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Abstract

Single molecule measurements of protein dynamics help unveil the complex conformational 

changes and transitions that occur during ligand binding and catalytic processes. Using high-

resolution single molecule nanocircuit techniques, we have investigated differences in the 

conformational dynamics and transitions of lysozyme interacting with three ligands: peptidoglycan 

substrate, substrate-based chitin analog, and indole derivative inhibitors. While processing 

peptidoglycan, lysozyme followed one of two mechanistic pathways for the hydrolysis of the 

glycosidic bonds: a concerted mechanism inducing direct conformational changes from open 

to fully closed conformations, or a nonconcerted mechanism involving transient pauses in 

intermediate conformations between the open and closed conformations. In the presence of 

either chitin or indole inhibitor, lysozyme was unable to access the fully closed conformation 

where catalysis occurs. Instead, lysozymes’ conformational closures terminated at slightly closed, 

“excited” conformations that were approximately one quarter of the full hinge-bending range. 

With the indole inhibitor, lysozyme reached this excited conformation in a single step without any 

evidence of rate-liming intermediates, but the same conformational motions with chitin involved 

three hidden, intermediate processes and features similar to the nonconcerted peptidoglycan 

mechanism. The similarities suggest that these hidden processes involve attempts to accommodate 

imperfectly aligned polysaccharides in the active site. The results provide a detailed glimpse of the 

enzyme-ligand interplay at the crux of molecular recognition, enzyme specificity, and catalysis.
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INTRODUCTION

A central question in biochemistry is the mechanisms that control conformational changes 

during dynamic protein-ligand interactions. Theoretically, two models have been proposed: 

proteins have a small number of pre-selected global conformational states to complement 

ligand structure, or particular ligands induce the protein conformation to adopt their 

structure.1–3 Both models are grounded in proteins’ remarkable flexibility upon ligand 

binding, which originates from soft fluctuations of atoms and residues.4–7 In addition, the 

catalytic power of enzymes depends on conformational fluctuation and transition, which 

contribute to their dramatic specificity and the affinity of ligand interactions. Identifying the 

dynamic properties of protein conformations and protein-ligand interactions improves our 

understanding of the underlying mechanisms and many biological processes associated with 

disease development.8

Recent advances of single-molecule techniques significantly extend our knowledge of 

enzyme-ligand interactions by revealing the dynamics of enzyme activity. In studies of 

T4 lysozyme, single-molecule Forster resonance energy transfer experiments observed 

dynamic hinge-bending and conformational changes of lysozyme during the hydrolysis of 

peptidoglycan substrate;9, 10 and single-molecule nanocircuit techniques have uncovered 

long-lived intermediate conformations during lysozyme’s opening and closing transitions.11 

Recently, a hybrid fluorescence spectroscopic toolkit approach combining several single and 

ensemble biochemical assays also observed transient conformational states in lysozyme’s 

hinge bending motion, finding these intermediates to be abundant and critical in enzyme 

catalysis.12

In this work, we extend the study of lysozyme’s conformational dynamics by comparing 

intermediary transients formed between lysozyme and three different substrates. Taking 

advantage of the lysozyme nanocircuit approach and its temporal resolution of 2 μs, we 

compared lysozyme interacting with peptidoglycan substrate, substrate-based chitin analog, 

and nonspecific indole-3-propinoic acid (IPA) inhibitor. Long- and short-lived pauses were 

observed for each type of enzyme-ligand interaction, revealing short-lived conformational 

states that might be intermediates, alternate transition pathways, or conformational dead 

ends. The nanocircuit technique enabled the collection of single-molecule data from three 

different substrates, the quantitative analysis of which produced detailed transitional kinetics 

and free energy profiles revealing how lysozyme interacts differently with each ligand.

