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1. Introduction

Tobacco Mosaic Virus {TMY") is a rodlike particie
compased of coat protein and RNA. The coat srotein
consists of 2130 identical sebunits with mol. wit
17 500. These subuniis itselves are able to fonm well-
defined oligomers, such as trimers, double disks and
helices {i1. dependent on proiein concentration, pH,
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Recently 2 0.5 nm resolution three-dimensionai
model of the double disk is published, based cn an
X-ray diffraction study [2]. fFrom this model it is
seen that the single SH-group, which is present in the
protein subunit {3], is located at the side of the
subunit that has interaction with adjacent subunits
in the oligomniers.

In a previous paper spin labeled TMV protein with
maleimide spin label 1 attached to this SH-group is
the subject of a saturation transfer EPR study {4].In
this communication conventional EPR spin label

resulis are presented with TMV-protein that i; labeled
with malcimide spin labels with different cha'n length

(I and II}, given in fig.1. It is demonstrated th.at these

spin labels provide information about the diss >ciation-

association equilibrium of the spin labeled piroicin
subunits as a function of pll and monitor a confor-
mational change in the protein subunits above pH 2.5.

2. Materials and methods

TMV-proiein was fabeled with spin labels I and I1
as describad previously [4] . The lateiing was carried

caut in the presence of 4 M urez and was about 100%
for spin labeis T and IE. The spin labels were obtained

{rom Syva (Calif. (JSA).
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Fig.1. The structure or the maleimide spin labels I and 1.

EPK mecasuremenis were carried out on a Varian
E-6 specirometer equipped with variable temperature
controller. Protein samples were contzained in guartz
capiliaries {4]. The temperature was measured with
a copper-cotsiantan thermocouple and is accurate
within + 1°C.

For the EPR measurements the spin labeled
protein samples were dialysed at 4°C against water
{pHt 5.5) or approprizie buffers: 12 mM Tris—HCI
(pH 8.8), 12 mM NaHCO;—NaGH (plI 9.5) and
10 mM NaOH (pH 11.7}.

3. Resulis

Tygpical EPR specira of TMV.protein labeled with
spin labels [ and [1 aze shown in fig.2. The spectra
contain two components: A sharp three-line spectrum

arising from mobile spin iabels on the protein, super-

I71



Volume BS, numbér 1

/ pH 85
! 4 c

spin el T

/

15GAUSS

Fig.2. EPR spsctra of TMV protein labeled with spin labels ©
and II. Protein conceniration approx. 6 gfliter, in 12 mM
NaHCO,—NaOH buffer, pH 9.5 &, and /i, are the heights
of the low-field lines of the sharp and broad spectzal compo-
nents, respectively. The samples were contained in small
capiilaries. EPR conditions: frequency 9.12 GHz, microwave
power 50 mW, modulation amplitude 1.6 G, temp. 4°C.

imposed on a broad spectrum arising from immobi-
ijzed spin labels. The sharp spectral component of
thie longzst spin labe! If has a larger amplitude with
respect to the broad component than this component
of spin Jabel 1.

Below pH 9.5 the widths of the low and high-field
lines of the sharp spectral component are approxi-
mately equal for spin labels | en If and do not change
with pH. This also applies io the broad spectral com-
ponent. This means that the mobility of the mobile
and immobile spin labels remains constant and that
the amplitudes of the sharp and broad spectral com-
ponents represent approximately the concentration
of mobile and immobile spin labels, respectively. Thus
the ratio %, /A5, where &, and #, are the heights of
the low-field Hnes of the sharp and broad components,
respectively (sec fig.2), is a suitable parameter io
express the relative number of mobile spin labels.

When the pH of a spin labeled TMV-protein sample
is raised from 5.5—9.5 at equal settings of the EPR
spectrometer and equal protein concenisations, the
amplitude of the sharp component increases at the
cost of the broad component. This indicates that at
increasing pH spin labels go over from the immobile
state to the mobile state.

A plot of 72, /%, against oH is given in fig.3 for TMV
protein labeled with spin labels | and 11, Note that
kyfh, increases when the p¥lis raised and that the
ionger the spin label, fhe higher the value of yfly At
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Fig.3. Variatloa of &, /i, with pH for TMV protein labaled
with spin latels § and IL. The error limits in 2, 2, ars about
+0.1.

pH 11.7 a sharp three-line spectrum is present only
and 7,/At, goes to infinity. At pH 5.5 the sharp
spectral component is alrtost absent for spin label L.
The curves in fig.3 are reversible.

