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major problem would be that back electron transfer is
usually fast® (~ 107 s). One would then have to tune the
donor acceptor system in such a manner that the back
electron transfer takes place in a time longer than ~107 s.
This may be achieved by varying the free energy change
for the back electron transfer to be in the Marcus inverted
regime and by varying the solvent polarity. The time
could be made longer also by increasing the physical
separation between the donor and the acceptor.

Finally, we note: (1) the net rotational motion would
occur in presence of steady light and that the net motion
would stop when the light is switched off. (2) Our motor
combines the ideas of devices that have already been used
in the literature rotaxanes[2] with idea of a ratchet” %,
(3) In the earlier motors that have been suggested, it is
the site (station) that is excited/reacted, while for our mo-
tor, it is the shuttle that is changed externally. (4) Further,
all the earlier suggestions have stations that are different
while in our model, all the sites are the same and there-
fore synthesizing the motor should be easier. (5) In our
opinion, the suggested change in design, though simple, is
the easiest way to get an efficient working molecular mo-
tor. (6) The synthesis of the motor poses a challenge, but
it should be possible in the near future, given the abilities
that organic chemists have attained in synthesizing ele-
gant structures.
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Effects of erosion on stable thrust
wedges: A new perspective in sandbox
analogue modelling
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Scaled sandbox analogue models have been used to
simulate the growth of Coulomb thrust wedges in iso-
tropic cohesionless and anisotropic cohesionless mate-
rials. The internal and surface geometry of such
wedges is controlled mainly by parameters like the
coefficient of basal friction and the physical properties
of the deforming materials. The effects of erosion on a
stable Coulomb wedge have been studied and are de-
scribed here. In the experiment carried out for this
study, the uppermost 2 cm material of a developed
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wedge has been scraped-off, thus reducing the over-
burden on the wedge. This also changes the surface
slope angle of the stable wedge. In order to maintain
the critical angle of the wedge (fixed for every combi-
nation of deforming material and basal detachment),
there is a noticeable renewed internal deformation by
reactivation along some older thrust planes as well as
some new planes of detachment that also develop on
further contraction in an otherwise stable wedge. The
wedge once again starts deforming along these thrusts
and also grows vertically. This study proposes that the
effects of erosion or mass deficiency in a stable wedge
under contractional tectonic environment lead to
renewed tectonic activity in the orogenic areas. The
removal of material in the orogenic areas is caused
mainly by natural processes or is enhanced many folds
by anthropogenic activities. The experimental results
clearly demonstrate that such activities may cause a
renewed phase of tectonics in the orogenic areas,
which are already subjected to the processes causing
severe mass imbalance.

SANDBOX analogue modelling experiments have been
used to simulate the growth of thrust wedges in isotropic
cohesionless and anisotropic cohesionless materials' .
The overall geometry of these wedges is controlled by a
series of thrust faults, which cause small to large amount
of crustal shortening. Thus to study these areas, it becomes
important to understand the development and evolution of
thrust systems. These systems have been studied by a
large number of workers all over the world” ', through
simple experimental work mainly to delineate the thrust
geometry.

The sandbox analogue modelling experiments are car-
ried out to evaluate the effects of different parameters
that are responsible for the development of the orogen.
Here, the effects of only one parameter are highlighted, i.e.
the effects of erosion on an already developed and stable
wedge. There have been, though, few attempts made by
earlier workers’' >’ to understand the effects of such para-
meters on stable wedges, none of them have used scaled
models to document these changes.

The sandbox analogue modelling technique has been
successfully employed to show the development of thrust
wedges in contractional regime. Scaled sandbox analogue
modelling experiments are done using a deforming mate-
rial enclosed in a box, where deformation is achieved by
pushing the sandpack against the backstop. A wedge de-
velops in front of the backstop through detaching the
sand pack along successively evolved thrusts in a self-
similar manner. The internal deformation stops (in other
words, the wedge stops to grow vertically), when it
reaches a critical stage (a critical Coulomb wedge)3'4'6‘7.

The experimental apparatus used in the current model-
ling technique is a glass box with a wooden base plate
and two collapsible wooden backstops, with internal di-
mensions 150 ecm X 20 cm X 20 em. A motor is present on
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the right-hand side end to pull the basal detachment sheet
attached to it through rollers. A slit is present between the
base plate and wooden backstop to facilitate the move-
ment of the basal detachment sheet.

