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Abstract

Assembly line polyketide synthases (PKSs) are large multimodular enzymes responsible for the
biosynthesis of diverse antibiotics in bacteria. Structural and mechanistic analysis of these
megasynthases can benefit from the discovery of reagents that recognize individual domains or
linkers in a site-specific manner. Monoclonal antibodies not only have proven themselves as
premier tools in analogous applications but also have the added benefit of constraining the
conformational flexibility of their targets in unpredictable but often useful ways. Here we have
exploited a library based on the naive human antibody repertoire to discover a F4, (3A6) that
recognizes the terminal thioesterase (TE) domain of the 6-deoxyerythronolide B synthase with
high specificity. Biochemical assays were used to verify that 3A6 binding does not inhibit enzyme
turnover. The co-crystal structure of the TE-3A6 complex was determined at 2.45 A resolution,
resulting in atomic characterization of this protein—protein recognition mechanism. Fg, binding
had minimal effects on the structural integrity of the TE. In turn, these insights were used to
interrogate via small-angle X-ray scattering the solution-phase conformation of 3A6 complexed to
a catalytically competent PKS module and bimodule. Altogether, we have developed a high-
affinity monoclonal antibody tool that recognizes the TE domain of the 6-deoxyerythronolide B
synthase while maintaining its native function.
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Assembly line polyketide synthases (PKSs) are multifunctional enzymes that catalyze the
biosynthesis of many natural products by channeling reactive intermediates through a unique
sequence of enzymatic active sites.12 For example, the 6-deoxyerythronolide B synthase
[DEBS (Figure 1A)] synthesizes the macrocyclic core of the antibiotic erythromycin via
sequential actions of 22 enzymatic domains.3# These domains are organized into six chain
elongation “modules” flanked by a loading didomain that promotes chain initiation and a
thioesterase (TE) domain that catalyzes chain release.> Thus, the architecture of DEBS
somehow establishes a unique pathway for channeling the growing polyketide chain through
a sequence of active sites, as it is elaborated into 6-deoxyerythronolide B. Throughout this
catalytic cycle, the chain remains covalently bound to individual acyl carrier protein (ACP)
and ketosynthase (KS) domains via thioester linkages.® One can reasonably assume that a
subset of the ~30 domains of DEBS must exhibit considerable conformational flexibility in
the context of this remarkable catalytic cycle, although such flexibility has never been
visualized, nor is its mechanistic basis well understood.

To facilitate analysis of DEBS with an eye toward the challenges described above, we have
sought to develop tools for enhanced visualization of this assembly line (or parts thereof) on
varying length and time scales. Monoclonal antibodies are powerful reagents for such
applications.” 10 In particular, F, (fragment antigen-binding) antibodies are known to form
rigid complexes with their antigens.® Using a phage display library based on the naive
human antibody repertoire, we recently reported the discovery of a Fy, (1B2) that trapped a
target PKS module in a previously characterized conformation.11.12 |solation of 1B2 proved
to be invaluable in addressing the catalytic relevance of this module conformation. Building
on that successful example, we also sought an antibody against the TE domain of DEBS.
Here we describe the results of these efforts.

EXPERIMENTAL PROCEDURES

Cloning, Expression, and Purification of DEBS Proteins.

DEBS proteins or derivatives thereof were expressed in Escherichia coli and purified
according to previously described protocols.5:11-14
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Fab Selection and Verification.

Fap selection was performed using a fully human naive F, phage display library.1® Library
panning was performed according to previously described protocols.1:16 DEBS module
3+TE was first lightly biotinylated with NHS-PEG,-biotin reagent (EZ-Link). The extent of
biotinylation was quantified with a HABA kit (Pierce) and controlled to be slightly less than
one biotin per protein to minimize disruption of enzyme function. The target was then
immobilized on streptavidin-coated magnetic beads and panned against the library for three
rounds. The resulting clones were grown, and culture supernatants were screened for binding
with an enzyme-linked immunosorbent assay (ELISA). Positive clones were used for further
analysis.

Expression and Periplasmic Extraction of Fp,.

