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slightly higher levels of bound DNA, yet exhibit lower KF-DNA binding levels than the
correctly aligned primer-template. Examining the dissociation phase reveals that the
mismatched oligonucleotides induce a faster rate of dissociation of the polymerase than
the correctly pair DNA substrates. Table 3 shows the dissociation constants for
equilibrium fits to obtained data. Differences visually noted in the sensorgrams are
confirmed in the dissociation constants. The dissociation constant for binding to a single
mismatch is approximately 2.8-3.6 fold weaker binding than to a correctly paired primer-
template.
vii. Correct vs. Incorrect ANTPs on Native Primer-Templates

The influence of correct vs. incorrect ANTPs is well established in solution-based
assays (3, 24, 38-40). Our data illustrates that similar changes are evident in our SPR
experiments. At Klenow fragment concentrations above 400 nM two polymerases begin
binding each primer-template (Figure 39), so polymerase concentrations were kept at and
below 200 nM. Others have reported similar results at high concentrations (80, 126).
Below Klenow fragment concentrations of 200 nM the data fits well to a 1:1 Langmuir
model. To generate these binding curves multiple concentrations of KF were injected
over the sensor surfaces (Figure 40A). The equilibrium levels were then plotted as a
function of the concentration of Klenow fragment used for the injection to generate
binding curves (Figure 40B-D). Figure 40B shows Langmuir binding isotherms of
correctly paired primer-templates in the presence of the next correctly pairing dTTP,
incorrectly pairing dNTPs, or INTPs. A correctly pairing dTTP caused approximately a

20-fold enhancement in binding over the absence of nucleotide (Table 3). This is
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TableIll. Dissociation constants for binding of Klenow fragment to various primer-templates in the presence or absence
of 2°-deoxy- or ribo-nucleotide-5*-triphosphates.®

Dissociation Constants, Kp (nM)*

Primer-Templates® No NTP dTTP dATP dCTP dGTP fUTP rATP

C:G CorrectBP 1631 §x1 990 £ 40 45010 1800100 4413 1370 £ 10
T:G Mismatch 58030 2300400 3900700 2400400 4200700 1400=50 2000=80
G:G Mismatch 450+ 10 2810+20 6200+100 2530+20 6100+100 1370+30 2900%70

2The equilibrium dissociation constant values (Kp) were determined as described under materials and methods.
#The sequences used to form the primer-template duplexes are depicted in figure 18 (T:G mismatch, C:G correct BP,
and G:G mismatch are A, B, and C respectively).

©Values represent averages of triplicates + standard error
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Binding curves show that at concentrations of Klenow fragment above 200 nM two
polymerases begin to bind the DNA primer-templates
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consistent with formation of a closed ternary complex, causing an enhancement in
binding (24). Conversely, the addition of an incorrectly WC-pairing dNTP causes a
destabilizing effect, and a 2.8- to 11-fold increase in the dissociation constant. Similarly,
the presence of a INTP causes a destabilization of 2.7- to 8.4-fold. However, a correctly
base-pairing and smaller rUTP causes less destabilization than the corresponding larger
rATP. The influence of Klenow fragment binding follows the order dTTP >> no dNTP
>>rUTP > dCTP > dATP > rATP > dGTP.
viii. Effect of ANTPs and rNTPs on Mismatched Primer-Templates

We investigated the ability of Klenow fragment to undergo a conformational
change when a mismatch is positioned at the -1 position. The binding isotherms obtained
with either a terminal T:G mismatch (Figure 40C), or a terminal G:G mismatch (Figure
40D), show that a destabilizing effect occurs in the presence of any NTP, deoxy or ribo.
Unlike properly base-paired primer-templates, the dissociation constants reveal that
polymerase binding to the T:G mismatch is destabilized approximately 2.4- to 7.2-fold by
the presence of any NTP. Similarly, addition of any NTP to a G:G mismatch at the -1
position causes significant destabilization. On average, the destabilization seen with the
G:G mismatched primer-template is greater than that observed with the T:G mismatched
DNA construct in the presence of NTPs. Incorrectly pairing dATP and dGTP show the
largest change, up to a 13.7 fold decrease in binding. A correctly base-pairing dTTP or
rUTP show a smaller 3- to 6.2- fold decrease in binding. However, it is undetermined if
this is simply a size exclusion in which the smaller dTTP or rUTP cause less distortion to

the already crowded G:G mismatched terminus, or due to hydrogen-bonding interactions.
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Figure 40. KF-DNA binding curves used to determine apparent dissociation constants
(Kp). (A) KF concentration series. Plotting equlibirum levels vs concentration of KF
and using non-linear regression of a 1:1 Langmuir binding isotherm to data points gives
C-D. (B) Binding curves for correctly paired primer-template (Figure 18B). The
presence of the next correct ANTP causes an increase in binding, whereas the presence
of incorrect ANTPs or an rNTP causes a decrease in the measured binding. (C) Binding
curves attained on T:G mismatched templates (Figure 18A). Here the presence of any
dNTP or rNTP causes a decrease in binding. (D) Binding curves attained on G:G
mismatched templates (Figure 18C). Once again, the presence of any dNTP or rNTP
causes a decrease in binding. Data points are indicated as follows: no dANTP(x), dTTP
(o), dATP (#), dGTP (m), dCTP (A), rUTP (0), rATP (D).
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It is interesting to note that rATP causes less destabilization than dATP on the G:G
mismatched primer-template. It is possible that the unique structure of this mismatch
doesn’t allow the larger rATP access to the active site, thereby limiting it to have a
smaller destabilizing effect due to its inability to bind.
ix. Direct Measurement of Gain or Loss of Stability

Previous results show a clear correlation with the identity of a ANTP and either a
gain or loss of stable polymerase binding (24). By examining the change in equilibrium
binding while keeping the concentration of Klenow fragment constant and changing the
concentration of the ANTP, we were able to directly show the gain or loss of KF-DNA
stability as influenced by various dNTPs. Figure 41 displays the results of such an
experiment. A baseline of zero would indicate that the inclusion that ANTP would have
no effect on the KF-DNA complexes formed. An increase in the relative binding above
zero with an increase in concentration of ANTP would indicate that the ANTP causes an
increase in binding over the binary KF-DNA complex, and a negatively deflected curve
with an increase in concentration of ANTP would indicate that ANTP decreases binding.
As expected, inclusion of a correctly base-pairing dTTP on a correctly paired primer-
template has a profound enhancing effect on the polymerase binding (Figure 41A and B,
solid circles). The binding level increases rapidly with dTTP concentration, maxing out
near the theoretical maximum DNA binding limit. Conversely, the inclusion of any
incorrectly pairing dNTP causes a concentration-dependent decrease in binding. To
quantify this, a modified version of the Hill equation (Equation 4) was fit to the data

