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ABSTRACT We report the crystal structure of Thermus
aquaticus DNA polymerase I in complex with an inhibitory
Fab, TP7, directed against the native enzyme. Some of the
residues present in a helical conformation in the native
enzyme have adopted a y turn conformation in the complex.
Taken together, structural information that describes alter-
ation of helical structure and solution studies that demon-
strate the ability of TP7 to inhibit 100% of the polymerase
activity of the enzyme suggest that the change in conformation
is probably caused by trapping of an intermediate in the
helix-coil dynamics of this helix by the Fab. Antibodies
directed against modified helices in proteins have long been
anticipated. The present structure provides direct crystallo-
graphic evidence. The Fab binds within the DNA binding cleft
of the polymerase domain, interacting with several residues
that are used by the enzyme in binding the primer:template
complex. This result unequivocally corroborates inferences
drawn from binding experiments and modeling calculations
that the inhibitory activity of this Fab is directly attributable
to its interference with DNA binding by the polymerase
domain of the enzyme. The combination of interactions made
by the Fab residues in both the polymerase and the vestigial
editing nuclease domain of the enzyme reveal the structural
basis of its preference for binding to DNA polymerases of the
Thermus species. The orientation of the structure-specific
nuclease domain with respect to the polymerase domain is
significantly different from that seen in other structures of
this polymerase. This reorientation does not appear to be
antibody-induced and implies remarkably high relative mo-
bility between these two domains.

TP7 is an antibody that has been used as a thermolabile
inhibitor in hot-start variations of PCR (1) by using Thermus
aquaticus DNA polymerase I (TaqP) as the enzymatic com-
ponent. Binding and inhibition studies (2) and a recent com-
putational modeling study (3) have shown that inhibitory
activity of TP7 and its Fab (TP7) is probably caused by its
interaction with TaqP residues necessary for binding the
primer:template complex. We present structural evidence for
this hypothesis in a crystal structure of TaqP complexed with
TP7. The structure is also of additional significance in dem-
onstrating the mechanism of polymerase inhibition by entities
that are not substrate analogs. The structure of TaqP including
the polymerase (pol) and the structure specific nuclease (nuc)
domains (4), that of the pol domain alone (5), and that of TaqP
complexed with a primer:template complex (6) all have been
reported. The structure of the native enzyme in a different
crystal form (7) also has been determined (H.M.K.M., unpub-
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lished work). Structure of unliganded TP7, which recognizes
and binds to native TaqP or the pol domain but does not
recognize any peptides derived from the pol domain is, like-
wise, available (2, 3). In the structure of the complex, there is
considerable distortion of several residues of TaqP from their
native helical conformation. These conformationally per-
turbed residues are part of the assembled antigenic epitope
that interacts with the antibody paratope. These observations
strongly suggest that TP7 is directed against an altered native
form of TaqP. Structural and binding studies have suggested
that some antibodies could be directed against altered native
forms of an injected antigen (11, 31-34). In particular, work on
Themiste zostericola myohemerythrin has shown that mAbs
induced by both protein and pertinent peptide react much
more strongly with unwound forms of helix C in that protein
and has shown how an antipeptide antibody can recognize an
altered native form of a protein (9, 12). However, this report
presents the direct observation of a complex of a protein
antigen with an Fab directed against and recognizing an
altered helical structure. Moreover, although large, segmental
motion in DNA polymerases has been documented, especially
as an accompaniment to substrate binding (4-6), the unwind-
ing of almost two turns of an « helix observed in this structure
is unprecedented.

MATERIALS AND METHODS

Crystals were obtained by using TaqP (30) purified by crys-
tallization (7) and TP7 purified as reported (2). Crystals of
TaqP, washed in 20 mM Tris-HCI (pH 7.4) and 47% saturated
ammonium sulfate, were dissolved in and extensively dialyzed
against ammonium sulfate free buffer. The protein then was
concentrated to 0.5 mg/ml, was mixed with a stoichiometric
equivalent of TP7 Fab, and was left standing over 2-3 days at
4°C. The complex was concentrated to 5 mg/ml, and crystals
were grown from 22% PEG3350 solutions in 200 mM Tris-HCI
(pH 7.4) and 0.1% NaN3 at 20°C by using vapor diffusion in
hanging drops. The drops were made up by mixing equal
volumes of protein and well solutions. A total of 414,722
observations were made on seven crystals (average size
0.3 X 0.4 X 0.4 mm) on a Siemens X1,000 multiwire area
detector (Siemens, Madison, WI) at room temperature and
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was reduced to 81,111 unique reflections by using XDS (13).
Space group was determlned tobe P1witha = 76.6 A, b = 89.1
A, c=893A, a=100.7°, B = 115.3° and y = 95.3° with one
complex molecule in the cell yielding a solvent content of 69%.
Merging statistics are presented in Table 1.