F.p was produced following a previously described protocol.1:17 The 3A6-encoding
phagemid was introduced via transformation into £. co/i BL21(DE3). Cells were grown in
2xYT with carbenicillin (100 g/mL) and 0.1% (w/v) glucose at 37 °C and 250 rpm until the
ODgqg reached 0.6-0.8. The cultures were then cooled to 20 °C, induced with the addition of
1 mM isopropyl B-D-1-thiogalactopyranoside, and shaken for an additional 12-14 h at 180
rpm. The bacteria were pelleted by centrifugation at 6300g for 10 min. Periplasmic
extraction was performed by first resuspending cells in TES buffer [0.2 M Tris (pH 8.0), 0.5
mM ethylenediaminetetraacetic acid (EDTA), and 0.5 M sucrose; 20 mL/L of pellet] for 2 h
at 4 °C under stirring. Then 20 mL of deionized water was added. The solution was stirred at
4 °C for a further 1 h, and the insoluble fraction was pelleted at 25000g. The supernatant,
supplemented with 2 mM MgCl, and 10 mM imidazole, was then incubated overnight with
2 mL of Ni-NTA resin. The Ni-NTA resin was then washed with 5 column volumes (CV) of
wash buffer | [250 mM NaCl and 50 mM Tris (pH 8.0)] followed by 5 CV of wash buffer I
[20 mM imidazole, 500 mM NaCl, and 50 mM Tris (pH 8.0)], and the F,, was eluted with 3
CV of elution buffer [500 mM imidazole, 100 mM NaCl, and 50 mM Tris (pH 8.0)]. The
pooled eluent was concentrated to 500 gL and polished on a Superdex 200 10/30 column
(GE Healthcare) in 10 mM HEPES and 250 mM NaCl (pH 8.0) (SEC buffer). The Fy
concentration was quantified by the BCA assay (Pierce).

Enzymatic Assays.

Assays for measuring the steady-state rate of polyketide synthesis were performed as
previously reported.® Briefly, 2 M DEBS proteins (LDD, M1, M2, and M3+TE) with or
without 2.5 M 3A6 were added to 400 mM sodium phosphate (pH 7.2) containing 5 mM
TCEP, 10 mM MgCl,, 2 mM coenzyme A, and 2.5 mM ATP. Enzymes MatB (malonyl-CoA
synthetase, 2 M) and methylmalonyl-CoA epimerase (4 M) were included to convert
methylmalonic acid into racemic methylmalonyl-CoA.18 The reaction rate was monitored at
340 nm using a Lambda-25 ultraviolet-visible spectrophotometer (PerkinElmer).

Crystallization.

The F,,—TE complex was produced in a manner similar to a previously reported procedure.
11 3A6 and TE were mixed in a 1:1 ratio for 60 min at 4 °C, followed by purification using a
Superdex 200 10/300 size exclusion chromatography (SEC) column (GE Healthcare) pre-
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equilibrated with SEC buffer. Fractions corresponding to the complex were pooled and
concentrated to 4.6 mg/mL. Crystals (space group AHj,) were obtained by combining 0.15 /L
of protein with 0.15 gL of screen [200 mM NayHPQOy4, 20% (w/v) PEG 3350, and 15% (w/v)
ethylene glycol] at 22 °C. Crystals were grown for 5 months and harvested by direct
immersion in liquid N, without extra cryoprotectant. Data were collected on BL12-2 at the
Stanford Synchrotron Radiation Lightsource (SSRL) at 100 K and processed with XDS.19

The structure of the Fa,—TE complex was determined by MOLREP.20 After a number of
unsuccessful attempts, the structure was determined by first fixing the TE domain [Protein
Data Bank (PDB) entry 1MN621] and performing a heteromultimer search by
simultaneously searching for the N-terminus [residues 1-112 (chain A) and 1-130 (chain
B)] and C-terminus [residues 115-217 (chain A) and 135-230 (chain B)] in the anti-CMV
F.p fragment (PDB entry 4LR122). A rigid-body refinement at 3.0 A using the resulting
complex gave an R factor of 43%. The resulting structure went through model building
cycles involving ARP/Warp,23 Buccaneer,24 and a number of manual model building cycles
using COOT.2® The later stages of refinement were carried out using PHENIX.26 Water
molecules were located by manual inspection of the 2/, — /; and ~, — £ electron density
maps. The final refined model converged with Ryork and Ryree Values of 17.5 and 23.5%,
respectively. Coordinates were analyzed for all-atom contacts and correct geometry using
MolProbity,2” and the final coordinates were deposited in the Protein Data Bank as entry
6MLK.

Tandem Size Exclusion Chromatography and Small-Angle X-ray Scattering (SEC-SAXS).

RESULTS

SEC-SAXS analysis was performed on Bio-SAXS beamline BL4-2 at SSRL following a
previous protocol with slight modification.11:12 The experimental setup and structural
parameters are summarized in Table 2.