(Figure 41, black lines). This allows two important variables to be deduced: 1) the Eax,
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Figure 41. Results for ANTP selectivity assay. Data points are indicated as follows:
dTTP (e), dCTP (A), dATP(¢), dGTP(m). Solid lines represent fits of data points to
equation 4. A) Influence of various dNTPs attained for Klenow fragment binding to
correctly paired primer templates. Only the presence of dTTP causes an increase in the
amount of KF-DNA complexes, and all other dNTPs cause a decrease in KF-DNA
complexes. B) Zoomed in view of (A) showing more clearly the dTTP binding curve at
low concentrations. Small amounts of dTTP induce a rapid increase in the levels of
DNA bound Klenow fragment complexes, whereas incorrect dNTPs require a greater
concentration to achieve their affect. This is evident when examining the Sf value in
table 2. C) Curves attained for a T:G mismatched primer-template. Similar to the
previous results, the presence of any dNTP causes a decrease in binding below
formation of the binary complex alone. D) Results for binding to a G:G mismatched
primer template. Here the presence of any dNTP causes a concentration dependent
decrease in binding. Data points are averages of triplicates and error bars reflect the
standard deviations of the averaged data points.



131

which represents the maximal effect the dNTP can cause, ranging from increasing
binding to 100% of the available DNA substrate, or completely destabilizing all binding
(-100%); or 2) a selectivity factor Sy which represents the concentration of dNTP
required to reach half of the Eg.. High values of S¢ would indicate that high
concentration of the ANTP would be required to achieve the effect dictated by the Ep.x.
Table 4 displays the results of this data set. For instance, dTTP shows a sharp rise in the
curve, giving a low selectivity factor, indicating that dTTP reaches its maximal affect at a
very low concentration. Conversely, the destabilizing dNTPs have a much greater
selectivity factor, 47- to 380-fold higher than dTTP, and require a much higher
concentration to reach their maximal destabilizing effect. In terms of destabilization,
dCTP causes the smallest maximal effect and requires the highest concentration to
achieve half this value, meaning it is the least destabilizing ANTP for this correctly base-
paired substrate (Figure 41A).

The results for measurements with T:G mismatched and G:G mismatched primer-
templates are shown in Figure 41C and 41D respectively. Similar to the equilibrium
binding data, the selectivity experiment shows that the inclusion of any dNTP, even the
next correctly base-pairing dTTP, causes a destabilizing effect in a concentration
dependent manor. In the case of the T:G mismatched primer-template, dTTP has the least
destabilizing effect followed by dCTP. Both dATP and dGTP cause the largest
destabilization. The maximum destabilizing effect (E.x) of all four dNTPs are relatively
similar, however, dTTP and dCTP show less destabilization at a lower concentration.

Again consistent with the dissociation constants, a G:G mismatch shows a greater degree
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Table IV, Computed values of E .. and Sybased upon fits of equation 4 to data presented in figure 39.2

dTTP dATP dCTP dGTP
Primer-Templates® ~ E,.. (%) Se(uM) E s (%0) Se(uM) E: (*8) Sr(uM) Enz (%) Se(uM)
C:G Correct BP +949+£58 0.27+£0.04 -576£1.9 357+£24 -383£1.0 104x25 48914 127138
T:G Mismatch -23.6+13  131£95 -338+14 3242118 300234 B832:473 316218 9.1zx25
G:G Mismatch =53.7+£48 146+£43 55342 261+56 554251 112£23  -445+£43 120+£75

2 E e and Spvalues were determined as described under materials and methods. All values represent averages oftriplicates,
# The sequences used to form the primer-template duplexes are depicted in figure 18 (T:G mismatch, C:G correct BP, and G:G mismatch are
Fig. 2 A, B, and C respectively).
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of destabilization in the presence of any ANTP than observed on the T:G mismatch. There
is also a lower degree of destabilization noted with dTTP and dCTP at a lower
concentration, than with dATP or dGTP. Lastly, it should be noted that equilibrium
binding experiments were conducted at dNTP concentrations of 400 pm, a dNTP
concentration that generates large differences in polymerase binding based upon the
identity of the ANTP.
x. Dissociation of Klenow Fragment Complexes in the Presence and Absence of
dNTPs
Typically experiments are conducted so the injection of enzyme and any co-
factors are only present during the association phase, while the dissociation phase
typically is composed of only buffer. Injections of Klenow fragment mixed with various
dNTPs were conducted, followed by dissociation with only buffer (Figure 42A). Figure
42A shows the results obtained for such an experiment on a properly paired C:G
substrate. The inclusion of dTTP causes an increase in the equilibrium levels of KF-DNA
binding above that obtained in the absence of ANTP. The dissociation phase also shows a
slightly slower rate of dissociation than for the absence of dNTP. Conversely, the
addition of dGTP to the association phase only results in a decrease in equilibrium
binding followed by a rapid dissociation with buffer. To contrast this, and test the ability
of Klenow fragment to sample dNTPs while remaining bound to the DNA we conducted
experiments in which we placed dNTPs not only in the association phase (mixed with
KF) but also into the dissociation phase (Figure 42B). The results obtained here are

similar to those state above with two exceptions: 1) when a correctly base-pairing dTTP
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Figure 42. Sensorgrams depicting cycling of dNTP during Klenow fragment binding on
proper C:G base paired primer-templates (Figure 18B). Sensorgrams are obtained by
injection 100 nM Klenow fragment in the presence or absence of dNTPs. A) After
equilibrium is established the injection of Klenow fragment is stopped (vertical solid
black line) and buffer is flowed over the surface. This results in the dissociation of
bound Klenow fragment. Klenow fragment bound with a correctly base pairing dTTP
show a slower dissociation, most likely due to the formation of a closed ternary
complex. B) After equilibrium is established the injection of Klenow fragment is
stopped and buffer containing either dTTP, no dNTP, or dGTP is flowed over the
surface. The inclusion of dTTP in the dissociation buffer results in a very slow
dissociation of Klenow fragment. This is due to the Klenow fragment re-cycling dTTP
as it opens and closes repeatedly.
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was included into the dissociation buffer the dissociation rate of the complex was
dramatically reduced; 2) the inclusion of a mismatching dGTP in the dissociation buffer
resulted in a more rapid rate of dissociation than in buffer alone. The slower dissociation
with dTTP in the buffer indicates that polymerase is capable of cycling the nucleotides
prior to dissociation from the DNA. When equilibrium is established and the closed
complex formed, if this was a stagnant complex the inclusion of dTTP during the
dissociation phase would have no effect. However, because a large increase in binding is
noted, a significant portion of the bound polymerase must be fluctuating between the
open and closed conformation, even in the presence of the next correct ANTP.
B. Benzo[alpyrene Studies