METHODS

A pseudo wild-type T4 lysozyme mutant (C54T/C97A/S90C) was synthesized via 

site-directed mutagenesis and expressed from Escherichia coli cells, as previously 

described.13–15 The single-walled carbon nanotube field effect transistor (SWNT FET) 

fabricated by CVD synthesis and standard lithography techniques16 was soaked in a solution 

of bifunctional linker molecule, N-(1pyrenyl)maleimide in ethanol (1mM) for 30 min, 

washed with 0.1% Tween-20 in ethanol and deionized water, and then incubated in the 

lysozyme solution (5.4 μM in PBS) for 60 min. On average, about 1 protein attachment 

in every two devices was confirmed by imaging the devices with atomic force microscopy 
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(Figure 1a). Once the attachment conditions were determined for a given batch of enzyme, 

the attachment yield remained constant. The scheme has been used successfully to produce 

specific, single-protein attachments across many (>100) devices and multiple lysozyme 

variants.11, 16–18 Afterward, the device was rinsed with wash buffer (5 mM KCl, 10 mM 

Na2HPO4, 0.05% Tween-20, pH 7) and inserted into a home-built microfluidic flow cell to 

perform high-bandwidth electrical measurements. The devices were monitored (> 10 min) 

in PBS solutions or substrates (peptidoglycan, chitin, indole-3-propinoic acid) suspended in 

PBS (25 μg/ml). The source-drain current I(t) was measured using a FEMTO DLPCA-200 

low noise preamplifier operating at 108 V/A gain (1.8 μs rise time) with source-drain bias 

of 100 mV and electrolyte potential held constant at a bias of −0.1 to −0.4 V (vs. Pt pseudo-

reference electrode). Similar methods have been described in previous publications.11, 16–18 

Materials and methods are described in more detail in the Supporting Information.

RESULTS AND DISCUSSION

As in previous work with single-lysozyme nanocircuits, electronic recordings clearly 

resolved the conformational dynamics-driven interactions with peptidoglycan substrate 

(Figure 1). Measured in buffer without peptidoglycan, the nanocircuit’s source-drain current 

fluctuations ΔI(t) showed featureless current noise with a simple Gaussian distribution 

(Figure 1b). Peptidoglycan in the solution generated additional two-level ΔI(t) fluctuations 

(Figure 1c). Following the determinations of previous studies,16 the ΔI(t) = 0 baseline 

was associated with the lowest-energy, open conformation, in which lysozyme sits 

when substrate is absent; and then ΔI(t) increased as lysozyme’s two main subdomains 

closed upon the substrate in an 8 Å, hinge-bending motion.19–21 The two distinct 

signal levels shown in Figure 1c represent measurements of lysozyme’s open and closed 

conformations and the dynamics of motions between these two states. Each individual 

closure can be characterized by a waiting time in the open state (τopen), a duration in the 

closed state (τclosed) and an instantaneous fluctuation rate k = 1/(τopen + τclosed). With 

peptidoglycan, previous single-molecule nanocircuit and fluorescence resonance energy 

transfer experiments revealed that the closures readily separated into two distinct categories: 

the enzyme spends multiple seconds processing at a slow, enzymatic turnover rate of 20 – 90 

Hz, and then it transitions to a fast, nonproductive movement at 200 – 400 Hz.16, 19 The two 

categories of motion do not intermix, so the enzyme’s instantaneous state can be determined 

by inspecting only a few events. In Figure 1c, for example, relatively fast repetitions at 

k = 326 s−1 illustrate the latter category of catalytically nonproductive motions associated 

with encountering peptidoglycan’s nonhydrolyzable cross-links.9, 14, 22 Figure 1d shows 

the category corresponding to catalytic hydrolysis of the peptidoglycan, characterized by 

slower rates k = 52 s−1 and durations <τclosed> = 3.7 ms that lasted almost 30 times longer 

than the nonproductive closures. For both the nonproductive and catalytic distributions, the 

magnitude of current fluctuations can be converted into an effective gating voltage ΔVeff = 

ΔI(dI/dV)−1 that is a device-independent measure of the extent of conformational motion; 

the value ΔVeff = 180 mV observed here matches previous lysozyme nanocircuit work16, 18 

and confirms our assignments to the open and closed conformations.