Experiments are carried out using layers of coloured,
dry, cohesionless quartz sand over thin Mylar film as
basal detachment material ([,. 0.47) in the deformation
apparatus. A sand pack (2.5 cm thick) starts deforming
when the basal detachment sheet is pulled with the help
of a motor through a roller at a constant displacement rate
of about 1 cm min ' The vertical wooden backstop (on the
right-hand side) checks the movement of the sand pack
beyond it, and a wedge starts to form in front of it. The
model is deformed up to 44% contraction till a critically
tapered wedge is formed’, with no further internal defor-
mation (Figures 1 a—f and 2 a—f"). This experiment shows
that the intermediate value of basal friction (W,. 0.47)
produces a stable critical wedge with taper angles between
6 and 8°, and internal deformation in the wedge is con-

@ 0% Contraction

Figure 1. Photographs showing sequential development of wedge in
experiment KA-12.
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Table 1. Thrust dip angle and wedge taper angle at different stages of shortening
Dip of thrust (°)
Shortening Thrust  Thrust Thrust Thrust Thrust Thrust Thrust Thrust  Thrust Back Back Back Wedge taper
(%) 1 2 3 4 5 6 7 8 9 thrust 1  thrust2  thrust 3 angle (°)
2 28
12 37 23 35 33 7
24 40 31 34 30 25 35 12
30 46 34 36 35 31 29 34 11
37 50 35 36 35 32 29 31 30 10
43 44 39 38 40 35 35 35 31 35 7
47 40 4
49 40 25 44 5
51 42 26 46 7
55 41 27 26 45 48 8
60 44 29 20 43 53 40 8
L - 1 wedge’ (the height of the wedge at this stage is 6.5 cm)
0 ¢ Gontraction a has been scrapped-off by 2 cm (Figures 1 g—k and 2 g—k),
= and then the sand pack is again pulled during the experi-
& om Confraction B b ment. The height of the wedge is now reduced to 4.5 cm
by scrapping-off the upper 2 cm material of the wedge
. : Sem Y (Figures 1 g and 2 g). The experiment (KA-12) starts after
12 cm Contraction . . . ..
c 44% contraction stage on the intermediate basal friction
N (K. 0.47). At 46% contraction, thrust number three (from
2% om Contraction EE— d the backstop) gets reactivated; hence an increase in the

48 cm Contraction h

10 cm
[ —

Figure 2. Sequential growth of experiment KA-12, showing succes-
sive stages of progressive deformation.

trolled by a series of mainly foreland ward dipping
thrusts’®'*. The development of thrusts and their acti-
vities up to 44% contraction and beyond are shown in
Table 1.

The current analogue experiment is specially planned
to observe the effects of erosion on stable wedges. In this
experiment, the uppermost material of a developed stable
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height of the wedge takes place near the backstop (5.4 cm).
During the continued deformation, the wedge gets squee-
zed, and seems to attain more height in order to maintain
the critical angle (fixed for every combination of deform-
ing material and basal detachment). At 50% contraction
this thrust remains active (Figures 1/ and 2i), causing
further increase in height (up to 5.8 cm). At next stage of
shortening, a splay evolves in the middle of the forethrust,
though its effect cannot be seen in the front view. At
52 cm shortening, the length of this active thrust again
increases and the height of the wedge becomes 6 cm. The
wedge taper angle (Figure 3 @) increases from 0 to 6-8°
and the thrust angle is 28°. At 53% contraction, a new
thrust is developed towards the foreland with an angle of
28°. The displacement along the previously active thrust
stops and the movement is now concentrated along this
new thrust. At 55% contraction (Figures 1/ and 2j), the
newly formed forethrust shows the formation of two
backthrusts. At 58% contraction, some more features are
observed on the surface and it becomes clear at 60 cm
contraction that these are two backthrusts at the toe of the
wedge. The final wedge taper angle at 60% contraction is
8°. The final wedge taper angle is approximately the same
(7°) when the wedge stalls to deform initially at 44% con-
traction. Afterwards, the wedge stalls and the whole
wedge starts sliding over the basal detachment sheet. The
central part of the wedge attains a height of 6.4 cm.

The current experiment shows that erosion of material
from an already developed wedge has reactivated some of
the older thrusts (Figures 1g—k, 2 g—k and 3 b). This has
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Figure 3. Graph showing progressive changes in («) wedge taper angle vs shortening, and (b) thrust dip vs shortening.

. . . 21,2325
been shown in some previous studies also’"**?, where

the effect of mass transfer from the mountain regions,
either due to tectonic instability or climatic changes®', has
renewed tectonic activity in the region. This is mainly
because the wedge tends to grow till it attains a critical
angle (hence called a critical wedge). The internal defor-
mation ceases when the wedges attain criticality and there
is no change in either the thrust geometry or the wedge
shape. The moment the critical nature of the wedge is dis-
turbed (by various surface processes), it is again activated
in the form of reactivation (Figure 3 b) of few older
thrusts or by developing newer thrusts in order to maintain
the critical character.