Previous surface plasmon resonance experiments show that Klenow fragment
binding to a correctly paired unmodified primer-template in the presence of a correctly
pairing ANTP causes a significant drop in the dissociation constant, and a much slower
rate of dissociation. We again chose surface plasmon resonance to conduct studies to
investigate the effects of a (-)-trans-anti-B[a]P-N*-dG adduct on Klenow fragment
binding. SPR allows the concomitant measurement of polymerase binding to three
different DNA primer-template substrates. The ability to measure binding on multiple
substrates allows a direct comparison between the three primer-templates listed in Figure
20. In addition, the same surface is utilized for multiple injections, again allowing a direct
comparison between various injections, in this case the effect measured by the presence
of various dNTPs and rNTPs. We have used an equilibrium type analysis as opposed to a

kinetic fit of our sensorgrams. Sufficient kinetic fits were obtained for this data; however,
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larger-fold change to be observed upon addition of correct or incorrect dNTPs on
unmodified DNA; however, inclusion of salt results in significantly higher dissociation
constants. The results are thus reported as apparent Kps and all conclusions drawn are
based on relativistic changes of the values rather than their absolute quantity.
Examination of the equilibrium binding constants in table 5 in the absence of dNTPs
show that the binding of KF to a G:G-BJ[a]P is approximately 7 fold tighter than to a T:G-
B[a]P or a C:G-B[a]P substrate. This confirms the observations noted above upon visual
examination of the sensorgrams. Conversely, unmodified DNA previously showed
tightest binding to correctly paired C:G substrates, with a 3- to 4-fold decrease in binding
to T:G and G:G mismatched substrates.
iii. Correct vs. Incorrect NTPs on Correctly Paired C:G-B[a] P Substrates

Klenow fragment is known to undergo a conformational change to a closed
complex upon binding of the next correct dNTP. SPR experiments conducted with
unmodified DNA show a substantial 20-fold increase in binding in the presence of the
next correct ANTP. Conversely, the presence of an incorrectly pairing ANTP or any tNTP
causes a destabilization by 3-11 fold, with the smaller pyrimidines causing less
destabilization. Table 5 shows the binding constants determined in the presence of
various dNTPs and rNTPs from fitting of a 1:1 Langmuir binding isotherm to data
presented in Figure 44. Unlike unmodified DNA, (-)-trans-anti-B[a]P-N*-dG modified
DNA shows no increase in binding upon addition of any dNTP or rNTP. Instead,
inclusion of any nucleotide results in a large destabilization. This is indicative of the (-)-

trans-anti-B[a]P-N*-dG adduct preventing the Klenow fragment from forming a closed
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Figure 44. Determination of equilibrium binding constants from Langmuir binding
isotherms. (A) Representative sensorgrams of concentration series showing KF binding
to a G:G-B[a]P primer-template. (B) Isotherms for KF binding to a correctly base paired
C:G-B[a]P primer-template. (C) Isotherms for KF binding to a mismatched base paired
T:G-B[a]P primer-template. (D) Isotherms for KF binding to a mismatched base paired
G:G-B[a]P primer-template. Data points are indicated as follows: no dANTP(x), dTTP
(o), dATP (¢), dGTP(m), dCTP(A), rATP(0), and rUTP(0).
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ternary complex in the presence of a correctly pairing dNTP. The active site is most
likely so distorted by the large adduct that even properly base-pairing dNTPs are
interpreted as incorrect. However, the binding of ANTP must still occur because its
presence leads to a measureable destabilization. This is similar to gel shift binding
experiments examining (-)-trans-anti-B[a]P-N*-dG modified templates that show no net
stabilization from the addition of any dNTP, but instead a destabilizing effect was noted
(64). Yet, similar to unmodified DNA, (-)-trans-anti-B[a]P modified templates show less
destabilization in the presence of smaller incorrectly pairing pyrimidines that larger bulky
mispairing purines.
iv. Effect of NTPs on Mismatched (-)-trans-anti-B[a] P-N2-dG Primer-Templates
Positioning of a mismatch at the -1 position on unmodified DNA resulted in an
inability for the KF to undergo a conformational transition to the closed complex upon
addition of any dNTP or rNTP. Similarly, positioning of a T:G-B[a]P or a G:G-B[a]P at
the -1 position caused the polymerase to become destabilized upon addition of any dNTP
or INTP. The T:G-B[a]P substrate showed a 4- to 8-fold decrease in stabilization upon
addition of any dNTP. Similarly, the tighter binding G:G-B[a]P complex also underwent
a 3-9 fold decrease in binding upon addition of any dNTP. This is in very similar to the 3-
13 fold decrease seen with unmodified DNA mismatches at the -1 position. In addition,
the smaller pyrimidines once again exhibited smaller levels of destabilization than the

larger purine nucleotide triphosphates.
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v. Dissociation Rates from (-)-trans-anti-B[a] P Primer-Templates

Visual examination of the sensorgrams revealed that the G:G-B[a]P complex
undergoes slower rates of dissociation than properly paired C:G-B[a]P or T:G-B[a]P
substrates. Figure 45 shows fitting of a single exponential decay (Equation 2) to C:G-
B[a]P, T:G-B[a]P, and G:G-B[a]P substrates. Single exponential decays provided good
fits to the data. Table 6 shows the determined k¢ values for the various experiments. The
same trends noted above are once again noted upon examination of the dissociation rates.
The G:G-B[a]P mismatch shows the slowest off rate, approximately 3- to 4-fold slower
than for C:G-B[a]P, or T:G-B[a]P substrates. The addition of any ANTP or rNTP to any
of the (-)-trans-anti-B[a]P-N>-dG DNA substrates resulted in an increase in the kog by

approximately 2- to 4-fold.
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Table VI. Dissociation rates for release of Klenow fragment from various B[a]P labeled primer-templates in

the presence or absence of 2’ -deoxynucleotide-5'-triphosphates.?

Dissociation rates, Kz (s°1)¢

Primer-Templates? No NTP dTTP dATP dCTP

dGTP

C:G-B[a]P Correct BP  0.53 = 0.04 1.09£0.03 1.37 £0.14 0.89+0.06
T:G-B[a]P Mismatch  0.61 £0.09 1.13+0.2 1.26 £0.16 0.84£0.14
G:G-Bla]P Mismatch  0.17 £0.01 0.48+£0.02 0.63+£0.12 0.38+0.02

1.42£0.11
1.54£0.05
0.72+£0.23

2The dissociation rates (K;) were determined as described under materials and methods.