At pH 11.7 the line width of the low and high-
field lines of the thresline spectrum, which is similay
for spin labels I and i, are about 15% smaller than
tor the coriesponding lines at pH 5.5—9.5. This
indicates an increase of motion of the mebile spin
lubels whern the pH is caised from 9.5—11.7.

4. Discussin

The EPR spectra in fig.2 indicate the presence of
two states of the spin labels I and II on the surface of

spin labeled TMV protein. In one state the spin 1abel
is very mobile with a rofational correlation time

7. % 107 4, whereas in the other siate the spin label
is immobilized with v, &, 5 X 107% 5 [5].

The results of fig.2 and 3 have led to the model
givenin fig 4, to explain the effect of pH and different
chain lengths of spin labels [ and Ii. In a single sub-
unit of spin labeled TMV protein the spin label
extends in solution and is mobile. When a subunis
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Fig 4. Schematic model to explain the presence of the shasp
and broad spectral components in the EPR spectra in fig.2.
The shape of the TMV protein subunit and the position of
the spin label (indicated by a black dot), which is attached to
the SH-group, are darivad from [£,2]. The spin [abel at the
outside of the two subunits is mobile, wheresas the spin label
that is squeezed between the subunits is immeobile. This spin
iabel has a rotarional correlation rime corresponding to the
overall rotational motion of the two subuniis.

interacis with another one, the mobility of one spin
1abel will be reduced by the presence of the adjace it
proicin suiface (see figd). An increase of pH will
dissociate oligomers of spin abeled TMV protein and
increase the mobile component at the cost of the
immohile component. This gives an increase of #,/h,
in accordance with fig.3. An incrzase of the length of
the spin label will reduce the interaction between the
subunits and enkance dissociation, also leading to an
increase of 2, /4.

At pH values above 9.5 an increase in motion of
the spin labels an the protein surface is detected. This
can not arise from dissaciation of the oligomers, but
results from a change in the environment of the spin
labels. This demonstrates that in the pH region
%.5—11.7 a cenformational change tzkes place in the
spin labeled protein subunits.

From computer simulaiions of superpositions of
mobile and immobile EPR spectra by [6], it is possibie
to express i1, /b, in terms of £, the fraction of mobile
spin labels. Because the line widths in the computer
simulated {6] and experimental spectra are different,
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they must be taken into account by the relation
kA% = constant [7], where £ is the width of the
low-field line of the sharp component in the spectra.
This pives &, /fi, N2 163 57715, for 71,/ < 5.0t is
calculated from fig.3 thay st pH 9.5 the values for f
are approx. 7 and 7% for TMV protein laheled with
spin labels T and II, respectively. When i is assumed
that the protein oligomers consist of linear chains of
7 subunits, it is casily seen that 7 = 1/f, by extending
the model in fig.4. This viclds values for # of about
14 and 6, respectively. In the case that the subuniis
polymerize in twe or more layers [ 1], the approximate
values of i are larger, so that the calculated numbers
are minimum values of ;1. The molecular weight of
these oligomers at pI19.5 is sufficiently high to explain
the presence of the broad spectral component in {ig.2
arising from spin labels squeezed hetween the surfaces
of the subuinits.

It is interesting €0 make a comparison between the
behaviour of native TMV protein as a function of pH
[1} and the spin labeled protein. Ailow ionic strength
and a temperature of’ 5°C native TMV protein forms
helical oligomers at pH A2 3, which dissociate into
mainly trimers at pH A2 9 [1] . The spin labe! rosulis
also indicate a dissociation of olisomers of spin labeled
TMV protein at increasing pH, in agreement with the
behaviour of native TMV protein. However, since the
smalfest number of subunits of spin labeled TMV
protein in oligomers at pH 9.5 is about 6, the spin
labeled proiein has a fendency to associaie to larger
oligomers than native protein. This is in agreement
with previous experimenis, using saturation transfer
EPR, where the same effect is found at pI{ 7 {4§.

It is obvicus from the present experiments that
association of TMV protein is very sensitive to changes
at the surface of the protein. Cheniicul modification
of the TMY protein, by attaching a maleimide spin
labsl at the SH-group, changes it association propsr-
ties, but also increasing the Iength of the spin label at
the SH-group has larpe effects on the protein—protein
interaction.
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