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There is absolutely no doubt that bio-energy transport in protein molecules plays a key role in understanding var-
ious basic problems in life science. This topic, regarded as a “crisis in bioenergetics”, was discussed in depth in a
symposium of the New York Academy of Sciences in 1973. Since the first quantum mechanical model for vibrational
energy propagation down the α helix of a protein proposed by Davydov and Kislukha [1], various models have been
developed to unwind this mystery in biological systems. A soliton, a localized and dynamically self-sufficient soli-
tary wave, is believed to be the energy carrier through the α-helical protein structures. Started from the discovery
of the “wave of translation” by John Scott Russell in 1834, this interesting phenomenon is also observed in other
fluid-like systems such as plasmas and flowing sand, and in many other areas of physics involving nonlinear par-
tial differential equations, for example, the FitzHugh–Nagumo equations of nerve impulse propagation [2], and the
sine–Gordon equation in solid state physics and nonlinear optics [3]. Recently, great interest in this research area has
been further strengthened because of its applications in nanotechnologies, microelectronics, information storage de-
vices, and biosensors. The significance of this scientific topic has stretched beyond fundamental science into practical
utilizations.

One of the critical questions to ask about these energy transport models for protein is whether a soliton has a
sufficiently long lifetime to carry out the energy transfer along the polypeptide chains of the protein structure. Are
solitons really too delicate to survive in biology? Like other nonlinear scientific phenomenon, the system behavior
is relatively unpredictable and the solution is relatively hard to obtain. Yet scientists spared no effort in solving the
energy transport mechanism based on the soliton model. While biological solitons remain an abstruse concept and
their observation in protein is experimentally difficult (if not impossible), the theoretical framework may enable us to
gradually unveil the mysterious process of energy transport in life. Proteins are the major workers within the cells and
carrying out the functions described by the genetic codes: providing structural support, transmitting signals, catalyzing
reactions, and transporting molecules. Thus the fundamental understanding on the energy transport mechanism in
protein will also have great values to protein folding, conformational changes, and misfolding disease research.

Experimental data are needed to verify the mathematical modeling of the energy transport [4,5]. The first ev-
idence for the soliton-like state was obtained in the crystal of acetanilide [6,7]. Further evidence for self-trapped
states was observed in the organic crystal of N-methylacetamide (NMA) [8] and even in a small polypeptide
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poly-γ -benzyl-L-glutamate (PBLG) [9]. However, experimental evidences demonstrating the lifetimes of the vi-
brational states on various systems are in dire need. The direct evidence of the soliton stability at physiological
temperature is still scarce. Advanced experimental techniques and instruments such as the pump-and-probe experi-
ment [10], nanoscale calorimetry, and vibrational echo technique [11], are being developed for investigating vibration
solitons in protein molecules. The competition among different models has been going on over a couple of decades.
Probably, only experiments can resolve the difference and integrate them into a single comprehensive paradigm for
analyzing protein energy transport. The Pang’s review [12] provides an overview of this research area and gives an in-
depth comparison over all the proposed models. Moreover, it is suggested that the Pang’s model could deduce a carrier
soliton with higher binding energy, higher thermal stability, and longer lifetime of the order of 100 ps at 300 K. If this
is verified by future scientific developments, it will be a breakthrough for the vibrational excited states hypothesis.

Today, the “crisis in bioenergetics”, in fact, still goes on. No definite solution has emerged yet. The Pang’s review
may, after all, help to offer a survey and analysis of this whole “crisis” from the theoretical perspective.
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