® The sequences used to form the primer-template duplexes are depicted in figure 20 (T:G mismatch, C:G

correct BP, and G:G mismatch are A, B, and C respectively).
¢ Values represent averages of global fits to triplicate data< standard deviation
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Figure 45. Representative dissociation phase for Klenow fragment binding in the
absence of ANTPs. Data points are shown as points and fits are shown as solid lines.
Data points are indicated as follows: C:G-B[a]P correct base pair (0),T:G-B[a]P
mismatch (e), G:G-B[a]P mismatch (A).
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CHAPTER IV: DISCUSSION

I. MALDI-TOF Method Development

It has been established by prior work that hydrophobic surfaces can enhance the
resolution of MALDI-TOF mass spectra and aid in the ability of obtaining sample spots
with high levels of crystalline matrix suitable for laser vaporization (//1, 112). We have
developed methods for preparing a uniform hydrophobic surface made up of a thin and
very uniform layer of Parafilm that not only provides these advantages, but also allows
the use of external standards and provides low levels of background signal.

Our hydrophobic coating is easy to apply, inexpensive, and the materials are
readily available in almost all labs. The very thin hydrophobic layer produces a true non-
wetting surface that minimizes the contact surface area of the liquid to the coating. This is
beneficial because the volume to surface area ratio is minimized by placing hydrophilic
buffers on non-wetting surfaces. Because the volume to surface area ratio of the sample
spots are larger on the hydrophobic surface as compared with the ground steel, the spots
dry more slowly. As the samples dry they maintain a spherical shape while shrinking in
diameter whereas the sample spots on the steel tend to flatten out and remain widespread.
This compact nature of the sample makes it much easier upon sample crystallization to
find areas with crystals that give good spectra. Further, this action concentrating action
also lowers the limits of detection for samples. This is in agreement with result others
have found using different hydrophobic surfaces (/71, 112).

Quite often the most difficult part of MS is locating sample that gives good signal.

On the Parafilm layer this is not difficult because of the wealth of usable signal. This has
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also previously been noted by other researchers utilizing similar hydrophobic surfaces
(111, 112). This effect is thought to occur due to the concentration of sample into a
smaller area. This effectively raises the amount of sample vapourized (and subsequently
traveling to the detector) with each shot of the laser. Our results indicate about a 20 times
higher likelihood of obtaining similar spectra on parafilm coated surfaces than on ground
steel. This implies that if one were to randomly shoot at the crystal one would be about
20 times more likely to hit a high quality area for crystals grown on the Parafilm coating
than on the ground steel. This increase in area that gives high quality signals on the
Parafilm coating dramatically cuts down on the time needed to locate regions within the
crystal that are usable. In addition, the number of samples spotted that do not give any
usable signal also drops significantly. Virtually all samples spotted gave usable signal.
Not only does the Parafilm layer greatly increase the usable sample area for
analysis, but also results in improved resolution. The spectra obtained tend to be of
superior quality, and have clearer peaks. As a result less smoothing is required upon
processing of spectra. The clearer spectra containing usable additional salt peaks provide
further points for calibration when shooting standards, and provide more peaks to confirm
the identity of unknown sample masses. In addition, the spectra obtained on ground steel
tend to lack M+2H peaks in comparison to spectra obtained on Parafilm. The lack of
these peaks reduces the utility of internal standards since these calibration points are often
missing. Spectra obtained on the hydrophobic coating consequently allow mass
calibration over a wider range, extending their usefulness. Adding to this is the lower

background noise obtained at low mass ranges on the Parafilm layer. This becomes useful
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when spectra over a large mass range are being obtained. For instance, when performing
exonuclease digests of DNA and subsequently utilizing the MALDI-TOF for sequencing
analysis, the introduction of noise in the low mass range interferes with identifying lower
mass fragments (/03). As a result exonuclease digests must be performed in both the 5’
to 3’ and 3’ to 5’ directions. The use of this Parafilm coating may help reduce the
aberrant noise found in the lower mass range, which will aid in obtaining a more
complete mass spectrum of the exonuclease digest.

Prior studies had shown that when utilizing coatings on plates it is difficult to
employ external standards due to variances in the thickness of the deposited coating
(1/12). These variations in film thickness create shorter and longer time of flights that
introduce error into the associated masses. The prior experiments indicated that the
variances in the mass spectral data prior to processing were minimal. This high
reproducibility between subsequent spots on the Parafilm-coated plate implied that the
variances in the Parafilm thickness may be negligible. Microscopic examination of the
Parafilm layer revealed that its thickness was smaller than the thickness of most crystals.
As a result we chose to examine the possibility of utilizing external standards with the
Parafilm coating. Our results suggest that the use of the Parafilm coating allows accurate
mass determination even when utilizing external standards. The accuracy obtained with
the Parafilm coating when using external standards served to further confirm the ability
for this thin, homogenous layer to improve on currently used MALDI-TOF methods.
Overall the time saving and ease at which excellent spectra are obtained make this

method valuable to mass spectrometry.
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II. Surface Plasmon Resonance

A. Unmodified DNA

Replication could not proceed without a method for proper dNTP selection.
Numerous studies have identified various intermediate states describing a relatively linear
mechanistic pathway (27). With the exception of partitioning to the exonuclease domain,
the current mechanism of polymerization is in fact a linear path (Figure 4). Mismatches
represent misincorporation events that have already occurred. In the case of our results,
mismatches placed at the primer terminus, at the -1 position, cause a destabilizing effect
as depicted by their increased dissociation constants relative to correctly base paired
primer-templates. This reduced binding can be easily described along the linear
polymerization path. The forward rate of step 1 (Figure 4) could be decreased due to
unfavourable interactions of the non-Watson Crick DNA structure, restricting polymerase
binding. Alternatively, the reverse dissociation rate could be increased due to an unstable
conformation the DNA adopts within the polymerase upon binding. Polymerases with
exonuclease domains have also been shown to increase the partitioning to the
exonuclease domain upon binding mismatches, and that the dissociation rate from this
domain is different than that from the polymerase domain (30, 31, 127). Regardless, the
observed effects of terminal mismatches in the absence of ANTPs are readily accounted
for in the current mechanistic model.

Similarly, the increase in binding noted in the presence of the next correct ANTP
can also be accounted for in the linear model. Addition of a correctly pairing dANTP

causes a conformational change of the polymerase into a ternary closed complex (Step 3)
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(24). This sequestering of enzyme and DNA in this closed conformation effectively shifts
the equilibrium to the right, de-populating the binary complex and causing free DNA and
enzyme to bind in order to fill the void. Such a shift results in more KF-DNA complex
which is measured as an increase in binding. This result is also neatly validated in the
linear mechanistic pathway.

