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Human sumunoplobulin Gy Ve was studied by negative staming, frevae desing and high recolution shadow vasting, The Fab and e subupils
ol et LGy molecile were shown to possess fimited mobiig. 10 was found that about 768 of molecutes i the TG, Van specimen are not
Hat Bt lave a tripodslike shupe,

lvmuneglobulin G Fleetren microscopy: Tripod-hike conformation

1. INTRODUCTION

Human I[gGs are divided into four subelasses
significantly diftering in their biological properties. The
main differences in the primary structure of the
subclasses are concentrated in the hinge region [1,2]. [t
is reasonable to assume that the structure of hinge
region can determine an extent of flexibility of 1gG of
different subclasses, affecting their biological proper-
tics, The method of NMR did not reveal, however, any
correlation between an extent of  flexibility and
biological propertics of human IgG subclasses [3,4].
For instance, IgG, displaying good reactivity with the
complement and IgGa practically not binding the com-
plement (4] show equal correlation times (about 60 ns)
at physiological temperature (37°C) [5]. Besides, the
late or non-precipitating pig antibodies of class G
possessing the most rigid structure among all the known
12G (correlation time is about 200 ns) nevertheless bind
the complement rather well [6]. These data lead to the
assumption that the hinge region structure influences
the effector functions not only through the generation
of a definite extent of the molecule flexibility but also
by affecting the other parameters. One of these
parameters can be a predominant shape of the molecule
characterized by a certain relative location of the Fab
and Fc subunits [7].

In the present work our aim was to continue the in-
vestigation of conformation of human IgG subclasses
by means of electron microscopy and to study the
myeloma IgG; Van which was described previously by
the other physical methods [3,8~10].
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2. EXPERIMENTAL

Immunoglobulins were obtained from myeloma serum by 3-fold
reprecipittion with amnmonium sulphate followed by ion-exchanpe
chiromatography using DEAE-cellulose. Then they were subjected 1o
gel filtration in o AcA-34 Ultragel (LKB, Sweden) or on Toyoparl-
HIWSSE (Toyo, Soda, Japun) to remove degradation products.
Chromatography wis carried out in buffer containing 0.5<0.1 M am-
monium aeetiate, pli 7.8, According to the data of immunoelec-
trophoresis and SDS-PAGE, the immunoglobulin preparations were
hamogencaus,

The immunoglobulin preparation was dinlyzed against 0,01 M am-
monium acetate, pkl 7.8, Just betare use, the sample was centrifuged
at 12 (00 x g for 15 min to remove aggregates and diluted with am-
monium acetate to a concentration of Auo = 0.01 U/ml, Negative
staining was carried out according to Valentine o al, {11) with 1%
aqueous uranyl acetate, Freeze-drying and high resolution shadow
casting were carried out according to the procedure deseribed in {12].

The preparations were analysed with a JEM-100C electron micros-
cope (JEOL, Japan) at 80 kV, 25 uM objective aperture and magnif-
ication of 80 000, An anticontamination liquid Nz trap was used,
Magnification was calibrated with a cross-grating replica (Balzers
Unijon, Liechtenstein),

3. RESULTS

Figs 1 and 2 show micrographs of the negatively
stained and shadowed preparations of human I1gG,. In
most images, the Fab and Fc¢ subunits can be
distinguished by the two-fold axis. The molecules are
located on the supporting film so that the Y-like view is
the only one. Therefore, the method of negative stain-
ing used alone provides no information on the or-
thogonal (‘lateral’) view of the molecule. Shadowing, in
contrast to negative staining, allows one to estimate
dimensions and shape of the molecule in the direction
perpendicular to the supporting film using the shape
and length of the shadow.

We analysed about 1000 images of the shadowed 1gG
molecules. The outlines of the molecule shadow depend
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Fig. 1. Human 1gG, negatively stained with uranyl acetate.

not only on the shape of the molecule but also on its
orientation relative to the direction of shadowing. Ac-
cording to the shape of shadows all images can be divid-
ed into 2 groups (Fig. 3): (i) shadows with an obtuse
apex when the width of the tip approximately equals
that of the base; (ii) triangle-shaped shadows with a
pointed tip.

The first variant can be interpreted as the case when
all the components of the IgG molecule are equally
elevated over the supporting film,

In the second case (Fig. 3B) the pointed shadow shape
can indicate that, at least, a part of the molecule is
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elevated over the other parts, i.e. the molecule is not
flat.