The structure was determined by molecular replacement
with data between 8 and 4 A that had I > 2al, by using
AMORE (14) as implemented in CCP4 (15). Search models
were derived from the native structure (4) for TaqP and from
the structure of unliganded TP7 (3) for the Fab. Rotational
solutions were obtained separately for pol and nuc domains of
TaqP and for TP7. The highest rotation peak for TP7 was
chosen arbitrarily to fix the origin as it had the largest
signal-to-noise ratio with a correlation coefficient of 15.0 (next
highest = 8.9), and relative translation vectors for the other
two parts were obtained independently. Correlation coeffi-
cient for pol was 19.7 (next highest = 11.4), and the R-value was
44.2% (next lowest = 46.4). Corresponding parameters for nuc
were 18.8 (12.6) and 44.7 (48.3). Internal consistency was
verified by keeping pol, nuc, TP7 + pol, TP7 + nuc, or pol +
nuc fixed in turn and finding self-consistent relative translation
vectors for other components of the complex In every case, the
top peak was the correct solution. The maximum rms deVlathIl
(rmsd) from respective initial translation solutions was 2.4 A.
Translation results were confirmed by using the T2 and phased
translation function calculations in CCP4. The molecular
replacement solution was verified independently in XPLOR
(16).

Refinement with XPLOR, using the Engh and Huber param-
eter set (43), used reflectlons from 8 to 2.3 A with I > 201; the
magnitude of “wa” was set by the check procedure. All model
building used O (17). Cross validation with free R-values (18)
used 5% (4,080) of reflections chosen randomly over 8-2.3 A.
Patterson correlation refinement (19), as well as rigid body
refinement with the elbow angle for Fab varied from 130° to
180°, indicate that there was a substantial change in this angle
relative to unliganded TP7. Using a TP7 model with an elbow
angle of 146° (compared with 154° for unliganded TP7) gave
the lowest R-value of 0.420. This model for TP7, along with the
enzyme model from the initial translation function solution,
was refined as a collection of six segmented rigid bodies
(variable and constant domains of heavy and light chains of
TP7, nuc, and pol domains for TagP), resulting in an R-value
of 0.365 for data between 8 and 3 A. Refinement, using the
slow cooling simulated annealing protocol (16), and model
building into segment deleted 2fo-fc, 3fo-fc, and fo-fc maps
with SIGMAA-welghted (20) coefficients against the 2.3-A data
set resulted in a crystallographic R-value of 0.263 and a free
R-value of 0.326. Residues in the TaqP-Fab interface were
built into Bhat omit maps (21) as were residues 280-310 in
TaqP, connecting the pol and nuc domains. Restrained B
factor refinement, a limited search for solvent molecules
(around the pol domain and Fab), followed by positional

Table 1. Data measurement and refinement

Resolution,

A Reflections®  Rmerge!  (I/o(I))  Reryst?  Riree?
37.0-4.2 95.2 0.047 123 0.185  0.247
42-33 90.3 0.050 11.4 0.169  0.243
3.3-29 90.2 0.066 12.8 0.170  0.237
2.9-27 90.7 0.065 10.2 0.187  0.257
2.7-2.5 87.5 0.083 9.7 0218  0.279
2.5-23 75.9 0.122 8.0 0250  0.309
All 82.0 0.074 8.2 0.189  0.253

*% measured with I > 20([).

= — D)/l

3 |Fo — F|/2F,.

SFor 5% of observed reflexions (4,080) chosen at random over
8-2.3 A.
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refinement at 2.3 A resulted in the final crystallographic

R-value of 0.189 and free R-value of 0.253. Crystallographic

and free R-values as a function of resolution are in Table 1.