However, the addition of an incorrectly pairing dNTP has experimentally been
shown to decrease the level of binding below that of simply binary complex formation (in
this study and in (80, 89)). It is of importance to note that any DNA bound by enzyme,
whether in a binary, open ternary, or closed ternary complex, will show up as “binding”
on many experiments such as gel shift, or in this case SPR experiments. With the current
linear model as seen in Figure 4 this destabilization result simply cannot be explained.
For example, if the ANTP was an incompatible fit and subsequently did not undergo
transition to the closed ternary complex but instead remained populated within the open
ternary complex, the relative populations of the binary and open ternary complex will still
exceed that of the binary complex in the absence of nucleotide. Taken one step further,
the worst case example would be if the INTP was completely restricted from forming the
ternary complex at all, the mechanism remaining would be that up to binary complex
formation. Even in this worst case ANTP binding situation, it is impossible for the level of
enzyme-DNA binding to fall below that of binary complex alone, meaning that
experiments showing a decrease in KF-DNA binding below levels of experiments
conducted without dNTPs cannot be explained using this linear model. The linear

mechanism simply cannot account for this result.
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To explain this abnormality, we propose a new path along the mechanism that is
capable of accounting for this result, as well as providing a new selection pathway along
which dNTPs can be continually sampled without the necessary dissociation of the
polymerase. Figure 46 shows our modified mechanism. Here, an open ternary complex is
formed, from dNTP binding the open binary complex, followed by one of two states; 1)
in the case of a correct ANTP the polymerase may form the closed ternary complex
followed by catalysis, or 2) in the case of an incorrect ANTP, the polymerase may form a
destabilized ternary complex followed by rejection of the ANTP to form a destabilized
binary complex, following with either direct dissociation from the DNA or reforming the
open binary complex. This evacuation pathway provides several key intermediates and
resolves the problem of the current model to account for destabilization caused by
incorrect ANTPs. The resolution comes from the fact that once this destabilized complex
is formed, the enzyme-DNA complex may directly dissociate to free enzyme and DNA.
This provides a second route to free the enzyme from the DNA, and importantly, this
allows the measured levels of KF-DNA complexes to fall below the levels of KF-DNA
achieved during binary complex formation in the absence of dNTPs. This is because the
formation of some ternary complex could potentially lead back to free enzyme and DNA
without having to reform the binary complex. The dissociation from the destabilized
binary complex may be brought about by decreased KF-DNA interactions following
release of the incorrect ANTP.

Direct evidence for this destabilized state of the polymerase has already been

experimentally determined, yet unaccounted for in the polymerase mechanism. In 2006
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Figure 46. Novel proposed mechanism for DNA synthesis reflecting a dNTP selection
cycle. Schematic representation of various states achieved during synthesis. The newly
proposed mechanism includes a conformational change to a destabilized ternary
complex (EreDNA®dNTP) where the enzyme exists in a conformational state that
promotes the rapid rejection of the dNTP. Following release of the dNTP the Er
polymerase conformation may reform the native binary conformation or dissociate
directly to free enzyme and DNA. This dissociation from the Ere DNA complex may be
brought about by decreased KF-DNA interactions following release of the incorrect
dNTP. Inclusion of this step provides a mechanism by which a decrease in stability may
be measured during experiments such as the SPR binding assays.
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Johnson et al. suggested that binding of an incorrect ANTP may use some of the binding
energy to actively misalign catalytic residues of the polymerase (39). We propose that
this misalignment is in fact the polymerase actively rejecting the ANTP in an attempt to
speed up synthesis by finding a correctly pairing dNTP. This provides the polymerase a
method to increase the dissociation of incorrect dNTPs and increase the binding of
correct ANTPs as is seen with measurements of ground state ANTP binding (unpublished
results). Johnson et. al. also stated that the resting polymerase may be in a partially closed
state and that the presence of an incorrect ANTP causes the polymerase to populate the
fully open state. We feel that the resting polymerase is in an open state defined by our
model, and that the presence of an incorrect ANTP induces formation of a destabilized
state. Joyce et al. have recently confirmed the existence of such a destabilized state (38).
Using fluorescence resonance energy transfer (FRET) with two fluorophores positioned
on the polymerase, they were able to show that an incorrect ANTP evokes a fluorescent
state that is different from either the open binary, or the closed ternary complex. Their
results fit very well into our model in which the novel fluorescent state they measured is
direct evidence for either the destabilized binary or destabilized ternary complexes.

Our results also show that rNTPs undergo destabilization of the KF-DNA
complexes. Because of this, we feel that INTPs, mispairing or correctly pairing, will fall
along the same pathway as mispairing dNTPs. Again, the only way to explain a
destabilization effect exceeding that of forming the binary complex alone is through an
alternate pathway. This is again supported by Joyce et. al. where it was noted that the

presence of INTPs caused the formation of the same FRET state as the incorrect dNTPs.
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Also, the relative partitioning between returning from the open ternary complex to the
binary complex versus preceding through the destabilized pathway may account for rate
differences observed between various rNTPs versus dNTPs. For instance, the mismatched
G:G primer-template shows a larger destabilization from addition of dATP than for
rATP. This could indicate that the ability of rATP to bind in the open ternary complex is
not as easy as for the dATP. If the rATP is incapable of forming the open ternary
complex due to steric interactions, then the destabilized ternary complex cannot form.
This is observed only with mismatches, possibly owning to their more confined active
sites not allowing competent binding of the rATP.

In addition to simply forming a destabilized complex followed by dissociation of
the polymerase, we have included a step whereby the destabilized binary complex may
transition back to an open binary complex, and feel this is the preferred path for several
reasons. This step ensures that each time the polymerase incurs a mismatched dNTP or an
rNTP within the active site it will not necessarily lead to dissociation of the entire
complex. We feel that the preferred route for an incorrect NTP is the cyclic path: 1)
incorrect ANTP binding to form an open ternary complex, 2) dNTP-induced polymerase
misalignment forming destabilized ternary complex, 3) dissociation of the incorrect
dNTP to form a destabilized open complex and 4) reforming of the open binary complex
to which new dNTP may bind. This pathway provides the polymerase a method to cycle
actively the nucleotides in a rapid and efficient effort to find a correct match. Figure 47
shows a representation of how the DNA synthesis pathway overlaps with what we term

the dNTP selection loop. This process can occur without dissociation of the polymerase;



155

DNA Synthesis kF + DN An) dNTP Selection

KF'DNA{H.,.” Translocation KF'DNA{n} KF-DNA{n)

Closed Product Open Binary Destabilized Binary
dNTP
Catalysis /- Pool
KF-DNA _ KF-DNA,,,-dNTP KF-DNA,,,-dNTP
(M) Fingers (n) (n)
Closed Ternary Closing Open Ternary Destabilized Ternary

g Ny A )