For the M3TE-3A6 and DEBS3-3A6 complexes, the F5, and the PKS homodimer were
mixed at room temperature for 60 min in a 1.2:1 stoichiometry and then passed through a
Superose 6 Increase 3.2/300 column (GE Healthcare) equilibrated with 200 mM sodium
phosphate (pH 7.6) at a rate of 0.04 mL/min. Importantly, all SEC-SAXS experiments were
performed in the buffer defined above, because maximum PKS activity critically depends on
the presence of such a high phosphate concentration. In-line SAXS analysis was performed
as the eluted complex passed into the detection capillary.

The quality of the data was carefully assessed, and the theoretical scattering curves were
computed from alternative structural models using CRYSOL.28 In turn, these scattering
curves were compared to experimental data (Figures 7 and 8).

Discovery of an Antibody against the TE Domain of DEBS.

Module 3+TE is a 372 kDa homodimeric protein comprised of the complete module 3 of
DEBS fused to the terminal TE domain of this assembly line PKS (Figure 1B).6 This protein
was purified to homogeneity, lightly biotinylated (approximately one biotin substituent per
monomer), immobilized on streptavidin beads, and used to select Fp, from a large phage
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display library of 3.7 x 1010 F, fragments from the naive human antibody repertoire, as
described previously.24 The overall process yielded multiple, high-affinity clones against the
target protein, one of which was shown to selectively bind to the stand-alone TE protein.
This F,, was designated 3A6, and its identity was established by DNA sequencing.

Binding Affinity Measurement.

Quantitative ELISA analysis of 3A6 against module 3+TE [M3+TE (Figure 2A)] and the
stand-alone TE domain (Figure 2B) demonstrated that the antibody bound to both proteins
with a comparably high affinity (Kp values of 42 + 12 nM for M3+TE and 13 = 2 nM for the
TE alone). The affinity of the F,, for the stand-alone TE was further verified by biolayer
interferometry (FortBio Octet RED384) (Figure 2C; Kp = 16 = 0.1 nM, ko, = 0.3 g1 571,
kot = 4.8 x 1073 s71). SEC analysis further verified the stability and homogeneity of the
3A6-TE complex (Figure 3A), while sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS—-PAGE) of the SEC peak fraction confirmed stoichiometric co-elution
of both 3A6 and TE (Figure 3B). The molecular weight (MW) of the complex was estimated
to be 240 kDa via SEC analysis, suggesting that 3A6-TE likely exists as a dimer in solution
(calculated MW = 178 kDa).

Effect of 3A6 Binding on the Catalytic Activity of the TE Domain.

The structurally characterized TE domain of DEBS receives its acyl chain substrate from the
ACP domain of module 6 and catalyzes polyketide chain release via concomitant
macrolactonization.321:30 To evaluate the effects, if any, of 3A6 binding on these catalytic
properties, the antibody was added to a previously developed steady-state turnover assay of
the trimodular truncated derivative of DEBS (Figure 1B).6 Here, TE is indispensable for
PKS turnover, because in the absence of this domain, product release occurs at an
insignificantly low rate. At 2 zM concentrations of each of the four homodimeric PKS
proteins in this assay, addition of excess 3A6 (2.5 M) had no measurable effect on steady-
state turnover kinetics (Figure 4). Thus, we can conclude that 3A6 binds to the TE domain in
a manner that does not adversely affect the biosynthesis of tetraketide lactone by the
trimodular construct.

X-ray Crystallographic Analysis of the 3A6-TE Complex.

Co-crystals of the 3A6-TE complex were grown from SEC-purified protein, as described
above. Crystals belonged to hexagonal space group /s, and diffracted to 2.45 A resolution
(Table 1). The structure was refined to Ryork and Ree Values of 17.5 and 23.5%,
respectively. The atypically high B factor was likely due to a less stable crystal, in part
because of radiation decay and also a reduced level of crystal packing.

As seen in Figure 5A, each asymmetric unit contained one copy each of the F4, and the TE.
Antibody 3A6 was bound principally through extensive hydrogen bonding to a structured
region on the TE surface (Figure 5B) that is distant from the previously reported tunnel
through which the substrate and product are thought to enter and exit, respectively, the active
site.21:29.30 \/ariable regions from both the heavy chain and light chain fragments contributed
to interaction with TE (Figure 5B,C). Its binding to the TE appeared to represent an example
of lock-and-key recognition, as no significant rearrangements were observed in the TE
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backbone as a result of 3A6 binding (Figure 6A; root-mean-square deviation of 0.359 A). In
particular, the catalytic triad (Ser142-Asp169-His259) of the TE was maintained in its native
geometry in the F4,-bound structure (Figure 6B,C). Because the native TE is homodimeric
in solution,21:29:30 the two protomers were related by 2-fold rotational symmetry. The
dimeric architecture was visualized through symmetry expansion and found to be
unperturbed by binding to 3A6 (Figure 5D). In the dimeric complex, the two copies of Fgy
were oriented at opposite ends of the TE homodimer and had no steric interaction with each
other.

