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Protein dimerization has increasingly attracted the attention of 'H, ppm 'H, ppm

structural biologists recently as a cell regulatory mecharism,

i _15
an evolutionary step from monomeric to oligomeric protéiasd Figure 1. Fragments ofH—**N HSQC spectra of 0.24 mM (A) and

as a phenomenon which might severely complicate the inter reta-z'31 mM (B) CA0/82A barstar in 10 mM phosphate buffer (pH 6.5) at
P 9 Y P p 298 K. The sequence-specific assignm&nté cross-peaks are indicated

: S .
tlon.qf NMR structura and relaxatiofr (_jata. l\/_IonomeFdlmer by the single letter amino acid residue code and residue number. W53,
equilibrium constants are usually obtained via methods such aS0y55, F56 were assigned, and S89 was reassigned in this work. (B) Only

6_1na|ytica|_uItracentrifugatio?ldynamiC_|ight _S'Catterin@and pU|Se_ cross-peaks with concentration-dependent line width are labeled. Cross-
field gradient NMR® However, the dimer interface and associa- peaks broadened beyond detection are indicated by crosses.

tion—dissociation rate constants required for understanding the
dimerization mechanism and useful for rational protein design
cannot be obtained from these experiments.

This work suggests an alternative approaéhi—>N NMR
line-shape analysis, which provides a more detailed picture of
the dimerization process. A small globular protein, barstar, an
intracellular inhibitor of the ribonuclease barnase frBacillus
amyloliquefacienswas chosen as the model system. Barstar,
barnase, and their tight 1:1 complex are widely used as a model
for protein—protein recognition studies by protein engineering,
NMR, X-ray crystallography, and microcalorimetty.

In the previous NMR study, substantial line broadening for a
number of cross-peaks was observetHr-15N correlation spectra
of C40/82A barstar. This was explained by a conformational
exchange on thas to ms time scal& However, the number and
intensities of the cross-peaks strongly depend on the protein
concentration (Figure 1), that is self-association rather than
conformational exchange is responsible for the cross-peak broad
ening.

Chemical exchange between two sites of different Larmor
frequency has been well-studied by NN#R5The absorption line
shapel(w) in the case of exchange between monomer and

symmetric dimer can be derived from principles previously
outlined?® I(w) is a function ofAw — the difference in Larmor
frequencies of a nucleus in monomer and dimer st&gsand
Ry — effective transverse relaxation rates, respectively, for
monomer and dimer due to all mechanisms other than the
chemical exchangek,, and ky — dimerization and dissociation
rate constants, ard — protein concentratiorR,, andRy consider
not only pure transverse relaxation mechanisms such as dipole
dipole (DD) or chemical shift anisotropy (CSA) but also the effect
of magnetic field inhomogeneity, apodization procedure, and other
contributions to the line width.

IH—-15N sensitivity-enhanced HSQCspectra were recorded
at 298 K using 600 MHz Unity Varian spectrometer. The samples
contained C40/82A barstar at six concentrations between 0.24
mM (Figure 1A) and 2.31 mM (Figure 1B) in 10 mM phosphate
buffer (pH 6.5). As one can see in Figure 1, solide->N cross-
peaks demonstrate substantial line broadening with the increase
in protein concentration, while others remain practically un-
changed. The line widths at half-height’id and**N directions
were measured for all nonoverlapped cross-peaks at all concentra-
tions. Uncertainties of experimental line width were estimated
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Concentration, mM Figure 3. Sausage model of C82A barstar dimer as obtained by X-ray
Figure 2. ExperimentalH (opened symbols) antiN (filled symbols) crystallography® The radius of the sausage is proportional to the sum

line widths of W53 (squares), S59 (circles) and E57 (triangles), and Of Aw in *H and **N directions for corresponding residue. N and C
fraction of dimer molecules (inset) plotted versus barstar concentration. termini, barnase binding loop (P27-E32}helixes ands-strands are
Curves were obtained by nonlinear least-squares fit of experimental data.indicated. This figure was produced with the MOLM®lprogram.

o ] ] (2) helix a3, strandg32, 53 (Figure 3). Our data indicate, however,
directions. Model calculations showed a strong coupling between that broadening of cross-peaks in the second region is caused by
individual parameter®; andAw when the dimer content is less  parstar dimerization, and only the first one likely undergoes
than 50%, precluding simultaneous determination of these conformational exchange.
parameters. To avoid the coupling and to determine chemical shift ¢ s interesting to note that the dimerization interface is opposite

differencesAw, it is necessary to estimate individual relaxation (4 the barnase binding loop (P27-E32). A similar concentration
ratesRq. The main source of the difference betwdgnandRy is dependence of line widths for residues on the barstar dimerization

an increase in DD and CSA transverse relaxation rates due tOjnterface was observed in HSQC spectra of barstar-barmase
slower rotational diffusion of the dimer. AvailableN transverse

complex (data not shown). This fact points to a dimerization of
relaxation data for barsté&rshow about 1 Hz dispersion of plex ( ) P

. . ; the barstarbarnase complex.
transverse relaxation rates among nuclei for which no exchange

line broadening was observed. Moreover, when the dimer content Itis well-known that aggregation can severely compli
. , ! ; . .65“3
is less than 50%, the uncertainty Ry of 1 Hz causes less than NMR relaxation data analysis. For exampleven 10% of dimers

0.5 Hz uncertainty in theoretical line width. Thus. as the first in the monomer/dimer mixture would lead to significant errors
abproximation WeyuseRd — R, + Ay for 5N direction andRy in internal motion correlation times. and order paramete®

- N i 21
=R, + A, for *H direction, wherehy andA, were the common obtained by model free approat¥?! At the 2.0/3.5 mM barstar

fitting parameters for all resonances iiN and H directions concentration used in tHéN NMR relaxation study? the dimer
resp?acpt)ively ’ fraction is more than 30% (Figure 2). This explains the extremely

A total of 70 resonances ifH and 72 resonances iHN high values of& obtained in the study. Thus, the dimerization
directions were included in the fitting procedure. The following effects should be taken into account in any an.aly5|s of experi-
. - T mental data for both barstar and its complex with barnase.
values were obtainedky = 54 + 3 s, k, = 24.24+ 0.9 s! . ) . .
mM~% Ay = 15 + 1 Hz, andAy = 9.1 = 0.5 Hz. The It should be noted that information derived from line shape
analysis could be also obtained frofiN transverse relaxation
measurements for a set of protein concentratiddswever, the
latter approach is more time-consuming because several 2D
spectra have to be acquired for each protein concentration. Besides
| that, the proposed method allows to obtain’s for both **N
and!H directions from the same experimental data set.

uncertainties were calculated from corresponding deviations of

experimental data points from theoretical curves. Small errors for

Ay and Ay imply that the first approximation foRy is good

enough. The final loss function in least-squares mejftasl 154

for 645 degrees of freedom. The small standard deviation of al

parameters and loy? value confirm the assumption that barstar

forms a mixture of monomers and symmetric dimers, and heavier
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