Figure 47. ANTP selection cycle. Cartoon depiction showing how the DNA synthesis
cycle may be coupled to the ANTP selection cycle. After formation of an open ternary
complex the polymerase will transform into one of two conformational states that is
driven by the nature of the template-dNTP interactions. Incorrectly pairing ANTPs will
be rejected reforming the open binary complex and allowing a new dNTP from the pool
to be sampled and correct ANTPs will undergo synthesis into the growing primer chain.
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however, the destabilized binary complex does possess the ability to dissociate to free
enzyme, giving the polymerase an advantage on non-native templates such as
carcinogenic adducts. For instance, if a polymerase stalls at a location due to an altered or
non-native template base, the polymerase may cycle in multiple attempts to find a correct
dNTP match, followed by an increased rate of dissociation from existing in the
destabilized state. This dissociation will allow another polymerase, possibly a lesion
bypass polymerse in the case of DNA adducts, to complete the synthesis. Similar to this
example, repetitive bombardment of mispairing dNTPs is seen in experiments such as
ours in which only the incorrect ANTP is present, and no correct match can be found.
Here even a small contribution to this repetitive loop by directly dissociating from the
destabilized binary complex to free enzyme can contribute to equilibrium binding levels
that fall below that of binary complex formation alone.

This cycle also predicts that a great deal of nucleotide selectivity must occur in
the open state. The proverbial fork in the pathway exists after formation of the open
ternary complex. Previous reports have argued that a great deal of the dNTP selection
process must occur within the open ternary complex (2). Our model agrees with this, in
which the resulting mechanistic path that is chosen based upon whether the current ANTP
within the polymerase was deemed correct or not; however, it should be noted that the
forked point may be downstream of the open ternary complex falling after another
intermediate, but must still remain prior to formation of the closed ternary complex. That
is to say that step 3 may be broken into several smaller steps, and the formation of the

destabilized state will lay at some step prior to conformational closing (27).
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Our selectivity assay correlates well with this novel cycle in the mechanism. The
stabilization measured in the presence of a correctly base-pairing dTTP on the correct
substrate indicates formation of the closed ternary complex. The destabilization measured
with any other dNTPs is due to formation of the destabilized ternary complex which
eventually leads to direct dissociation of the destabilized binary complex. The
mismatched primer-templates also showed the ability to form destabilized complexes
although they did not form any stabilizing complexes. This result indicates that with these
mismatched substrates the polymerase are still capable of forming a ternary complex;
however, it transitions primarily to a destabilized ternary complex and not to a closed
ternary complex. The mismatch at the post insertion site most likely forms a
conformation the polymerase interprets as incorrect, inhibiting formation of a closed
ternary complex. However, the polymerase must not block the formation of the
destabilized ternary complex because we are still capable of measuring destabilization
above and beyond formation of the binary complex alone. This dissociation would be
advantageous to the cell to allow other enzymes to repair the damaged DNA bases prior
to re-initiating synthesis.

Our results shown in Figure 42B also illustrate the process by which dNTPs are
sampled without dissociation of the polymerase. The equilibrium KF-DNA binding levels
obtained prior to initiating dissociation will populate the various states defined by the
mechanism. During dissociation, when a dNTP is not present, the population of Klenow
fragment in the closed ternary complex quickly re-opens to form the open ternary

complex followed eventually by dissociation from the DNA, which is seen as a fast
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dissociation phase. Conversely, when a correctly pairing dNTP is added during the
dissociation phase, the polymerase remains bound significantly longer. The explanation
for this comes from the polymerase being able to open and exchange dNTPs without
dissociation from the DNA. In the case of no dNTP present during dissociation, the
closed ternary complexes formed during equilibrium will have no dNTP to exchange
when it reopens to form the binary complex. On the other hand, the dissociation phase
containing free correct ANTP affords the polymerase the ability to open, releasing the
dNTP followed by binding of a new dNTP and reforming the closed complex. If this
exchange of ANTP was not possible the results for Figure 42A and 42B would be
expected to be the same or very similar.

In our mechanism the transition from open ternary to destabilized ternary may be
reversible, but the direction the equilibrium lies will be determined by the identity of the
dNTP. We have also assigned single direction arrows to three particular steps of the
mechanism. We feel these steps represent one-way steps in which we predict the reverse
rates will be extremely slow in any situation. The transition from a destabilized ternary
complex to a destabilized binary complex should not occur in reverse. Once the ANTP
has dissociated, the following steps are most likely rapid and energetically favoured. The
dissolution of the destabilized binary complex to either the free enzyme or the binary
complex is also considered a one-way step. Similar to what was proposed by Johnson et
al., the binding energy of the mismatched dNTP is required to transition to the
destabilized state (39). Direct transitions from the open binary complex to a destabilized

binary complex would be energetically expensive and an unlikely occurrence given no
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driving energy is available for the process. The use of the ANTP binding energy to cause
the polymerase to change conformation is not a new idea (39). The energy of binding can
be used to drive the conformational change noted in the presence of a correct dNTP.
Likewise, if an incorrect ANTP is present, the conformation of the polymerase may be
altered into what we call the rejection conformation (E;+). Formation of the rejection
conformation will similarly use dNTP binding energy, and will result in a complex that
has a weaker affinity for the dNTP. This correlates with studies that have shown the
equilibrium dissociation constants for binding of incorrect ANTPs are higher than correct
dNTPs. We also suggest that there may possibly be alternative conformations of the DNA
formed during this process. This is a possibility, although we feel it is unlikely. The direct
dissociation of the rejection conformation would be due to weaker KF-DNA interactions
induced by changes in polymerase conformations rather than DNA conformational
alterations.

DNA polymerases have had a great deal of time to evolve and perfect their
mechanism of DNA synthesis. It appears unlikely that through evolution polymerases
would miss an opportunity to actively expedite the process of dNTP selection. Our
proposed model incorporates a new cyclic pathway whereby the polymerase actively
undergoes ANTP selection that can take place without dissociation of the enzyme, thereby
allowing an increase in the rate at which a polymerase finds a correct ANTP. Inclusion of
this novel pathway is obligatory to understanding the way polymerases function. We feel
that this minimal reaction mechanism should currently be examined when interpreting

results. In addition, other enzymes that use a similar process of selection, for instance
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RNA polymerases, may also benefit from including such a selection step in their
mechanisms. Lastly, our mechanism predicts states that should hopefully be detectible in
future assays.
B. Benzo[alpyrene

The ability of DNA polymerases such as Klenow fragment to accurately choose
the correct ANTP for incorporation into the primer is of prime significance in determining
the accuracy of DNA replication. A mistake during DNA synthesis can have disastrous
outcomes for the cell. Most DNA polymerases have the extraordinary ability to correctly
choose dNTPs on native undamaged DNA in a repeated and rapid process (/28).
However, when a carcinogenic adduct is positioned on the same template the results are
often quite different (/29). We previously utilized surface plasmon resonance to
investigate the mechanism of DNA replication, specifically to study what happens when
Klenow fragment is in the presence or absence of either a correctly pairing deoxy- or
ribo-NTP or a mismatched deoxy- or ribo-NTP, on both correctly paired primer-
templates and mismatched primer-templates. Using this approach we identified a novel
process in the mechanism of DNA replication that selects for a correct dNTP. The
addition of a correctly pairing dNTP on native correctly matched substrates results in the
formation of a closed ternary complex that is productive in catalyzing the addition of the
dNTP to the growing primer stand. Conversely, addition of a mismatched dNTP, or any
rNTP, causes a destabilizing effect in which a destabilized ternary complex is formed
followed by rejection of the nucleotide to form a destabilized binary complex (Figure 46).