Solution-Phase SEC-SAXS Analysis of Binding of 3A6 to Catalytically Competent Module
3+TE and DEBS3.

To directly correlate the findings described above from solution-phase (Figures 2—-4) and
crystallographic (Figures 5 and 6) analyses, we subjected different antibody—PKS complexes
to SEC-SAXS analyses under conditions affording high enzyme activity, using protocols
entirely analogous to those detailed previously.11:12 The SAXS data from each SEC peak
fraction were compared to theoretical scattering curves generated by CRYSOL based on
rigid-body docking of 3A6 to previously generated models of M3+TE (Figure 7) and the
bimodular DEBS3 (Figure 8). In each case, the experimental data showed good correlation
with the theoretically predicted scattering curves. A comparison of the log(/) versus q data
for M3+TE with and without bound 3A6 is shown in panels B and E of Figure 7,
respectively ( /1/2 =0.274 and y~ = 0.310, respectively); the corresponding Kratky plots are
shown in panels C and F of Figure 7, respectively. The 3A6-DEBS3 complex was also
analyzed via SEC-SAXS (Figure 8); again, a good correlation was observed between
experimental and simulated data (y? = 0.477). The overall statistics from SAXS analysis of
both constructs are summarized in Table 2. Together, these results verified that antibody
binding did not significantly alter the overall architecture of homodimeric PKS proteins
harboring the DEBS TE domain.

DISCUSSION

Assembly line polyketide synthases are remarkably complex multienzyme systems in which
the substrate that initiates polyketide chain growth is unidirectionally channeled across many
active sites, thereby undergoing a tightly regulated sequence of chemical reactions. The
exact mechanism of how this biosynthetic feat is synchronized over such a long distance
presents a major fundamental challenge in enzymology. From a structural biological
standpoint, one might expect a PKS assembly line to be inherently dynamic, thereby
rendering it as a challenging target for analysis at high resolution. Dissection of the
functional and structural details of assembly line PKSs warrants expansion of the current
toolbox for studying these systems.

Recombinant antibodies have been particularly useful tools for structural analysis of
complex protein systems.”10 We have therefore sought to discover, characterize, and deploy
antibodies to target specific regions of DEBS, a prototypical assembly line PKS. Using a
fully naive human-derived library displayed on phage, we discovered a monoclonal Fyp,
3A6, which is specific for the terminal thioesterase of DEBS with near nanomolar affinity.
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3A6 was shown to be a functionally neutral antibody with no detectable effect on enzymatic
turnover or protein conformation, as demonstrated by a series of biophysical experiments
and crystallographic analyses. Furthermore, SEC-SAXS analysis verified the lack of
structural perturbation on homodimeric unimodular and bimodular PKSs in the solution
phase. Thus, such an inert F4, could be potentially developed into a tool for dynamic
spectroscopic analysis or as a structural fiducial marker in electron microscopy.3! Together
with 1B2,11 we have put forth two valuable and orthogonal Fps for structural and
enzymological studies of DEBS. This discovery strategy is readily applicable to other
complex multidomain enzyme systems.
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Figure 1.

(A) Synthesis of 6-deoxyerythronolide B by DEBS. Abbreviations: ACP, acyl carrier
protein; AT, acyltransferase; DH, dehydratase; KR, ketoreductase; KR, inactive
ketoreductase; KS, ketosynthase. Whereas the loading didomain (LDD) and the first two
modules of DEBS occur within a single protein (DEBSL1) in nature, our in vitro reconstituted
system is derived from expressing and purifying the LDD and the two modules as separate
proteins. (B) The truncated trimodular derivative of DEBS exhibits all the properties of the
first three modules of this assembly line PKS. Fusion of the thioesterase (TE) domain to
module 3 results in the chimeric M3+TE protein and facilitates turnover of this truncated
PKS.6
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Page 11

Affinity of purified antibody 3A6 for its target proteins. (A) ELISA binding assay against
immobilized M3+TE of DEBS. The measured affinity of 3A6 for M3+TE is 42 £ 12 nM.
(B) Binding assay against the stand-alone TE domain. The measured affinity of 3A6 for the
TE is 13 £ 2 nM. (C) Association and dissociation of 3A6 (black, 300 nM; green, 100 nM;
red, 33 nM; cyan, 11 nM; orange, 3.7 nM; blue, 1.2 nM; brown, background without TE)

with biotinylated stand-alone TE was monitored on an Octet RED96 instrument. The
measured Ao = 0.3 M1 571 ks = 4.8 x 1073571 and Kp = 16 + 0.1 nM.
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Figure 3.

