It is noteworthy that PKR assembly on dsRNA occurs without apparent cooperativity.
Although aggregation of PKR upon binding larger dsRNAs in low salt buffer preclude a
detailed analysis of the dependence of stoichiometry and affinity on sequence length, the fact
that Kd2 ~ 10 × Kd1 implies that statistical factors far outweigh cooperativity and suggests that
binding is essentially noncooperative. In addition, the similar dsRNA affinities for wild type
and R262D PKR indicate that protein dimerization does not contribute measurably to the free
energy for binding of the second PKR. Thus, the nonspecific binding to dsRNA is governed
by statistical factors and dimerization that occurs upon binding to dsRNA must be driven by
the same weak interactions that govern dimerization in the absence of dsRNA.

The analysis of PKR activation by simple dsRNA sequences provides insight into the regulation
of PKR by viral RNAs. HIV TAR RNA is reported to function as a PKR activator.42 Although
TAR has a complex secondary structure comprised of a stem-loop with three bulges
interrupting the double-stranded region, the PKR activation properties of TAR resemble simple
activating dsRNAs. PKR activation by TAR follows a bellshaped curve where inhibition is
observed at high RNA concentration42 and TAR is capable of binding two PKRs.11;21;43
Thus, it seems likely that TAR activation is also mediated by sequential binding and
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dimerization of PKR. An alternative model has been proposed for PKR activation by the HIV
TAR RNA in which PKR binding to this sequence enhances protein dimerization, leading to
formation of a 2:2 TAR:PKR complex.14 However, this model is not compatible with our
sedimentation velocity analysis of PKR binding to simple dsRNAs and also does account for
the inhibition that occurs at high RNA concentrations.

Materials and Methods
All reagents used were reagent grade purchased from Fisher Scientific except as noted.
Unphosphorylated PKR was expressed and purified as previously described.19 The R262D
PKR mutant was created using Quik-Change (Stratagene, Inc.) and was verified by DNA
sequencing. Synthetic oligoribonucleotides were obtained from Dharmacon, Inc. and prepared
as previously described 30 The dsRNA duplexes ranged from 20 to 40 bp in 5 bp increments
with the sequences shown below.

For fluorescence anisotropy experiments, dsRNAs were prepared with one strand containing
a 5’-fluorescein label. Unless otherwise indicated, experiments were conducted at 20°C in a
buffer containing 20 mM HEPES, 200 mM NaCl, 0.1 mM EDTA, 0.1 mM TCEP, pH 7.5
(AU200).

Sedimentation equilibrium analysis of dsRNA binding stoichiometries was performed using
absorption optics with a Beckman-Coulter XL-I analytical ultracentrifuge as previously
described.30 Fluorescence anisotropy data were collected using a Jobin Yvon FluoroMax-3
fluorimeter at 20°C using a 1 ×0.2 cm microcuvette. Titrations were recorded with sequential
addition of PKR, allowing about 4 minute equilibration between additions.

Quantitative autophosphorylation assays were carried out by pre-incubating 0.2 µM PKR with
variable dsRNA concentrations (0.01–10 µM) in AU200 buffer containing 5 mM MgCl2 at
32°C for 10 min. Phosphorylation was initiated with 0.4 mM ATP containing 4 μCi [γ-32P]
ATP and allowed to proceed for 20 min except when otherwise stated. The reaction was
quenched with sample loading buffer (Invitrogen) and analyzed by SDS-PAGE electrophoresis
and phosphor imaging.