This destabilized complex can then dissociate from the DNA at a rate that exceeds the
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reverse of step 1, binary complex formation, leading to a net decrease in measured
binding levels. Using a similar approach, we have investigated how polymerase binding
to a a (-)-trans-anti-B[a]P-N*-dG adduct fits into this new step of the polymerase
mechanism.

In this study, we positioned a (-)-trans-anti-B[a]P-N*-dG adduct at the -1 position,
paired with either a correctly base-pairing cytosine on the 5’ end of the primer, or a
mismatched thymine or guanine. Extension assays have shown that this is the location
that stalls predominantly occur, with the polymerase being able to extend up to and across
from a B[a]P adduct (Figure 25) (62, 130). Measuring the binding of Klenow fragment at
this stalling position allowed us to examine what occurs during the pivitol moment when
polymerases fail, and determine how misparing at this location affects polymerase
binding. Similar SPR experiments on unmodified DNA showed that Klenow fragment
prefers to bind to correctly base-paired primer-template terminus, with the binding to
mismatched T:G and G:G primer termini being weaker. This weaker binding is due to
incompatible primer-template termini that disrupt the polymerase-DNA interactions.
Interestingly, our (-)-trans-anti-B[a]P-N*-dG adducted template showed the strongest
binding when a G:G-B[a]P was positioned at the -1 position. Whereas the binding to
properly C:G-B[a]P and mismatched T:G-B[a]P was weaker. This implies that the
structures of C:G-B[a]P and T:G-B[a]P are adopting conformations that are not
conducive to the binding of the polymerase. Most likely the B[a]P moiety is adopting a
conformation within the primer-template and polymerase active site that causes

significant steric clashes with either the protein, or disrupts the DNA to the extent that the
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polymerase is no longer capable of forming normal alignments with the primer-template
terminus. The result of either would be a weakened binding to these substrates. The G:G-
B[a]P mismatch may have an increased level of binding due to hydrophobic interactions
of the pyrene moiety with the polymerase that is exacerbated by the G:G mismatch.
Alternatively, the orientation of the pyrene moiety may be such that the adduct is
positioned interacting with the DNA resulting in the mismatched guanine on either the
primer or the template being positioned into a hydrophobic pocket of the polymerase. In
either case, the polymerase retains a tighter affinity to the G:G-B[a]P mismatch that is
unique to this structure.

The increase in binding to a G:G-B[a]P over C:G-B[a]P and T:G-B[a]P substrates
indicates that the G:G-B[a]P is adopting a conformation that promotes the interactions of
Klenow fragment with the substrate. Yet, despite the increased affinity, the complex is
still not capable of forming productive alignments to form a closed ternary complex. The
addition of the next correctly base-pairing dTTP does not induce tighter binding, but
conversely diminishes binding. On all substrates tested, the inclusion of any dNTP or
NTP decreased the levels of polymerase binding lower than those obtained in the
absence of dNTPs or rNTPs. The inability of the polymerase to undergo a conformational
transition to a closed ternary complex indicates that NTPs are not capable of productively
binding the complex. The blocking of the conformational transition to the closed complex
can again be attributed to the conformations adopted by the B[a]P adducted primer-
template termini. The already tight constraints of the polymerase active site, now further

crowded by the presence of the adduct, interferes with the proper geometric alignment of
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residues that are responsible for testing the fit of the incoming dANTP. Relating this to the
polymerization mechanism, the conformational closing motion (step 3) is inhibited
(Figure 48). The build-up of the open ternary complex will now cause a higher proportion
of complexes to occupy the destabilized ternary complex, resulting in a measureable
destabilizing effect.

Y family polymerases are able to accommodate such lesions due to their more
open active site (Figure 14). The open active site will preclude the insertion of the pyrene
moiety into hydrophobic pockets of the enzyme, and will free up more room for ANTPs
to productively align. Members of the Y family of bypass polymerases, such as human
pol K, are capable of bypassing a (-)-trans-anti-B[a]P-N*-dG adduct by correctly
inserting a C (/37). Another study examined which polymerases are specifically
responsible for non-mutagenic bypass of these adducts (/32). Here it was found that non-
mutagenic bypass of the (+)-trans-anti-B[a]P-dG was accomplished by DNA polymerase
IV and V, whereas non-mutagenic bypass of the (-)-trans-anti-B[a]P-dG was
accomplished by DNA polymerase IV alone. This variation in polymerase for non-
mutagenic bypass illustrates the importance stereochemistry and the conformations that
these adducts adopt within the polymerease. It has yet to be determined whether bypass
polymerases undergo the same kinetic mechanism as regular replicative polymerases, but
it would appear that they are less susceptible to undergoing re-arrangements to a
destabilized ternary complex due to their open active sites.

In summary, the positioning of a bulky (-)-trans-anti-B[a]P-N*-dG adduct at the -

1 position causes Klenow fragment to be unable to efficiently undergo a conformational
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dG adduct inhibits the formation of the ternary closed complex, resulting in a greater
partitioning to the destabilized ternary complex, and a faster rate of dissociation from
the DNA.
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rearrangement to a closed ternary complex in the presence of dNTPs or rNTPs. This
results in the population of destabilized ternary complex and rapid dissociation of the
polymerase from the DNA. In addition a G:G-B[a]P mismatch forms a unique structure
that yields a tightly bound complex that is also incapable of forming a normal closed
ternary complex. Taken together, this suggests that the structures of these various primer-

templates are different within the polymerase.
II1. Conclusions and Future Directions

A. Unmodified DNA

Using surface plasmon resonance and an assay that directly examines the impact
of the identity of the incoming dNTP on formation of KF-DNA complexes; we have
shown evidence for the formation of a stabilized complex in the presence of correctly
pairing dNTPs, and formation of a destabilized complex in the presence of incorrectly
pairing dNTPs. The formation of a closed ternary complex has been previously accounted
for in the minimal reaction pathway. However, the minimal reaction pathway cannot
account for the destabilizing effect an incorrect dNTP bestows upon the complex. We
have accounted for this by including a destabilized dissociation pathway into the minimal
reaction scheme. Furthermore, inclusion of the destabilized complex into the minimal
mechanism of DNA polymerization reveals a selection cycle by which polymerases may
choose a correctly pairing substrate for incorporation into the growing primer strand. This
minimal reaction pathway predicts particular intermediates that may be probed in future
studies. For example, single molecule studies may be able to directly measure formation

of the various destabilized states, and directly monitor the destabilizing effect in real



166

time. In particular, measurements capable of visualizing either the destabilized ternary, or
the destabilized binary complex, would supply further evidence for this pathway.

