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Short Abstract — Biologists use gold nanoparticles visualized
by transmission electron microscopy (TEM) to label proteins on
the cell membrane. However, due to limitations of applicable
gold particle size and shape, typically only two proteins can be
labeled at a time. A challenge is to integrate experimental data
across multiple experiments where there are from 10 to 100
different proteins of interest and only the positions of two
proteins can be observed simultaneously. Markov random field
(MREF) is proposed to characterize the distribution of proteins
on the cell membrane. We develop a multiscale MRF model and
use mathematical programming techniques to infer the
conditional distribution of a MRF for proteins of three types
from observations showing the spatial distribution of only two
types. Application to synthesized data shows that the spatial
distribution of three proteins can be reliably estimated. Results
on experimental data are also presented.

I. INTRODUCTION

To observe events associated with cell signaling, several
groups have generated high resolution topographical

maps of colloidal gold nanoprobes marking receptors
and signaling proteins in native membranes [1-3]. However,
due to limitations of applicable gold particle size and shape,
only two protein species can be labeled with confidence in
the same experiment. Consequently, there is a need to
integrate experimental data across multiple experiments
where there are between 10 and 100 different proteins of
interest and only the positions of two proteins can be
observed simultaneously. We propose to use Markov random
field (MRF) modeling to solve this problem.

MRF provides a powerful and robust framework for
modeling correlations between states associated with
neighboring sites in spatial lattices [4]. Cell membranes can
be modeled as a 2D lattice, and the presence or absence of a
protein of a specific type at a point on the cell membrane is a
state. Since only two protein types can be observed, the
problem is one of deducing the conditional distribution of a
MRF with unobservable (hidden) states.

II. MODELING PROTEIN SPATIAL DISTRIBUTIONS

Let us consider a simple, idealized case, where there are
three proteins of interest called {R,G,B}, and where only two
proteins can be observed in any single sample. For this
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scenario, we use a hidden process D with four hidden states
{R,G,B,X} to characterize the distribution of proteins on the
cell membrane. The additional state X corresponds to
background. In addition, there are three observable
processes, O,, O, and O, to model observations where only
two kinds of proteins can be observed at a time. These
processes have four observable states {R’,G’,B’,X’}. There
are also three observation matrices, Q,, @, and 0, mapping
the hidden states to the observable states. The problem is to
infer the conditional distribution of D given O,, O,, and O,.

A multiscale MRF model with three layers [5] is used for
the hidden process, and multi-resolution representations of
observed data at three scales are realizations of the
observable processes. We use maximum likelihood
estimation to infer conditional distribution of the hidden
process, which is solved by wusing mathematical
programming techniques.

Application of our approach to synthesized data has
demonstrated that the multiscale MRF model is good at
characterizing both short and long range statistical properties
and that the spatial distribution of three proteins can be
reliably estimated. Application to experimental data from
two biological experiments has also demonstrated that the
spatial distributions of three proteins in reconstructed
samples are consistent with those in observed TEM images.

III. CONCLUSION

We have described a novel approach for reconstructing
the spatial distribution of three proteins on cell membranes
from samples showing only two proteins.
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