Though the physical modelling experiments have many
limitations, they still provide a rather simple, graphic and
instructive means to explain detailed structural develop-
ment of thrust systems, which may also be applied to the
orogenic belts. The current set of experiments is carried
out to study the erosion of material from the stable
wedge, which seems to be an important controlling factor
on fault reactivation. Erosion, by locally removing sand
from the wedge, reduces gravitational and frictional
work, enabling continued fault activity or reactivation of
older faults. Some new zones of displacement are also
formed between the already developed thrusts, i.e. it is
not necessary that after erosion only older thrust planes
are reactivated; erosion may also lead to the formation of
some new thrusts towards the foreland.
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We have constructed a confocal fluorescence micro-
scope combined with force measurements. Our method
allows for simultaneous measurements of fluorescence
anisotropy, energy transfer and correlation. The metho-
dology and the sensitivity of the set-up using enhanced
green fluorescent protein are described. We present
results on (a) the detection of mRNA polymerization
during in vitro transcription using fluorescence corre-
lation spectroscopy and anisotropy, (b) detection of in
vivo protein-DNA interactions using fluorescence ani-
sotropy and (¢) nanomanipulation of polytene chro-
mosomes using the micropippete force sensor. Such a
combined method allows for probing novel structure-
function relationship underlying gene-expression.

RECENT progress in single-molecule force and fluores-
cence detection' ™ has opened new possibilities in the area
of nanobiology. Typical sensitivity in these measure-
ments is in the range of femtonewton forces* and sub-
nanomolar concentrations’. The ability to manipulate and
detect single-molecules provides a handle to probe the
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subtle relation among structure, function and dynamics of
biomolecules and their interactions. In addition, such
methods are finding increasing analytical applications,
for example, in sorting and counting of single-molecules,
rare-event detection, probe-target binding, high through-
put screening, imaging of cells and single-molecule DNA
sequencings’g. In the above fluorescence-based studies, a
number of specific methods (such as fluorescence
correlation spectroscopy (FCS), anisotropy, energy
transfer and lifetime techniques) have been used with some
advantages and disadvantages. For example, in FCS when
analysing heterogeneous molecule ensemble samples, the
sampling of multiple events results in ensemble averaging
and hence an integrated method using both energy-
transfer and anisotropy of molecules would provide a more
quantitative method. The intensity and anisotropy recorded
at fast binning time (as low as 100 ns) can be used to re-
solve different conformations and conformational fluctua-
tions of single-molecules. Therefore, a combined experi-
mental set-up that incorporates various fluorescence
methods provides a powerful tool to investigate single
biomolecular interactions and their dynamics. In addition,
its integration to a force sensor allows one to tune the
biomolecular structure—function relationship.

Here we describe the development of a confocal fluo-
rescence microscope with fluorescence correlation and
anisotropy tracking combined with sensitive micropippete
force sensor. We present experiments to address the bio-
physical aspects of gene-expression that illustrate the im-
portance of the above methods. In particular, we show (a)
the detection of mRNA polymerization during in vitro
transcription using fluorescence anisotropy and correla-
tion spectroscopy, (b) detection of in vivo protein-DNA
interactions using fluorescence anisotropy and (c¢) nano-
manipulation of polytene chromosomes using the micro-
pipette force sensor.

Figure 1 is a schematic of our experimental set-up. An
inverted optical microscope (model IX 70; Olympus, Japan)
is placed on a vibration isolation table (model 63-573;
Technical Manufacturing Corporation, Peabody, MA, USA).
The instrument incorporates an Ar-ion laser (model 163-
DO0105, 125 mW; Spectra-Physics, Mountain View, CA,
USA) for the excitation of the sample. Neutral density (ND)
filters (model NDKO1; ThorLabs, Newton, NJ, USA) fit-
ted on a filter wheel (model FW2A; ThorLabs) in front of
the laser are used to attenuate the power of the laser when
so desired. The laser beam diameter is expanded from 0.7
to 4.2 mm using the appropriate lens combination to
minimize the focal diameter in the object plane. The
beam is passed through a polarizer (model 03 FPG 001,
dichroic sheet polarizer; Melles Griot, Rochester, NY,
USA) before being passed into the microscope. The laser
emits in three wavelengths — 458, 488 and 514 nm. The
488 nm laser line is selected using an excitation filter
(model HQ480/40x; Chroma, Brattleboro, VT, USA) fit-
ted in the filter cube (model UMF2; Olympus) of the micro-
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