With both peptidoglycan and nonhydrolyazable substrates, lysozyme exhibited transient 

pauses at conformations intermediate between the open and closed states, and these 
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intermediates were the main focus of this study. The segment of ΔI(t) signal in Figure 

1d is an illustrative example selected for its unusually dense collection of pauses with 

peptidoglycan. This one example shows transient pauses occuring during an open-to-closed 

transition (at t = 7 ms), a closed-to-open transition (t = 10 ms), and an open-to-open 

fluctuation (t = 52 ms). These three types of pauses, along with a closed-to-closed transient, 

form a two-by-two matrix of transition probabilities, kinetics, and complexity that extend 

the simple, open-or-closed lysozyme model. All four types contribute to a single, small-

amplitude peak in the ΔI(t) histogram at ΔVeff = 94 mV (Figure 1c,d), corresponding to an 

intermediate conformation that is approximately halfway closed.

For detailed quantitative and statistical analysis of each type of transient pause, more than 

600 seconds of single-molecule I(t) recordings were collected with each substrate. Pauses 

were then identified with threshold filters, categorized, and accumulated into probability 

density (PD) functions. Each PD was fitted to the N-consecutive Poisson distribution,

P t, λ, N = λNtN − 1

Γ N e−λt, (1)

where λ is the shared rate, N is the number of Poisson processes degenerated in the 

durations, t is pause duration, and Γ is the gamma function.23 The results obtained with 

peptidoglycan are depicted graphically in Figure 2 and in tabular form with detailed kinetic 

parameters in the Supporting Information (Table S1). The results obtained with chitin and 

IPA are presented in Figure 3 and Table S2.

Focusing first on peptidoglycan, we observe that lysozyme’s slow, catalytic motions were 

characterized by multiple transition pathways (Figure 2a,b). Approximately 75% of opening 

and closing movements proceeded in a single step without interruption. The simplest 

pathway for enzyme catalysis is frequently represented by the Michaelis-Menten mechanism 

E + S ⇌ ES1 ⇀ EP1 ⇀ E + P, in which an enzyme E and a substrate S bind to form 

an ES1 complex, transform into an EP1 complex, and then separate, releasing the product 

P.24 While this simple representation was appropriate for the majority of transitions, the 

remaining 25% transitions were interrupted by transient pauses. The PDs of pauses during 

opening and pauses during closing are overlaid in Figure 2a to highlight the near-identical 

kinetics in both directions. Both PDs peaked at durations of 450 to 500 μs and fit Eq. 1 with 

N = 4, indicating at least four processes and three intermediate states.

Figure 2b is a schematic energy landscape depicting the direct and indirect pathways and 

the exact probabilities for each. Black arrows represent single-step transitions in each 

catalytic half-cycle, and red or blue arrows suggest the indirect pathways through additional 

intermediates. When closing upon peptidoglycan, 73% of events proceeded directly to the 

EP state in a single step and 27% were interrupted by a transient pause at an intermediate 

configuration. From this intermediate, 19% of the motions reversed themselves back to the 

open conformation (green), with only 8% of the motions progressing into the completely 

closed EP state (red). Similar probabilities were observed for the second half of the catalytic 

cycle: 77% of transitions opened in a single step, 9% of transitions proceeded through an 
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intermediate state to reopen (blue), and 14% of transitions reclosed after pausing in an 

intermediate state (green).

Statistical analysis found the opening and closing pauses to be uncorrelated and largely 

governed by the same probability p ≈ 75% as the primary direct transitions. In other words, 

the fraction of complete cycles interrupted by 0, 1, or 2 pauses was approximately equal to 

(1-p)2, 2p(1-p), and p2, as one would predict for a memoryless system in which opening 

and closing were independent processes. Figure 1d has been constructed to provide an 

illustrative but rare example of a cycle with 2 visible pauses (before and after t = 10 ms), a 

coincidence observed in only 1% of all events.

Analysis of the transition pathways during lysozyme’s nonproductive opening and closing 

revealed two major differences from the catalytic motions described above. Firstly, the PD 

for transient pauses fit Eq. 1 with N = 1, indicating a single intermediate state (Figure 2c) 

that did not include multiple processes. The mean duration for pauses in this intermediate 

was 380 to 410 μs, comparable to the most probable durations (i.e. the peak of the PD) 

in Figure 2a. Secondly, almost all nonproductive transients occurred during aborted closing 

motions, examples of which are shown in Figure S1. 30% of all closing motions exhibited 

interruptions, with 29% of the events returning to the fully open configuration from the 

intermediate state. Only 1% of all events paused in the intermediate before proceeding to the 

closed configuration, and only 2% of all reopening motions exhibited any transient pauses at 

all (Figure 2).