RESULTS & DISCUSSION

A portion of the electron density map, with the refined model
of a part of helix I superimposed, is shown in Fig. 1. Electron
density in maps was not clear enough to place residues 792-796
of TaqP as well as atoms beyond CpB for residues 483-489.
Residues 1-4 in the heavy chain of TP7 also could not be
positioned unambiguously; density for atoms beyond CpB for
K38 in the light chain was likewise not present. The current
model includes 1,246 of 1,255 protein residues and 263 solvent
molecules modeled as water oxygens. Only one water molecule
is close to the binding interface, mediating an interaction
between Y103-OH in the heavy chain and N583 O in TaqP.
N583 is aligand to DNA in a reported TagP-DNA complex (6).
Analysis using PROCHECK (22) indicates that conformational
parameters are within limits expected for a structure refined at
23 A with 2.2% of residues in disallowed areas of the
Ramachandran (44) map. rmsd is 0.01 A for bond lengths, 1.6°
for bond angles, 1.7° for improper angles, and 4.7 A? for B
factors between bonded atoms.

Structure of the Complex. The overall structure of the
complex reveals a TP7 Fab conformation close to its unligan-
ded form. Larger but highly localized changes are evident in
TaqP. Superposition (45) of the pol domains from the native
(4) and complexed structures (441 common Ca atoms) shows
that the backbones of the two in regions far from contact with
the Fab are very similar with an rmsd of 0.8 A. Folding of the
nuc domain is also very similar (rmsd of 0.6 A for 187 Ca
atoms) to that reported (4), although its orientation relative to
the pol domain is remarkably different (Fig. 24). A 168°
rotation of the nuc domain about an axis passing through the
centroids of the vestigial editing nuclease (v-edit) domain and
the thumb subdomain, with a concomitant unwinding and
reorientation of several residues in the connector region
(residues 280-310), places the nuc domain in contact with
some of the helices in the fingers subdomain. This new
orientation of the domain brings the nuc active site to within
38 A of that of pol and implies that the connector region is
highly flexible allowing, the nuc and pol domains substantial
range in relative disposition. However, this alternate orienta-
tion of the nuc domain in TaqP, like that in the other reported
structure of the enzyme (4), does not provide an obvious
structural basis for the current model for primer excision and
nick translation by TaqP. The geometric relationships postu-
lated for the DNA-structure-specific nature of substrate rec-
ognition by the nuc domain are not satisfied by either of the
two structures (ref. 23 and V. Lyamichev, personal commu-
nication).

The cause of the rearrangement of the nuc domain is, at
present, obscure. It is possible that reorientation of the nuc
domain in the complex has been caused by the Fab binding
because many close contacts between residues 260-290 of the
nuc domain and residues 1L-26L of the Fab result when the
former is placed in the same relative orientation to the pol
domain as in the native structure (4). It is also equally likely
that the reorientation is spontaneous. Radius of gyration
measurements imply a different, more compact configuration
for TaqP (4), and, in the structure of TaqP determined in a
different crystal form (ref. 7 and H.M.K.M., unpublished
results), although folding of the pol domain is almost identical
(Ca rmsd of 0.7 A) to native, the nuc domain is present in the
same orientation as it is in this complex in the absence of any
ligands.

Structural Changes on Complex Formation. Distinctly vis-
ible changes in both antigen and Fab accompany complex
formation. The biggest change in the Fab at the domain level
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Fic. 1. Electron density map with refined model superimposed. Shown is a stereo representation of a 2F, — F. map, contoured at 1.1 o. Phases
were generated by removing residues 520-560 in TaqP and refining the structure for 40 cycles with tight geometric restraints. Final refined model
for residues 540-550 in TaqP is superimposed. All residues are labeled. The figure was made by using SETOR (47).

is a decrease in elbow angle from 154° in the unliganded Fab
to 146° in the complex. Changes in elbow angle of this and
larger magnitude have been observed in other cases (8, 9).
There is currently no evidence that such changes necessarily
are correlated with ligand binding (8-10). There is little
change in the orientation of Vg relative to Vi, domain com-
pared with unliganded TP7. The complementarity-determin-
ing region (CDR) loops in the L chain and H1 and H2 are close
to canonical conformations they have in unliganded TP7 (3).
rmsd for 59 frame-work Ca atoms in the Vi domain between
unliganded and liganded TP7, after superposition [using res-
idues 1-21, 36—44, 62-88 and 99-110, numbered according to
Kabat (24)], is 0.8 A. rmsd for 65 Cer atoms in the Vi domain
(using residues 5-28, 36—48, 68—87 and 107-110) is 1.1 A.
Changes in the CDRs of the Fab, using the above superposi-
tion, are at the low end of those observed in other Fab-antigen
complexes (8). rmsd for all atoms of CDRs from their positions
in unliganded TP7is 1.6 A, with Y96H and Y99H showing the
largest mainchain and sidechain deviations of 2.7 and 4.6 A
respectively. There is also a large (3.2 A, mainchain) movement
of framework residue Thr 87H.