Size exclusion chromatography (SEC) analysis of the 3A6-TE complex. (A) The 3A6-TE
complex (green trace) showed a distinct elution profile on a Superdex 200 10/30 column
compared with that of unbound 3A6 (blue) or TE (red). The narrow width of the 3A6-TE
peak is consistent with its limited conformational flexibility. (B) Nonreducing SDS-PAGE
analysis of the 3A6-TE peak confirmed that it contained a 1:1 stoichiometric mixture of the
TE and the Fyp.
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3A6 does not inhibit the terminal thioesterase activity of the TE domain. The in vitro activity
of the truncated trimodular derivative of DEBS (Figure 1B) was assayed in the presence of 2
LM purified LDD, 2 M module 1, 2 ¢M module 2, and 2 xM M3+TE proteins. Turnover
was measured by monitoring NADPH consumption by absorbance at 340 nm, as described
previously.® The sample with excess 3A6 (red) showed a turnover rate (1.15 min~1) identical
to that of the reference standard (blue, 1.02 min™1).
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Figure 5.
Crystal structure of the 3A6-TE complex. (A) Each asymmetric structure contains one

monomer (blue) of the TE homodimer and 1 equiv of 3A6 (light chain colored red, heavy
chain colored dark red), confirming the 1:1 binding stoichiometry predicted by SEC analysis
(Figure 3). The N- and C-termini of the TE are highlighted as yellow and green spheres,
respectively, and the putative substrate tunnel is indicated by an arrow.13(B) Residues
involved in hydrogen bonding and ionic interactions at the antigen—antibody interface are
shown as sticks, and the intermolecular interactions are shown as dashed lines. The coloring
scheme is the same as that in panel A. The key interactions are as follows (TE =
thioesterase; LC = light chain; HC = heavy chain): TE_V27 backbone carbonyl with
LC_Y70 phenolic OH, TE_G29 backbone carbonyl with HC Y34 phenolic hydroxyl,
TE_D177 carboxylate with HC_N54 amide NH,, TE_E184 carboxylate with HC_G105
backbone amide, TE_E185 carboxylate with both HC_S104 hydroxyl and LC_Y53 phenolic
hydroxyl, and TE_M234 backbone carbonyl with LC N49 amide NH,.(C) Composite omit
map depicting the 2mFf, — DF; electron density of F5,—TE interface residues contoured at
the 1.50 level.26 (D) Global view of the dimeric TE-3A6 complex. The dimer was generated
by symmetry expansion. For the sake of clarity, one copy of the two protomers is shown as a
cartoon while the other is shown as a ribbon/surface.
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Figure 6.
3A6 binding induces minimal structural distortion in the TE structure. (A) Superimposed

structures of the TE from the antibody—TE complex (blue) and the TE alone (cyan, PDB
entry 5D3K39), The root-mean-square deviation = 0.359 A. (B) Close-up of the TE active
site, including the catalytic triad (Ser142, Asp169, and His259, shown as sticks), of the two
structures. (C) Composite omit map of active site residues contoured at the 1.5c level.28
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Figure 7.
Solution-phase SEC-SAXS analysis of M3+TE in the absence and presence of 3A6. (A)

Model of free M3+TE derived from prior SEC-SAXS analysis of this protein.1? Legend:
Fan, red; N-terminal docking domain and KS, green; KS-AT linker, cyan; AT, pink; KR,
yellow; ACP, orange; TE, blue. (B) Experimentally derived scattering data [log(/)—g plot] of
M3+TE showing a strong correlation (;(2 =0.274) to a CRYSOL simulation of the model
shown in panel A. (C) Comparison of the Kratky plot of M3+TE data to the corresponding
simulated curve. (D) Model of the 3A6—M3+TE complex generated by superimposing the
structure shown in panel A and the X-ray crystal structure shown in Figure 5. (E)
Experimentally derived scattering data [log(/)—g plot] of the 3A6-M3+TE complex showing
a strong correlation (y< = 0.310) to a CRYSOL simulation of the model shown in panel D.
(F) Comparison of the Kratky plot of data of the 3A6-M3+TE complex to the corresponding
simulated curve.
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Figure 8.
Solution-phase SEC-SAXS analysis of the bimodular DEBS3 protein bound to 3A6. (A)

