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A new analytical technique, with unique advantages over existing molecular sensing methods, would
allow the ultrasensitive and selective characterization of biomolecular interactions on a chip.
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Proteins rarely act alone: Their functioning requires
that they establish contact with other proteins and
molecules, mostly through noncovalent interactions (i.e.,
interactions that do not involve the sharing of electrons,
such as hydrogen-bond and van der Waals interactions).
The study of such interactions is key for the understand-
ing of biology at the molecular level, and may have impor-
tant implications for drug discovery or the development
of diagnostic tests. It is thus crucial to develop measure-
ment techniques that can selectively probe these inter-
actions, characterizing, for instance, the formation rate
and strength of a specific protein-ligand complex, while
discriminating from other, nonspecific interactions (like
those arising, for instance, between a protein and fluctu-
ating solute molecules). Writing in Physical Review X,
Christof Fattinger, of Roche Innovation Center, Basel,
Switzerland, investigates theoretically a novel analytical
method, called focal “molography” (molecular hologra-
phy [1]), which represents a potential breakthrough for
the selective detection of molecular interactions [2].

Noncovalent interactions play a crucial role in biol-
ogy. They determine the 3D structure of biopolymers
and are important in vital processes like signal trans-
duction, metabolism, DNA replication, the binding of
drugs to receptors, and immune responses. The abil-
ity to characterize these interactions and observe their
evolution in real time is thus essential for the study of
the kinetics of such processes. Compared to the cova-
lent bindings that hold molecules together, noncovalent
forces are much weaker, comparable with thermal fluctu-
ations. This is what makes them so ubiquitous in biol-
ogy: They enable the formation of a dynamic network of
interacting molecules, kept together by bonds that can
form and break again. But what makes them important
also poses the main challenge to their study: it’s hard
to find spectroscopic observables (like an electronic or
vibrational transition) with which to characterize them
and they are susceptible to fluctuations of the environ-

ment. Furthermore, many other interactions and nonspe-
cific interactions occurring on similar energy scales may
complicate the experiments.
Only a few methods exist that can probe noncova-

lent interactions in material samples of less than a mi-
crogram —a key requirement for noninvasive diagnostic
tests or the study of expensive, newly discovered pro-
teins. Examples include UV-visible spectrophotometry
[3], atomic force microscopy (AFM) [4], electrospray ion-
ization mass spectrometry (ESI-MS) [5], matrix-assisted
laser desorption/ ionization mass spectrometry (MALDI-
MS) [6], and biomolecular interaction analysis involving
optical biosensors [7, 8]. Most of these methods rely on
the statistical analysis of large ensembles of molecules,
and are thus often limited by background noise produced
by nonspecific bindings. In other cases (e.g., AFM), the
observation focuses on individual molecules: this makes
nonspecific bindings easier to exclude from the data col-
lection. But even in AFM, the environment of the inves-
tigated molecules is usually not completely under con-
trol, representing a potential source for noise. Further,
just measuring a single event—in particular for larger
molecules—is usually not enough as in most cases it is
not exactly known what has been measured. There-
fore, single-molecule investigations require both repet-
itive measurements and statistical analysis. But per-
forming a series of highly sensitive single-molecule mea-
surements on a very large number of molecules remains
challenging. Hence, an important goal for biomolecular-
interaction detection is to avoid major sources of noise
due to nonspecific bindings, while enabling the collection
of data sets of sufficient sizes to be statistically relevant.
The new molography technique proposed by Fattinger
addresses this task in a new and powerful way.
Fattinger’s design (see Fig. 1) combines state of the

art lithography, molecular self-assembly and optical tech-
nology into one powerful technique. The main idea be-
hind focal molography is to construct a clever geomet-
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FIG. 1: Scheme of a focal molography chip: laser light is
coupled onto a thin-film waveguide, thereby illuminating a
“mologram”—an assembly of receptor molecules in a spatially
ordered pattern. The mologram diffracts light coherently, fo-
cusing it onto an Airy disk on the detector. When receptor
molecules bind specifically with an analyte of interest, their
interaction results in index-of-refraction changes that can al-
ter the detected signal. Nonbiospecific bindings are not ar-
ranged in the same order as the receptors and would thus
not create a coherent diffraction signal. The diameter of the
mologram that is exposed to the sample is about 0.4 mm,
corresponding to about 109 coherently assembled receptor
molecules. (C. Fattinger [2])