Much larger changes are seen in regions of TaqP contacted
by the TP7 Fab. There are several segments of TagP mainchain
that show >2-A rmsds between the native and complexed
forms of the enzyme (Fig. 2 a and b). These segments are
distributed among the v-edit, thumb, and palm subdomains of
TaqP; residues 386-408 in the v-edit domain (zone 1, Fig. 2a);
residues 418-514 (zone 2) and 520-555 (zone 3) in the thumb
subdomain; residues 580—590 (zone 4) in the palm subdomain;
and residues 714-736 (zone 3) in the fingers subdomain. The
largest mainchain rmsd (7.5 A) is shown by residue Tyr 545 in
helix I of the thumb. All zones except the third are close to their
native conformations (Fig. 2a) but are displaced relative to the
centroid of the pol domain. By using Ca atoms of residues
316-820 to calculate the mass-weighted centroid of the native
pol domain, differences in rms distances of Ca atoms of each
of the zones between complex and native are 0.2, 1.3, 0.6, —0.5,
and —0.3 A, respectively. Except for the second zone, all are

relatively small. Larger movement of zone 2 appears to be
triggered by changes in zone 3, especially those in residues
527-552 that form the large helix I in native TaqP (4).

In the complex, residues 540-542 and 543-545 form two
successive y turns (25). A result of this unwinding is an increase
in inter-residue distances in this region of TaqP. Overall length
of helix I (Ca distance) has increased from 36.7 A in native to
39.2 A in the complex. There are even larger changes at the
carboxyl terminus of helix I (for example, residue 544 to
residue 551, which is 12 A in native and is 18 A in the complex),
which are attenuated at the ends of the helix by looping out of
residues 540-543. Movement of zone 2 away from the centroid
appears, in part, to be an adjustment of the structure to
accommodate this increase in length. B factors for residues in
helix I are not significantly higher than those for other parts of
the structure in either of two native pol domain structures
reported (4, 5) or in this complex.

Interactions Stabilizing the Complex. Fig. 3 shows an overall
view of the complex, and Fig. 4 shows a detailed view of the
TaqP-TP7 interface. As observed in other Fab-antigen com-
plexes, a mix of favorable (27) van der Waals contacts (Table
2 and Fig. 4) and hydrogen bonds between the CDRs of the
Fab and TaqP stabilize the complex. Residues contacted in
TaqP are drawn from the thumb (mainly helix I), fingers, and
the v-edit subdomains. The Fab interface with helix I is
predominantly hydrophobic whereas that with the v-edit do-
main is rich in hydrogen bonds; there are no salt links. A total
of 17 residues from five CDRs and 4 frame-work residues of
TP7 make 43 favorable van der Waals contacts and an
additional 28 hydrogen bonds with 27 residues in TaqP (Table
2). The CDRs are not involved equally, with 13 residues of
CDRs H3, H2, and L2 providing a total of 32 van der Waals
contacts and 22 hydrogen bonds whereas CDR H1 provides
none. The complex buries 1,705 A2 of solvent accessible area
(46), using a probe radius of 1.6 A, compared with separated
components in the same conformation (Table 2), with TP7
contributing 814 A? and TaqP contributing 891 A2
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F1G.2. Changes in TaqP on complex formation. (a) Superposition
of the Ca drawing (gray ribbon) of native TaqP (4) with that (pink) of
the enzyme in the complex. Polymerase (pol) and structure-specific
exonuclease (nuc) in native structure are labeled. New orientation of
the nuc domain shown is highlighted in blue. Zones of residues showing
a mainchain rmsd >2.0 A in the complex are labeled 1 through 5.
Residues 527 to 552 in helix I are highlighted in red. (b) Expanded view
of changes in Helix I. A Ca ribbon drawing of helix I in native TaqP
(gray) is superimposed over that in this complex (red). The figures
were made with GRASP (48).

