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phospho-T451 and anti-phospho-T446 antibodies. Very bright equivalent bands were
seen for unPKR, pPKRm, pPKRd, and T446D with all antibodies.

The experiments were repeated using freshly made PKR protein and the Cell
Signaling Technologies antibodies. The anti-PKR antibody showed equivalent bands for
all samples as expected. In the anti-phospho-T451 and anti-phospho-T446 treated blots
the pPPKRm and pPKRd bands were more intense than the bands seen for unPKR and
T446D. A trial yielding greater differentiation between bands was needed.

Another three westerns using the same “new” protein, and the Cell Signaling
Technologies antibodies gave the most reasonable results. Antibody concentration was
diluted five fold in attempt to make the responsive bands more responsive and the

background bands less responsive.

Anti-PKR Anti-Phospho-T446 Anti-Phospho-T451

Un m d 446D un m d 446D un m d 446D

Figure 2. Representative western blot. The left-handed blot is a control treated with an
antibody to PKR. The middle blot is treated with an antibody to phosphorylated T446,
and the right-handed blot is treated with an antibody to phosphorylated T451. The
central and right blots show that T446 and T451 are phosphorylated in pPKRm and
pPKRd.
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To further delineate the reactivity of each band antibody concentration was
reduced to a 1:20,000 dilution, adding 0.5uL antibody to 10uL primary antibody wash.
The result is shown in Figure 2. The left- handed blot treated with anti-PKR showed
equal bands for all samples. The central blot treated with anti-phospho-446 showed
background bands for unPKR and T446D. Substantial and equal bands were seen for
pPKRm and pPKRd. A large band was expected for pPKRd, but it came as a surprise
that the pPKRm band was equivalent. The right-handed blot treated with anti-phopsho-
T451 showed background bands for unPKR and T446D. More intense bands were seen
for pPKRm and pPKRd. The pPKRm band was more intense than the pPKRd band
which was unexpected. Given the overall ambiguity of the antibody reactivity
throughout the western blots, a single unrepeated trial should not be overanalyzed to
mean pPKRm is more heavily phosphorylated than pPKRd. However, this result should
cause one exhibit caution when making conclusions about the phosphorylation states of

PKR.
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Activity Assays
6/12/08: PKR Phosphorylation Activity
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Figure 3. PKR autophosphorylation assay. Autophosphorylation of PKR in unPKR,
pPKRm, pPKRd, and T446D was compared. Blue represents autophosphorylation in
unPKR, lavender represents autophosphorylation in pPKRm, purple represents

autophosphorylation in pPKRd, and turquoise represents autophosphorylation in T446D.

In the first activity assay (Figure 3) the relative activity of unPKR, pPKRm,
pPKRd, and T446D was compared. UnPKR, pPKRm, and pPKRd were tested with

neither dsRNA or elF2a, as shown in the "neither" lane, without eIF2aq, as seen in the

"dsRNA" lane, without dsRNA, as seen in the "elF2a" lane, or with the addition of elF2a

and dsRNA as seen in the "both" lane. The pPKRm and unphosphorylated PKR showed

similar autophosphorylation results for the addition of dsSRNA alone, addition of elF2a

alone, the addition of both and the addition of neither. The reactions containing dsSRNA

and both dsRNA and elF2a had the most autophosphorylation, while only very low levels

of autophosphorylation were seen in the reaction with no dsRNA. In pPKRd, the
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addition of dsRNA did not impact the level of autophosphorylation which occurred.
When elF2a was added the amount of autophosphorylation increased. T446D showed
autophosphorylation between the level of unPKR/pPKRm and pPKRd with RNA alone,

RNA and elF2a.
6/12/08: elF2alpha Activity
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Figure 4: elF2a phosphorylation. elF2a phosphorylation by unPKR (blue), pPKRm
(lavender), pPKRd (purple), and T446D (turquoise). PPKRd phosphorylated the most
elF2a, while the other states phosphorylated about equal amounts of elF2a.

