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SCIENTIFIC CORRESPONDENCE 

Viscosity of the asthenosphere 
SIR - Foulger et al. 1 have used the 
observation of transient strain following 
dyke intrusion in northeast Iceland to 
estimate a newtonian viscosity for the 
asthenosphere; their value ( ~ 10 19 Pas) 
is of the same order as that obtained 
from postglacial rebound2

. Observations 
such as those presented by Foulger et al. 
are very important, as they sample 
time scales ( ~ 1 - 1,000 years) for which 
data are scarce and the rheological be
haviour of the crust and mantle may not 
be steady-state. However, I argue here 
that the data do not provide a strong 
constraint on the viscosity of the as
thenosphere, because (1) the viscous 
layers in stress relaxation and in post
glacial rebound are not necessarily the 
same; (2) the estimated viscosity de
pends on the kinematics of flow; and (3) 
the inelastic response over ~ 10 yr is 
likely to be transient and not steady
state. 

The model of Foulger et a!. assumes 
an elastic layer of thickness h = 8-30 km 
and modulus M = 0.75 x lOu Pa 
overlying a viscous layer of thickness 
b = 5-10 km, identified with a layer of 
partial melt. A boundary displacement 
then propagates in the elastic layer 
according to the diffusion equation3

. 

However, postglacial flow affects a sub
lithospheric layer at least one order of 
magnitude thicker4

, which, using the 
inferred diffusivity, would give a corres
pondingly higher viscosity. Furthermore, 
the diffusivity used in ref. 1 (K = MhblrJ) 
is valid only for a linear velocity-depth 
distribution. If the distribution is quad
ratic (return flow within the viscous 
layer) the diffusivity is3 

K = -=--'M'"'h'-f!b":.' :-;--;-
21) (3h+2b) 

which, for the same parameter values as 
in the linear case, gives 17 = 1017-1018 

Pa s, and 17 = 1019 Pas if b = 100 km. A 
different kinematics of flow, therefore, 
makes a thick channel compatible with 
postglacial viscosity estimates. 

Finally, as the Maxwell time of rocks 
is ~ 1,000 yr, stress relaxation at plate 
boundaries, with a characteristic time of 
a few years, is unlikely to sample the 
steady-state rheology of the astheno
sphere4. The transient strain rate of 
rocks at high temperature T usually 
depends on time t and stress a as4

·
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where R is the gas constant, and the 
material parameters for silicate rocks 
are5 ·6 C = 10-4 Pa-ns-"', n = 2.0 ± 0.5, 
m = 0.4 ± 0.1 and E = 400 ± 150m kJ 
mol-1. The transient viscosity rJ(t) = alE 
can be expressed in terms of strain rate, 
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whose upper limit can be taken as E = Elt 
= 8.6 X 10-IS S-l, where E = 15 em per 
50 km is the observed strain (one would 
obtain E = 5.2 X w-].) s-1 assuming 
validity of the diffusion equation). For 
t = 11 yr (time of observation of the 
Iceland transient), T = 1,500 K, and 
central values of the material par
ameters, this yields 17 = 4 x 10 18 Pa s, 
that is, not significantly different than in 
the linear model. 
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Mimicking ligands 
SIR-S. Davis et al. (Nature 358, 76-79; 
1992) explore the interaction of the 
HIV-1 glycoprotein gpl20 and anti-CD4 
antibodies with the CD4 receptor. They 
have carefully documented the binding 
characteristics of 225 anti-CD4 anti
bodies, and conclude that none repre
sents an "exact mimic" of the binding of 
gp120. They further suggest that the 
underlying concept behind the use of an 
antibody to mimic a naturally occurring 
ligand is inherently flawed and "unlikely 
to be rewarding." 

One of their primary arguments 
against these antibodies appropriately 
mimicking gpl20 is a significant differ
ence in CD4 binding kinetics - kon and 
k 0 n rates - between the antibodies and 
gpl20. They therefore conclude that 
"interactions of antibodies and gp120 
with CD4 may involve different types of 
binding sites or that regions outside 
the binding site affect the kon-" They 
further argue that potential variability in 
antibody binding sites is so large as to 
make the use of anti-idiotype antibodies 
as probes for a receptor essentially 
fruitless. 

We believe that the binding of many 
agonists and antagonists to well
characterized receptors fails to satisfy 
the criterion of equivalent binding kin
etics. A case in point is one of the best 
understood receptors, the nicotinic 
acetylcholine receptor. Nicotine, car
bachol, tubocurare, a:-bungarotoxin, 
maleimido-benzyl-trimethyl-ammonium 

and acetylcholine are agonists or com
petitive antagonists for the nicotinic re
ceptor. They exhibit mutual compe
tition, and furthermore have been of 
great utility in unravelling the structure 
and function of the nicotinic receptor. 
The structures of these agonists and 
competitive antagonists vary widely. If 
presented with these molecules in vacuo, 
it is unlikely that one would conclude 
that they bind in any biologically signifi
cant way to the same receptor. Anti
idiotype antibodies - which may bear 
little obvious resemblance in either 
chemical structure or binding kinetics 
with the naturally occurring ligand -
might also prove informative in the 
characterization of novel receptors. 

Although we concur with the authors' 
stringent criterion for the complete elu
cidation of a novel receptor, we would 
suggest that intermediate steps in the 
process might also be of general interest. 
We submit that the difficulty in the use 
of antibodies in unravelling the CD4/ 
gp120 interaction is insufficient grounds 
for a complete indictment of either the 
technique or of results obtained with 
anti-idiotypic antibodies. 
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SIR - On the basis of a study of one 
panel of antibodies specific for a ligand 
of one receptor, a limited review of the 
literature and a highly restricted cri
terion for a molecular mimic, Davis et 
al. 1 conclude that their experiments 
"undermine the concept of mimicry be
tween antibodies and receptors". They 
go on to state that the "anti-idiotype 
approach [to the study of receptors] is 
unlikely to be rewarding". We disagree. 
Our experience has shown that the im
mune repertoire is large enough to yield 
suitable m1m!cs if proper, rigorous 
screening procedures are used to find 
them. 

Molecular mimicry by an antibody 
must be defined operationally. Let us 
take as one example a monoclonal anti
idiotypic antibody that mimics aldoster
one, which was isolated in my laboratory 
using an auto-anti-idiotypic strategy2

'
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• It 
has the following characteristics: (1) It 
binds to Fab fragments of rabbit anti
aldosterone antibody with an affinity of 
0.5 nM. (2) lt inhibits the binding of 
[
3H] aldosterone to rabbit polyclonal 

antibodies and to seven different 
aldosterone-specific monoclonal anti
bodies. (3) It inhibits the binding of 
eHJ aldosterone to rabbit kidney cyto
solic aldosterone receptor preparations 
but does not bind to glucocorticoid 
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