Evidence obtained from solution state studies (28) on
binding to and inhibition of TaqP by TP7 has indicated strongly
that the Fab binds to regions of TaqP involved in DNA binding.
A minimally biased modeling study reported recently (3) also
has suggested that the most likely regions of TaqP contacted
by TP7 CDRs are regions corresponding to helix I in the thumb
subdomain and several other residues in the palm subdomain

F16.3. Opverall View of the complex. Ca ribbon drawings of the pol
domain (magenta), with the V-edit subdomain colored orange, and
light (green) and heavy chains (cyan) are shown. Residues 540-550 in
the helix are colored yellow. The figure was made with GRASP (48).
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and the v-edit domain. TP7 in the complex binds within the
DNA binding cleft of TaqP, recognizing an extremely complex
epitope assembled from the thumb, fingers, and the v-edit
regions of the enzyme (Table 2 and Fig. 4). Of the 24 residues
in TaqP contacted by TP7 in the complex, 11 were identified
as potential contacts in the docking study. The modeling study
used a rigid body docking procedure (29) and was therefore
unable to anticipate the large changes resulting from complex
formation.

It is not clear whether there is any functional significance to
the change in conformation of helix I associated with its
binding to DNA. We note, however, that several residues from
this region provide ligands to DNA, and potential flexibility
here might be advantageous in the process of recognition and
stable complex formation although intermediate states may
not necessarily be visible in the final enzyme-DNA complex
determined crystallographically. Structural and functional
studies on DNA polymerases (26) have demonstrated that
parts of these enzymes are mobilized by the stimulus of DNA
binding. But no significant changes have been observed in the
regions corresponding to the residues (540-548) that have the
largest change in conformation in the present complex, al-
though these residues provide some ligands for DNA binding.
Changes that accompany DNA binding (6) are in a section of
residues (480-515) that are closer to the N terminus of helix
I (nearer the tip of the thumb) than to its carboxyl terminus.

Factors Responsible for Change in Conformation. It is
evident that TaqP in the complex with TP7 is present in a
conformation that is different from that adopted by the
enzyme alone. It is also clear that there is comparatively little
change in the conformation of TP7 from its unliganded form
(3). In light of these two observations, and the fact that no
additives capable of inducing conformational changes were
used in crystallization, the changed conformation of residues
in helix I in the complex can be attributed to a limited number
of factors. One idea is that the antibody was elicited in vivo
against an altered form of the native enzyme. In this model,
features particular to the way the antigen is presented to the
immune system, such as the adjuvant or some unanticipated
reaction in the immunized mouse, lead to the selection of
antibodies that recognize a subtly altered form of the enzyme.
From this point of view, reactivity with native enzyme is
essentially cross-reactivity, and structural accommodation on
interaction with the antibody is the adoption by the enzyme of
a conformation that otherwise would be disfavored. From
extensive work on mAbs against 7. zostericola myohemerythrin
it has been suggested that a substantial fraction of antibodies
are directed against such altered native forms of proteins (11,
32-34).

A second and related model is induced fit. It is conceivable
that TP7 initially cross-reacts with native TaqP and coerces the
enzyme residues into their conformation seen in the complex
in a multistep process. In this model, the antibody is selected
in vivo for reactivity with native enzyme, and it so happens that
the selection is favored even though structural adaptation by
the enzyme is required for high-affinity binding from an
initially lower affinity complex. The property of induced fit or
antibody-induced conformational change in the antigen has
been suggested for some neutralizing antibodies against polio
virus (42) and for several antibodies against Escherichia coli
B-galactosidase (36). At present, there is no evidence from
solution state studies (2, 28) for a multistep interaction in the
present case. Nevertheless, if antibody-induced distortion is a
step in complex formation, the marginal conformational sta-
bility (see below) of residues 540-545 in helix I would facilitate
it.