rical arrangement in which molecular binding sites on
a monolithic substrate are spatially ordered on scales
that match the wavelengths of coherent light, allowing
probing of the molecule-reactant pairs with ultrasensi-
tive diffractive methodologies. In the scheme, one in-
teraction partner (the “receptor,” e.g., a specific pro-
tein) of the probed biospecific interaction is linked to
a micropatterned area engineered on the top surface
of a thin-film optical waveguide. The linked receptors
form the so-called “mologram”: a coherent submicron
assembly of receptor molecules with active binding sites.
The receptor molecules in the mologram are immobilized
on curved lines with intermolecular distances smaller
than the light wavelength, but much larger than a sin-
gle receptor molecule. This serves a twofold purpose.
First, it allows sensitive coherent probing of the many
molecules contained in a mologram. Second, it prevents
so-called “steric hindrance” effects in which a conforma-
tional change of a molecule is hindered by its proximity
to other molecules.

Fattinger imagines that a thin [150 −nanometer (nm)]
film of high-refractive-index material (Ta2O5) could be
used as an optical waveguide to strongly couple laser
light to the molecular film. (A reflective-imaging sili-
con grating [9] would be used to convert the diverging
laser beam from a laser diode into a parallel beam.) The
evanescent field of the guided mode extends into the thin
(few nm to 100 nm) mologram, probing the molecules.
While propagating through the mologram, the guided
mode partially decouples from the waveguide through

diffraction by the molecules in the mologram. The co-
herently assembled molecules focus the diffracted light
into a diffraction-limited “pencil beam” that is collected
by a detector. The coherent light intensity in the focus of
the mologram can be related to refractive-index changes
in the nanoenvironment of the probed molecules in the
mologram, from which information on the molecular in-
teraction is deduced: The index-of-refraction change is
related to the number of bindings and can thus be used
to measure the probability for such a binding to take
place under given conditions.
The scheme provides signal amplification thanks to the

fact that the phase contrast is enhanced by the coher-
ent addition of signals from orderly assembled molecules.
This brings two unique advantages over existing optical
sensing methods. (i) It eliminates the effect of nonspe-
cific binding, since nonspecific bindings are not arranged
in the same spatially ordered way as the receptors, and
the light they diffract does not contribute to the detected
signal. (ii) It has a very high sensitivity that can be im-
proved (virtually without limits) by increasing the size
of the sensor. Since the sensitivity of focal molography
arises from coherent interference effects, it scales with
the square of the diameter of the mologram. The diam-
eter of the mologram proposed by Fattinger lies in the
50-micrometer to 1-millimeter range. Larger molograms
would allow better sensitivity but also require higher pre-
cision in the lithographic fabrication process to enable
diffraction-limited focusing.
The readout of a mologram on a chip by a small op-

toelectronic system could be integrated into a small an-
alytical device, as illustrated in Fig. 1. Such a compact
device may be suitable for self-testing or point-of-care-
testing of analytical or diagnostic parameters.
Focal molography requires only a minuscule amount

of bound biological matter for a measurement (Fat-
tinger envisions 180 femtograms of coherently assembled
molecules at the mologram’s binding sites [2]). Other ad-
vantages include the possibility of probing biomolecular
interactions in aqueous solution (the natural environment
in which they occur); the ability to deliver results in a
short time (beneficial for diagnostic tests); and the ability
to observe the progression of a molecular interaction in
real time—essential for the measurement of the kinetics
of a biomolecular interaction.
The new method will not make single-molecule mea-

surements obsolete; rather, it will complement them.
One could, for example, envision combining AFM and fo-
cal molography in one microscopic system that measures
multiple parameters of biomolecular interactions on the
same chip: the molographic readout could detect the on-
set and the progression of a molecular interaction, while
AFM could detect structural details of the molecular-
interactions that can’t be resolved by optical means.
Focal molography might find important applications in

the design of immunoassays— biochemical analyses that
are the basis of many clinical tests, including prostate
cancers, heart disease, and sport antidoping tests. Im-
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munoassays measure the concentration of a given macro-
molecule (the “analyte”) by revealing its binding with a
receptor (e.g., an antibody) through a detectable “label”
(e.g., a gold or latex nano particle [10]). At the typi-
cal low concentration of the analyte in the sample, only
about 1 in 10000 receptor molecules becomes occupied
by an analyte molecule [10, 11]. Under these conditions,
nonbiospecific binding and the size of the sensor are the
key limiting factors for detection [11, 12]. Focal mologra-
phy schemes, optimized for given analyte-receptor com-
binations, might thus boost the sensitivity of a number
of life-saving diagnostic methods.
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