We chose about 150 IgG, images with the molecule
orientation excluding possible occurrence of a triangle-
shaped shadow of the flat molecule, namely: the two
subunits lie in the straight perpendicular to the direction
of shadowing, and the third subunit is located at the
triangle apex facing an electron source. Fig. 4 shows the
histogram of molecule distribution according to the
shadow lengths. A molecule height can easily be
estimated from a magnitude of the shadow length and
an angle of shadowing. However, since the supporting
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FFig. 2. Freeze-dried and high-resolution shadowed human I1gGy.

film can be inclined, the angle of shadowing cannot be
determined accurately, Therefore, as a parameter
characterizing the molecule height, we used the ratio of
the shadow length of the whole molecule (L) to that of
the individual Fab subunit (L,) lying nearby. Thus, the
L/L, ratio indicates how many times the whole
molecule is as high as the Fab subunit. It turned out that
molecules with an L/ i, ratio close to 1 have an obtuse
shadow apex. The molecules with the triangle-shaped
shadows had the L/L, alwiys exceeding 1. Histogram
in Fig. 4 clearly demonstrates that in the 1gG; prepara-
tion under study about 70% of molecules are convex.

The L/L, ratio greatly varies thereby: from 1.2 (for
almost flat molecules) to 1.7 (for convex molecules).
Thus, in our IgG preparation about 30% of molecules
have a flat conformation. Transformation of confor-
mation from the flat to convex one is likely to occur due
to molecule flexibility in the ‘hinge region’, the long
axis of the Fc subunit being inclined to the Fab. A wide
range of the L/L, values indicates that in solution the
Fab and Fc molecules seem to possess a rather high ex-
tent of mobility. The conformation can be considered
as the predominant one when L/L, = 1.5 (Fig. 4). We
defined the molecules of this kind as tripod-like.

223



Volume 278, number 1,3 FRUS LETTERS Nosember (900

Fig. 3. Separate images of human 1gGy. (A) Convex moleeules, triangle-shuped shadow. (B) Flat moleculss, trapezium-like shadow,

“ Previously we deseribed in detail the electron
} microscope images of vig IgG molecules [7]. The 138G,
‘ molecules shown in Figs 1, 2 and 3 have similar struc-

tural features. Some of them are showsy in the model
" presented in Fig. 5. The model does not pretend to be a
’ detailed description of the I[gG, structure but is
20 &
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Fig. 4. Height distribution of the shadowed 1gG, Van molecules, The
ratio of the shadow length of the whole molecule (L) to that of thein- Fig. 5. Schematic presentation of the IgG model illustrating the
dividual Fab subunit (Lo) lying nearby was used as a parameter, tripod-like conformation of human IgG; Van.

of molecules

number
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presented only to illustrate the teipod-dike shape of
s Gy molecule.

4. DISCUSSTON

Hlectron mivroscopy studies provide evidence that
the Fab and Ve subunits involved in the intadt human
[pGhy Van molecule possess mobility, This resalt is in
agreement  with the data obtained tor the siame
myeloma IgGy Van sample by polarization  of
fluorescence [5], spin label metiod 8], impulse NMR
method {3,

Comparison of the results obtained for Iepd, Van
with the data previously obtained for the late noan-
precipitating pig antibodies and human lgGayKue [7.13]
allows one to conclude that probability of farmation of
the tripad-like conformation is not eqgual Yor different
[pGs. Tt is highest for the non-precipitating pig an-
tibadies (above 83%), somewhat lower for human TpG,y
Van (about 70%) and practically equiprobable 1o all
possible conformations for human IgGs Kue,

The predominant conformation of IgC molecules in
solution scems to be associated with the realization of
their biological properties, The late pig antibodies have
a rigid tripod-like structure {7]. The Fab and Fe
subunits are fixed relative to cach other, this probably
induces  steric  hindrances for the formation of
precipitates. It should also be emphasized that in case of
the tripod-like conformation the Fab subunits do not
produce steric hindrances for the interaction of the €12
domains of the Fe subunit with globular parts of Clyg.
In our opinion, a high complement-binding activity
may be due to two different causes: (i) a high molecule
flexibility when there exists a significant probability of
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oceurrence of topened” (exposed (o Clg) state of the
Car donuins, This swexamplificd by huovian Gy Kugs
(i1} a low molecule Mexibility whien the €2 domains are
aecessible Yor the interaction with Clg, The late pig an-
tibodies serve as an esample, 1gGy Vi seens to stand
midwiy betsween these two gitses,
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