Our reaction pathway also predicts a ANTP selection cycle. This selection cycle
shows how polymerases aid in the removal of mispairing dNTPs from their active sites in
an effort to seek a correctly pairing ANTP for catalysis. Future experiments can utilize
combinations of dNTPs, both correct and incorrect, at varying levels to examine the
ability of polymerase to sample the substrates. By examining the concentration
dependence and ratio of these substrates to the binding of Klenow fragment, insight can
be gained into how the polymerase can cycle through various dNTP substrates.

Our experiments examining mismatches revealed that an incorporation event that
places a mismatch into the post-insertion site creates a substrate where the polymerase is
incapable of sufficiently determining the next correct ANTP to be incorporated. This
terminal mismatch presumably forms an incompatible substrate with our tested
mismatches. To further examine the effects of mismatches, an A:G mismatch can be
compared with the G:G and T:G mismatches used in this study. Also, examination of
mismatches in other sequence contexts may reveal a sequence dependence effect whereby
some mismatches can be accommodated in some sequence contexts. Further, similar
experiments can be performed with different classes of polymerases, such as the bypass
polymerase Poln, to determine how they cope with the presence of mismatches and how

they are capable of determining nucleotide selectivity on these DNA substrates.
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B. Benzo[alpyrene

Bulky DNA adducts such as benzo[a]pyrene interfere with replication by forming
structures within the polymerase that preclude the productive binding of dNTPs, and/or
inhibit the conformational change. We studied the effect various dNTPs have upon
Klenow fragment binding to several (-)-trans-anti-B[a]P-N’-dG adducted primer-
templates. The presence of the (-)-trans-anti-B[a]P-N*-dG adduct interferes with the
formation of a stable closed ternary complex. Unlike unmodified DNA, the addition of
any dNTP favoured formation of a destabilized ternary complex that rapidly dissociates
to free polymerase and DNA. In addition, Klenow fragment shows tighter binding to a
mismatched G:G-B[a]P adducted primer-template than either a correctly base paired
C:G-BJ[a]P or mismatched T:G-B[a]P primer template. The G:G-B[a]P structure was also
inhibited from forming the closed ternary complex, yet dissociation rates from this
complex were slower than for the correctly base paired C:G-B[a]P or mismatched T:G-
B[a]P primer template. This result indicates that the conformation adopted by the G:G-
B[a]P within the active site of the polymerase is unique to this structure.

It is unclear whether this increased binding is a result of the G:G-B[a]P mismatch
alone, or also dictated by the surrounding sequence. Future experiments can examine the
same G:G-B[a]P mismatch positioned within different sequence contexts to make this
determination. In addition, experiments can be conducted where the similar (+)-trans-
anti-B[a]P-N*-dG adduct is placed within the same sequence. The mutagenic profile for
the (-)-trans-anti-B[a]P-N*-dG adduct is different from that of the (+)-trans-anti-B[a]P-

N2-dG adduct, and we would predict that this adduct would not form the same types of
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structures (733). Also, the study can be furthered by examining the (-)-cis-anti-B[a]P-N*-
dG and (+)-cis-anti-B[a]P-N*-dG adducts. Again, it is expected that each of these adducts
will produce a different binding pattern than the (-)-trans-anti-B[a]P-N*-dG adduct due to
differences in their mutagenic profiles (7). Further, binding of various polymerases such
as the bypass polymerase Poln can be examined to note any differences as compared to

replicative polymerases.
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DNA polymerase has had a great deal of time to evolve efficient strategies to
perform synthesis. Critical to this process is the selection of a correctly base pairing
dNTP to become incorporated into the primer strand. A variety of effects are induced by
the identity of the incoming dANTP and its ability to effectively base pair with the
templating base. The presence of the next correct dNTP is known to induce a
conformational change of the polymerase and lead to an increase in KF-DNA binding.
Conversely, the presence of an incorrect ANTP is shown to lead to a destabilization and
reduction in the levels of KF-DNA complexes formed. Using surface plasmon resonance
and an assay that directly examines the impact of the identity of the incoming dANTP on
formation of KF-DNA complexes, we present evidence for the formation of a
destabilized complex in the presence of incorrectly pairing dNTPs. We present and
discuss the implications of a new model for DNA synthesis that involves a dNTP

selection cycle. This selection cycle shows how polymerases aid in the removal of
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mispairing dNTPs from their active sites in an effort to seek a correctly pairing template-
dNTP for catalysis. Polymerases have evolved to utilize efficiently this method of ANTP
selection to speed up dANTP selection.

Bulky DNA adducts such as benzo[a]pyrene interfere with replication by forming
structures within the polymerase that preclude the productive binding of dNTPs, and/or
inhibiting the conformational change. Surface plasmon resonance was used to study the
effect various dNTPs have upon Klenow fragment binding to several (-)-trans-anti-
B[a]P-N*-dG adducted primer-templates. Dissociation constants were determined for
Klenow fragment binding to primer templates containing either a correctly paired C:G-
B[a]P, mismatched T:G-B[a]P, or mismatched G:G-B[a]P positioned at the -1 position, in
the presence and absence of various dNTPs and rNTPs. The presence of the (-)-trans-
anti-B[a]P-N*-dG adduct interferes with the formation of a stable closed ternary complex.
Moreover, the addition of any dNTP favoured formation of a destabilized ternary
complex that rapidly dissociates to free polymerase and DNA. In addition, Klenow
fragment shows tighter binding to a mismatched G:G-B[a]P adducted primer-template
than either a correctly base paired C:G-B[a]P or mismatched T:G-B[a]P primer template.
The G:G-B[a]P structure was also inhibited from forming the closed ternary complex, yet
dissociation rates from this complex were slower than for the correctly base paired C:G-
B[a]P or mismatched T:G-B[a]P primer template. This result indicates that the
conformation adopted by the G:G-B[a]P within the active site of the polymerase is unique

to this structure.
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