A third model is that the native enzyme continually is cycling
among several similarly probable conformers and that the
antibody selectively stabilizes one and perturbs the equilibrium
distribution of species toward the stabilized conformer. Com-
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F1G. 4. Stereo view of the TaqP-TP7 interface. Parts of Ca ribbons of the pol domain and TP7, color coded as in Fig. 3, are shown. Side-chain
atoms of all residues listed in Table 2 are shown as stick drawings. Carbon, nitrogen, and oxygen atoms of the sidechains are colored gray, blue,

and red respectively. The figure was made with GRASP (48).

putational and experimental studies have shown that proteins
are flexible entities that constantly undergo several kinds of
motion in solution, including helix—coil transitions (35). In this
view, TP7 might be directed against a form of TaqP in which
helix I occupies just one of the ensemble of nonhelical con-
formations dynamically available to the helix in solution.
Ability to selectively bind one conformer in thermodynamic
equilibrium with others with consequent shift of equilibrium in
favor of the recognized conformer has been proposed for some
antibodies against B-galactosidase (36). Catalytic antibodies
directed against transition state analogues (37), structures of
some of which are known (38-40), are capable of behaving in
precisely this fashion.

Analysis of sequence in helix I (527-552) in terms of helix
propagation propensity values of Scheraga (41) indicates that
residues 540-545 might be the least stable members. By using
a five-residue sliding window and tabulated propensity values
(35), residues 540-545 have average propensity values that are
5-10% smaller than other residues. Residues 548 and 550 are
prolines that are known to severely compromise helix stability,
suggesting that helix I, as a hydrogen bonded entity, terminates

Table 2. Interactions in the complex and buried surface area

at residue 547. As a consequence, residues 544 and 545, two of
four terminal residues at the carboxyl end of the helix, make
fewer backbone hydrogen bonds than residues in the body of
the helix. Thus, extrahelical interactions being comparable, the
combination of above factors predisposes this portion of helix
I toward unwinding. Because only the end result is visualized
in this crystal structure, it is not possible to choose definitively
between the several models proposed on the basis of currently
available data.

Mode of Inhibition and Basis of Preference for Thermus
Polymerases. Solution state experiments (2, 28), besides indi-
cating strongly that TP7 binds to DNA recognition and binding
regions of the enzyme, also have provided evidence that,
although the Fab recognizes other polymerases from Thermus
species, it does not recognize those from other, more distantly
related species tested. Our docking study (3) provided a
probable structural interpretation of both of these activities of
TP7. The structure of the complex provides definitive struc-
tural evidence for conclusions derived from those studies.
Residues 485, 539, 543, 568, 575, 577, 580, 583, 745, and 750 of
TaqP make stabilizing interactions with the template strand of

Number of van Buried
der Waals contacts surface
CDR* Residues contacted in TagPt (Number of H-bonds) area, A2

L1 (Y32 Y34) Y545 P548 D547 5(1) 41
L2 (D50 L54 G56) E471 R536 1546 3(3) 83
L3 (S91 S92) R313 K314 2(2) 64
H1 None 0(0) 9
H2 (S53 T55 T56 D57 K63 S64) S383 T385 T386 E388 E397 W398 A568 A570 R728 10 (15) 184
H3 (G98 Y99 W100 Y101) S515 K542 S543 Y545 N580 15 (4) 128
FRAME (L46L Y49L V58L W105H) P481 L1484 N485 K511 R512 T544 Y545 8(3) 305
All 43 (28) 814

*Numbered according to Kabat (24). Residues making contacts are in parentheses.
TResidues shown to contact DNA in a TagP-DNA complex (6) are shown in bold type.

¥Calculated by using a 1.6-A probe radius.
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DNA in a reported TaqP-DNA complex (6). Of these, the Fab
in the present complex makes either van der Waals contacts or
hydrogen bonds with residues 485, 543, 568, 580, and 583.
Similarly, TP7 makes stabilizing interactions with residues 515,
516, 536, and 540, which contact the primer strand of DNA. It
thus seems clear that the ability of TP7 to compete with
primer:template complex in binding to TaqP has its origins in
its recognition of and binding to TaqP residues involved in
interacting with DNA. Its inhibitory capability is obviously a
consequence of its abolition of primer:template complex bind-
ing to the enzyme.

TP7 also interacts with some residues in the 383-397 region
in the v-edit domain of TaqP (Table 2, Fig. 4). Taken together,
the interactions with the pol and v-edit domains provide a
structural rationale for the inability of TP7 to recognize other
bacterial polymerases such as E. coli DNA polymerase I. The
sequences of TaqP and E. coli DNA polymerase I in the v-edit
region are completely different; the sequences in the respective
pol domains in the region of interaction are also significantly
different, although the changes are largely chemically conser-
vative (3). These differences are undoubtedly the reason for
nonrecognition of E. coli protein by TP7.
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