During the same activity assay represented in Figure 3 the ability of the different
forms of PKR to phosphorylate elF2a was also examined (Figure 4). The
phosphorylation of elF2a by unPKR greatly increased in the presence of dSRNA.
PPKRm did show an ability to phosphorylate elF2a, which was slightly lower than the
ability of unPKR and about half the ability of pPKRd. The presence of dsSRNA did not

affect the ability of pPKRm to phosphorylate e[F2a. Overall, pPKRd phosphorylated the




23

greatest amount of elF2a, and the addition of dSRNA showed a decrease in elF2a

phosphorylation. T446D showed a slightly lower amount of eIF2a phosphorylation than

pPKRm.
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Figure 5. Time course of PKR autophosphorylation. Time points were taken to
determine the kinetics of PKR autophosphorylation. Autophosphorylation happens
quickly until 0.5 hours, then plateaus until 4 hours, and decreases after 4 hours.

A time course for PKR autophosphorylation using the conditions at which PKR is

phosphorylated was performed. The time trial confirmed that the results in Figures 3 and

4 were from reactions which were allowed to go to completion. PKR activation

increased rapidly from O minutes until 30 minutes. From 30 minutes until 4 hours

activation increased at a much slower rate, and between 4 hours and overnight activation



decreased. The overnight activation decrease came as a surprise and the cause is

unknown.
510*
410*
=
[7:]
o
2
£ 310
| =
)
)
ks
E 2 10*
=
[=1
7]
(o]
=
o

110*

Autophosphorylation with Varying [RNA]
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Figure 6: Autophosphorylation as a function of dsRNA concentration.
Autophosphorylation of unPKR and pPKRm was examined over a dsSRNA concentration
range from 0-100 ug/mL. Peak autophosphorylation occurred at 3 ug/mL.

The next activity assay tested the effect of dSRNA concentration on

autophosphorylation in unPKR and pPKRm (Figure 6). The experiments showed an
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increase in autophosphorylation with dSRNA concentration until a peak at 3 ug/mL. The

slightly greater activation of unPKR is insignificant because in a previous trial (not
shown) pPKRm had a slightly greater activation. The cause for the increase in

autophosphorylation at 100 ug/mL is unknown, and thought to be insignificant.

Increased autophosphorylation of pPKRm indicated the surprising result that pPKRm can
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be further phosphorylated. Also interesting was that the initial activity of pPKRm is not
zero, most likely because pPKRm is already phosphorylated, and can thus

autophosphorylate without the addition of dsRNA.
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Figure 7: Representative Phosphorimage. A representative phosphorimage testing the
activation of unPKR and pPKRm at different dSRNA concentrations. The bands near the
top of the gel are PKR which has incorporated radioactive phosphates through
autophosphorylation. The bands near the bottom of the gel are elF2a which has
incorporated radioactive phosphates.
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9.22.08 Autophosphorylation of unPKR and pPKRm Over Several [RNA]
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Figure 8: Autophosphorylation of unPKR and pPKRm as a function of dsRNA
concentration. This graph is based on the top row of bands from Figure 7. PKR
autophosphorylation is not dependent on dsRNA concentration.
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9.22.08 elF2alpha Phosphorylation by unPKR and pPKRm
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Figure 9: elF2a Phosphorylation by unPKR and pPKRm as a function of dSRNA
concentration. This data is from the bottom row of bands in Figure 7.
Autophosphorylation of both unPKR and pPKRm are not dsSRNA dependent.

Next, an analogous experiment was performed, except el[F2a was added. Figure 7
is the image of the gel. The top bands represent PKR which has autophosphorylated,
incorporating radioactive phosphates. The bottom bands represent eIF2a with newly
incorporated radioactive phosphates which unPKR and pPKRm have phosphorylated.
Figure 8 is an autophosphorylation graph that shows the concentration dependent bell
curve, in which autophosphorylation of unPKR and pPKRm peaks then decreases at
higher [RNA], confirming the results of Figure 6. In the elF2a phosphorylation graph,
(Figure 9) unPKR requires dsSRNA to phosphorylate elF2a. However, after dSSRNA has

been added the elF2a phosphorylation is not strictly dependent on dSRNA concentration.

