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The article by Wetherbee and col-

leagues on detecting the fingerprint of

a modular protein fiber in the adhesive

secretions of a diatom represents an im-

portant step forward toward an effec-

tive use of single molecule force

spectroscopy in biology. Single-mole-

cule biophysics is slowly revolution-

izing cell biology by uncovering

important information regarding pro-

tein function that cannot be obtained

from standard bulk experiments. The

recording of ionic currents through

single ion channels provided the first

and foremost example of single-mole-

cule measurements to date. The study

of single ion channels evolved from

those incorporated into artificial lipid

bilayers to the later characterization of

ion channels in native membranes

using the patch-clamp technique (1).

In addition to its rapid technical devel-

opment, the single ion channel record-

ing field was marked by a rigorous

effort to positively identify the nature

of the putative ion channels being

studied and avoid artifacts. The poten-

tial for artifacts was obvious given that

all sorts of spurious currents interfered

with the measurements, and the rela-

tively low probability of recording a

single ion channel for any length of

time. Out of these efforts, clear proce-

dures evolved to uniquely ‘‘finger-

print’’ the various types of ion

channels being discovered. Ion chan-

nels could be uniquely distinguished by

their ionic conductance, selectivity,

kinetics, and sensitivity to a vast array

of pharmacological agents (2). These

standards ensured the reproducibility of

the experiments being carried out, un-

derpinning an explosive understanding

of ion transport in membranes, which

has impacted medicine broadly (3).

Since the advent of single ion channel

recordings, many other types of single-

molecule recordings have been devel-

oped (4–8). However, single-molecule

sensitivity always challenges the inves-

tigator with a large background of

spurious signals and interactions, unre-

lated to the process that we want to

study. Although in the ion channel

field the fingerprinting standards that

evolved were clear and effective, it has

proven difficult to develop a similar

level of rigor for all types of single-

molecule recordings. These difficulties

quickly become apparent in the rapidly

developing field of single protein me-

chanics, where a stretching force is

applied to a protein by means of optical

tweezers or an atomic force microscope

(AFM) (9–11). By analogy with the ion

channel example, it became essential to

develop mechanical fingerprints that

would work at the single-molecule

level. Luckily, a well-defined mechan-

ical fingerprint results from stretching

tandem modular proteins. As a modular

protein is extended, the sequential

stretching and unfolding of its individ-

ual modules results in a characteristic

‘‘saw-tooth pattern’’ in the force-exten-

sion relationship. In a saw-tooth pattern,

the distribution of peak force values is a

measure of the protein’s mechanical

stability, whereas the regular spacing

between peaks measures the increase in

contour length, which counts the num-

ber of amino acids released by the

unfolding event (12). Furthermore, the

precise way in which the force rises up

to each peak, can be analyzed using

models of polymer elasticity,measuring

the flexibility of the protein polymer

through a parameter that is known in the

literature as ‘‘persistence length’’. De-

tection of a regularly spaced saw-tooth

pattern, combined with the measure-

ment of these three parameters, have

been shown to provide a well-defined

single-molecule fingerprint that permits

the identification of a protein with a

level of rigor comparable to that of the

ion channel field (13). However, all

these studies were donewith engineered

or native tandem modular proteins of

known sequence and well-defined iden-

tity. By contrast, Wetherbee and col-

leagues now apply these procedures to

investigate the unknown molecular

species present in the adhesive plaque

of a benthic (grows attached to rocks

and larger algae) diatom (Toxarium
undulatum). A simple procedure al-

lowed fresh diatoms to adhere to a petri

dish and the large adhesive pad of the

diatoms could then be probed with an

AFM while the live cell remained

attached. They found that they could

easily pick up micron-long molecules

that upon stretching yielded highly

repeatable saw-tooth patterns with a

peak-to-peak spacing of ;34 nm.

Furthermore, they found that once fully

extended and unfolded, the same mol-

ecule could be relaxed and extended

again for over 600 times while repro-

ducing the same saw-tooth pattern

shape, indicating rapid and efficient

refolding of the molecular structure.

Evidently, this suits the biology of the

diatom that must remain attached de-

spite the fluctuating shear of the surf.

The biggest surprise came from their

observation that the peak forces ob-

served averaged ;800 pN, which was

3–10 times bigger than the typical peak

force observed in titin, fibronectin, and

other modular proteins. At the same

time, the persistence length measured

from these traces was unusually small,

0.026 nm, one-tenth of the persistence

length measured in single modular

proteins. The authors reconciled these

observations by proposing that they are

stretching native adhesive fibers com-

posed of multiple modular proteins

arranged in parallel that unfold and

refold in register. This molecular ar-

rangement is attractive because it ex-

plains the high unfolding force peaks

(each peak results from a module
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unfolding in each fiber simultaneously,

adding up the force) as well as the low

persistence lengths observed (the appa-

rent persistence length scales with the

reciprocal of the number of parallel

molecules). The possibilities ahead are

very exciting. Their important predic-

tions regarding the molecular structure

of the adhesive polymer can be exam-

ined in future experiments. Further-

more, similarly to the expression

cloning methods used to identify ion

channel genes, the mechanical finger-

printing of molecular species with an

AFMcan be used to sort and identify the

gene or genes encoding the molecule(s)

composing the T. undulatum adhesive

fibers.
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