Sedimentation velocity analysis of protein-RNA binding affinities was carried out at 20°C and
50,000 RPM. Samples were loaded into two channel aluminum-epon double-sector cells
equipped with quartz windows. Extinction coefficients, molecular masses (M), protein partial
specific volume (v̄) and solvent densities (ρ) were calculated using SEDNTERP.44 Initial
analysis was performed using DCDT+45 to obtain g(s*) distributions. Distributions were
normalized by area (absorbance) for presentation. Multiple datasets were globally fit to
alternative hetero-association models using SEDANAL.38 Joint confidence intervals were
obtained using the F-statistic to define a statistically-significant increase in the variance46 upon
adjusting each parameter from its best-fit value.
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Figure 1.
Stoichiometry of PKR binding to dsRNA. A) Sedimentation equilibrium titration of 20 bp
dsRNA. Conditions: RNA concentration, 0.5 µM; rotor speed, 20,000 RPM; temperature, 20°
C; wavelength, 260 nm. The dashed line indicates the predicted buoyant molecular weight of
a 1:1 PKR-dsRNA complex. B) Sedimentation equilibrium titration of 40 bp dsRNA.
Conditions: RNA concentration, 0.3 µM; rotor speed, 12,000 RPM; temperature, 20°C;
wavelength, 260 nm. The dashed lines indicated the predicted buoyant molecular weights of
1:1, 2:1 and 3:1 PKR-dsRNA complexes. C) Fluorescence anisotropy titration of fluorescein-
labeled 40 bp RNA. Conditions: RNA concentration, 5 µM; temperature, 20°C. Each data point
represents the average of 3–4 measurements. A binding stoichiometry of 2.69 (solid line) was
determined by linear extrapolations (dotted lines) of the rising and plateau regions of the
titration. D) Summary of stoichiometries obtained by multiple techniques. Sedimentation
equilibrium (□), fluorescence anisotropy (Δ) and sedimentation velocity (◊).
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Figure 2.
Activation of PKR by dsRNA. (□), 25 bp RNA (○), 30 bp RNA (◊), 35 bp RNA (△) and 40
bp RNA (▽). PKR (0.2 µM) was preincubated with dsRNA for 10 minutes at 32°C in AU 200
buffer supplemented with 5 mM MgCl2. Autophosphorylation was initiated with 0.4 mM ATP
containing 4 µCi [γ-32P] ATP. The reactions were quenched with addition of sample loading
buffer after 20 min. The samples were analyzed by SDS PAGE and phosphorimaging.
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Figure 3.
Sedimentation velocity analysis of PKR binding to a 20 bp dsRNA. A) Normalized g(s*)
distributions of 1 µM dsRNA (black), dsRNA + 0.5 eq. PKR (blue), dsRNA + 1 eq. PKR (red),
dsRNA + 2 eq. PKR (green). The distributions are normalized by area. B) Global analysis of
sedimentation velocity difference curves. The data were subtracted in pairs and four data sets
at the indicated ratios of PKR: dsRNA were fit to 1:1 binding stoichiometry model. The top
panels show the data (points) and fit (solid lines) and the bottom panels show the residuals
(points). The best fit parameters are shown in Table 1. For clarity, only every 4th difference
curve is shown. Conditions: rotor speed, 50,000 RPM; temperature, 20°C; wavelength, 260
nm; scan interval, 6 minutes.
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Figure 4.
g(s*) analysis of PKR binding to dsRNA. A) PKR binding to a 30 bp dsRNA in 200 mM NaCl.
Normalized g(s*) distributions of 0.75 µM dsRNA (black), dsRNA + 1 eq. PKR (blue), dsRNA
+ 2 eq. PKR (red), dsRNA + 3 eq. PKR (green), dsRNA + 6 eq. PKR (tan). B) PKR binding
to a 20 bp dsRNA in 75 mM NaCl. Normalized g(s*) distributions of 1 µM dsRNA (black),
dsRNA + 0.5 eq. PKR (orange), dsRNA + 1 eq. PKR (blue), dsRNA + 2 eq. PKR (red), dsRNA
+ 4 eq. PKR (grey). Conditions: rotor speed, 40,000 RPM; temperature, 20°C; wavelength,
260 nm; scan interval, 5 minutes.
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Figure 5.
Simulation of PKR activation by dsRNA. A) Fraction of PKR present in the RNA-PKR2
species. B) Fraction of PKR present in the RNA-PKR species. C) Fraction of free PKR.
Activation titrations were simulated using a model where two PKR monomers sequentially
bind a dsRNA. The binding equilibria were numerically simulated using IGOR Pro
(Wavemetrics Inc.) for [PKR] = 200 nM. A ratio of Kd2/Kd1 = 10 was assumed with the
following values of Kd1: 1 nM (purple), 3.3 nM (tan), 10 nM (black), 33 nM (green), 100 nM
(blue), 330 nM (red), 1 µM (acqua).
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