The level of phosphorylation induced by pPKRm is completely independent of dsSRNA



28

concentration. These results represent the first considerable activity difference in unPKR

and pPKRm.
Activity of pPKRm and pPKRd
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Figure 10. Comparative activity of pPKRm and pPKRd. In the top panel the
autophosphorylation of unPKR (circles), pPKRm (squares), and pPKRd (diamonds) is
shown. PPKRm and pPKRd show similar levels of autophosphorylation in the presence
of RNA. In the bottom panel the same key is used. PPKRm and pPKRd show the same
ability to phosphorylate eIF2a independent of RNA concentration.
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The next assay was performed to confirm the activation of pPKRd without

dsRNA, and to compare the activation of unPKR, pPKRm, and pPKRd (Figure 10). In

the autophosphorylation graph pPKRm again showed activity by increasing

autophosphorylation with increased dsSRNA concentration. The active starting point of

pPKRm at [RNA]=0 was also repeated. Phosphorylation of eIF2a by pPKRm at

[RNA]=0 shows pPKRm activity, similar to the activity of pPKRd at [dsSRNA]=0. The

elF2a phosphorylation graph is jumpy for pPKRd, but all data points are within the same

range, indicating that the amount of RNA is irrelevant for pPKRd phosphorylation of

elF2a.
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Figure 11: Kinetics of elF2a phosphorylation. A time course compared the ability of
unPKR, pPKRm, and pPKRd to phosphorylate el[F2a. PPKRd phosphorylated elF2a the
fastest. UnPKR and pPKRm phosphorylated elF2a to the same terminal level of

phosphorylation.
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Next, the kinetics of e[F2a phosphorylation by unPKR, pPKRm and pPKRd were
examined. The initial experiment (not shown) indicated that the reaction occurred too
fast for the rate to be determined. Therefore the [ATP] was dropped from 400 uM to 40
uM in the next trial (Figure 11). The fitting of the data and values in the table were

obtained as explained in M.9 Radioactive Activity Assays. In the chart examining elF2a

phosphorylation by unPKR, pPKRm and pPKRd pPKRd phosphorylates e[F2a much
faster that pPKRm, possibly before detection occurred. The monomer and dimer
eventually incorporate almost the same amount of phosphates. A final trial (not shown)
confirmed that pPKRd activates faster than pPKRm and that the total phosphate

incorporation on elF2a reaches similar levels in pPKRm, pPKRd, and unPKR.

T446D
T446 is known to be a conserved residue with involvement in the activation of

protein kinases [6]. After PKR binds dsRNA, it autophosphorylates T446 which is
located in the kinase domain. This autophosphorylation enables dimerization and the
ability of PKR to phosphorylate elF2a [16]. The mutant T446D was created to see if
substitution to a negatively charged residue, aspartic acid, would mimic phosphorylation
and enable PKR to behave as a dimer. The negative charge on the phosphate of T446,
when T446 is phosphorylated creates a salt bridge facilitating dimerization [17]

To examine the integrity of the proposed hypothesis T446D was used for a variety
of experiments. The self-binding property of T446D was assessed by AUC studies.
T446D was found to have a lower K4 than unPKR and pPKRm (Anderson and Cole,

unpublished data). T446D was also used as a control for western blots with anti-PKR,
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anti-phospho-T446, and anti-phospho-T451 antibodies. As a control, bands were
expected to be seen in the anti-PKR treated blot for T446D, and no bands were expected
to be seen for T446D in the anti-phospho-T446 and anti-phospho-T451 treated blots.
After the AUC and western blot experiments it was concluded that the proposed
substitution of a phosphate by an aspartic acid was unsuccessful. Closer behavior of
T446D to pPKRm than even unPKR was unexpected. However, point mutations have
been known to change protein characteristics in unsuspected ways. For example, the

T446D mutant was extremely difficult to concentrate due to high aggregation.
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Discussion

Distinct dimerization and structural differences between pPKRm and pPKRd have
been identified (Anderson and Cole, unpublished data). The experiments outlined in the
thesis provide insight into the activation differences between the two phosphorylated
states. Western blots and a point mutant were used to examine the phosphorylation of
essential residues. Activity assays attacked the activation problem by a comparative
analysis of autophosphorylation and eIF2a phosphorylation by pPKRm and pPKRd.