Model of DEBS3 derived from prior SEC-SAXS analysis of this proteinl2 superimposed on
the crystal structure shown in Figure 5, thus generating a model of the 3A6-DEBS3
complex. The coloring scheme is identical to that in Figure 7A. (B) Experimentally derived
scattering data [log(/)—g plot] from the 3A6-DEBS3 complex showing a strong correlation
(12 = 0.477) to a CRYSOL simulation of the model shown in panel A. (C) Comparison of
the Kratky plot of the experimental data to the corresponding simulated curve.
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Crystallographic Parameters, Data Collection Statistics, and Refinement Statistics for the Antibody 3A6-TE

Complex (PDB entry 6MLK)

Crystallographic Parameters

space group

unit cell dimensions

Data Collection Statistics

resolution limits (A)
no. of observed reflections

no. of unique reflections

completeness (%) (overall/outer shell)

redundancy (overall/outer shell)

CCyy, (overall/outer shell)

Rsyma (%) (overall/outer shell)

I/ (overall/outer shell)

Hap

172.6 A, 172.6 A, 159.1 A, 90°, 90°, 120°

38.4-2.45
318276
33435
99.8/100
9.5/6.3
99.8/73.8

9.5/93.4

14.2/2.0

Refinement Statistics

resolution limits (A)
no. of reflections/%

no. of reflections used for Riee
b
Rwork (%)

Riee” (%)
model contents/average B (A2)
protein atoms (includes sugars)
ions
water molecules
Ramachandran
outliers/favored
root-mean square deviation
bond lengths (A)
bond angles (deg)

38.4-2.45
33432/99.8
1671

17.5

23.5

5231/70.7
1/85.6
65/64.0

0/96.1

0.009
1.029

®Reym = S\lavg - IHIS1j

b .
Rfactor = XI Ap — Apcalcl/ZFp, where Ap and Apcalc are the observed and calculated structure factors, respectively.

c . .
Rfree is calculated with 5% of the data.
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Table 2.
Summary of SAXS Data Collection and Analysis
M3TE M3TE-3A6 DEBS3-3A6
Data Collection Parameters
instrument SSRL BL4-2 SSRL BL4-2  SSRL BL4-2
type of experiment SEC-SAXS SEC-SAXS SEC-SAXS
defining slit size [H (mm) x {mm)] 0.2x0.2 0.2x0.2 0.2x0.2
detector distance (m) 25 25 25
detector Pilatus3 x 1M Pilatus3 x 1M Pilatus3 x 1M
beam energy (keV) 12.4 12.4 12.4
grange (A1) 0.0046-0.40 0.0046-0.40 0.0051-0.39
exposure time per frame (s) 1 1 1
no. of frames per data set 600 600 600
temperature (K) 293 293 293
SEC Parameters

SEC column Superose 6 Superose 6 Superose 6

Increase PC Increase PC Increase PC

3.2/300 3.2/300 3.2/300
amount loaded (nmol) 0.44-2.2 0.12-1.2 0.03-0.78
HPLC flow rate (mL/min) 0.04 0.04 0.04

Structural Parameters
/(0) from Guinier 83.826 +0.829 88.94+1.01 216.52 + 2.59
Ry (A) from Guinier 61.7 +0.89 68.3+1.13 87.9+1.42
/(0) from A(r) 84.22 89.44 217.20
Ry (A) from AD 62.56 69.30 89.59
Dhax () from An 207.52 228.76 295.92
Porod volume estimate (A3) 835000 1150000 2050000
Software Employed
primary data reduction SasTool SasTool SasTool
data processing PRIMUS PRIMUS PRIMUS
Curve Fitting Using an Atomic Model

software employed CRYSOL CRYSOL CRYSOL
grange (A1) 0.0068-0.20 0.0068-0.20 0.0055-0.15
predicted R, (A) 60.91 68.65 90.58
predicted Diay (A) 195.3 2313 3323
2 value 0.348 0.519 0.450
molecular weight from primary sequence (kDa) 371.4 475.8 772.6
molecular weight of atomic model (kDa) 374.9 467.7 774.5
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