The anti-phospho-T446 and anti-phospho-T451 blots showed about equal reaction
for both pPKRm and pPKRd. Therefore, the western blots could not be used to confirm
the hypothesis that phosphorylation of T446 or T451 did not occur on pPKRm. The
seemingly equal reactivity is most likely due to a lack of specificity of the antibodies.
Therefore, western blots could not be used to determine the phosphorylation states of
T446 and T451 in pPKRm and pPKRd .

The most information was extracted from the phosphorylation measurements.
Over several trials it was shown that autophosphorylation is dsSRNA dependent in unPKR
and pPKRm, with an optimum dsRNA concentration around 3-10ug/mL. However, at
[dsRNA] =0, unPKR has no autophosphorylation and pPKRm exhibits a small amount.
Autophosphorylation in pPKRd also showed no dsRNA dependence. The dsRNA
independent autophosphorylation is most likely because pPKRd is dimerized and
phosphorylated, so it is already active and therefore able to autophosphorylate. The
dsRNA independent autophosphorylation in pPKRm indicates that pPKRm is an active

enzyme.
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Examination of the phosphorylation of elF2a by the three populations confirmed
the activity of pPPKRm. PPKRm and pPKRd showed similar amounts of elF2a
phosphorylation, independent of dsSRNA concentration. It can be deduced that only a
small amount of autophosphorylation needs to occur in order for PKR to phosphorylate
elF2a because despite an increased amount of autophosphorylation in pPKRd the same
level of eIF2a phosphorylation was observed by both pPKRm and pPKRd. Since the
purpose of PKR autophosphorylation is eIF2a phosphorylation, it is possible that both
pPKRm and pPKRd contribute to PKR activity in the cell.

Kinetic studies revealed pPKRd phosphorylates elF2a much faster than pPKRm.
This may give reasoning for the utilization of the phosphodimer over the
phosphomonomer. However, both pPKRm and pPKRd will eventually phosphorylate
about the same amount of eIF2a, further enhancing the possibility of pPKRm
contribution to overall PKR activity in the cell.

By column elution and analytical ultracentrifugation T446D identified more
closely with pPKRm than pPKRd. Sedimentation velocity analytical ultracentrifugation
of T446D showed less dimerization in T446D than in unPKR, pPKRm and pPKRd. This
is most likely due to the inability of aspartic acid to act as a phosphate, not confirmation
that phosphorylation of T446 has no effect on dimerization.

The data showed that pPPKRm is an active state with activation potential similar to
pPKRd in its ability to autophosphorylate with appropriate dsSRNA and the ability to
phosphorylate eIF2a. The differences in the rate of pPKRm and pPKRd phosphorylation
of elF2a point to a difference in the activation mechanism of pPPKRm and pPKRd. My

preliminary idea for the difference in pPPKRm and pPKRd formation is that two
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unphosphorylated PKR molecules bind to dSRNA which orients them for
autophosphorylation and dimerization. After the phosphorylated dimer is released there
is a one time irreversible disassociation in one portion of the population resulting in the
phosphorylated monomer. The unpublished Anderson data suggests that pPKRm is less
phosphorylated than pPKRd. The most obvious biological significance in having two
distinct populations is the increased speed at which pPKRd can phosphorylate elF2a.
The increased phosphorylation of pPKRd results in an increased negative charge on the
PKR. An increased negative charge could provide a stronger attraction between the
Ser51 on elF2a and PKR leading to a faster reaction for eIF2a phosphorylation.

In conclusion, pPKRm is a competent, active form of PKR. The biological
significance of the existence of two forms lies in the difference in activation rates.
Although the data could not support a conclusive model for the formation of two distinct
phosphorylated populations or provide decisive data for the biological significance of the
existence of two populations, supportive evidence has been found and used to create

preliminary models.
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