The peptidoglycan results described here are consistent with a mechanistic model proposed 

in previous work.11 Specifically, the majority of lysozyme motions occur along a simple, 

short pathway in which lysozyme smoothly and continuously changes its conformation 

between open and closed without accessing intermediate conformations. Lysozyme’s closure 

twists the N-acetylmuramic acid (NAM) in peptidoglycan from an undistorted chair to 

a distorted skew boat conformation, straining the glycosidic bond to the adjacent N-

actylglucosamine (NAG) residue and making it susceptible to hydrolysis.25 This catalytic 

pathway is inaccessible when the NAG-NAM subunit is misaligned with lysozyme’s 

active site, so we previously proposed11 that a nonconcerted pathway of intermediate 

conformations might provide an opportunity for the peptidoglycan side chains to reposition. 

Figure 2 provides evidence for intermediate conformations in which lysozyme pauses while 

partly closed, perhaps allowing for limited realignment and stabilization of the lysozyme-

peptidoglycan complex. The experimental ratio of 8% successes to 19% reversals suggests 

that this realignment enables the fully closed conformation in about 1/3 of the attempts, 

realizing a modest improvement in the closure probability. On the other hand, sometimes 

lysozyme closes upon an nonhydrolyzable cross-link. In these nonproductive motions, the 

intermediates are either inaccessible or not meaningful, leading to the near-complete reversal 

of partial closures in a single step (N = 1), as shown in Figures 2c and 2d. Regardless 

of the correct interpretation, we note that all of the intermediates are associated with partly-

closed conformations and therefore not directly involved in the chemical step of glycosidic 

hydrolysis.10, 11
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The near symmetry of transient kinetics during closing and opening suggests that the 

intermediate states play equally important roles in both parts of the catalytic cycle. The 

lack of correlated pairings, on the other hand, makes it seem unlikely that the reopening 

pauses are caused by certain peptidoglycan misorientations or symmetric, constrained 

conformational pathways. Instead, intermediate states might help the fraction of saccharide 

diffuse out of the active site, a product release step that is not energetically favorable. 

There might also be error-checking roles that halt reopening after unsuccessful hydrolysis. 

Experimentally, lysozyme returned to its closed conformation in 14% of partial re-openings 

when it was closed upon hydrolyzable polysaccharides (Figure 2b), whereas the same states 

only reverted 0.4% of openings upon the nonhydrolyzable cross-links. The difference, along 

with the different failure rates for closing upon cross-links, indicates that the essential 

structural feature of ligands plays a dominant role in lysozyme’s conformational dynamics.

To further examine this idea of ligand dependence, we applied a similar analysis of 

intermediate states to the conformational dynamics of lysozyme with two additional 

substrates, a chitin analog of peptidoglycan and a non-specific IPA inhibitor. Chitin is a 

homopolysaccharide, structurally similar to peptidoglycan with no tetra peptide side chain 

in N-acetylmuramic acid residue.26 Lysozyme binds to chitin because of structural similarity 

with peptidoglycan, but it cannot hydrolyze chitin.27, 28 On the other hand, indole derivatives 

including IPA have been found to be substrate-competing inhibitors that nonspecifically 

bind to lysozyme’s active site and inhibit activity.29, 30 These charactistics made IPA 

and chitin good candidates for investigating the effects of ligand structures on lysozyme’s 

conformational motions.

Figure 3 shows that dynamic ΔI(t) fluctuations continued to be observed when the lysozyme 

nanodevice was probed with either IPA or chitin. These fluctuations, along with ΔI(t) 
histograms fitting two or three Gaussian peaks, indicated activity beyond lysozyme’s 

thermal motions (Figure 1b) and supported the premise that lysozyme actively interacted 

with both ligands. On the other hand, smaller fluctuation magnitudes and ΔVeff values 

indicated that lysozyme was no longer achieving the same degree of closure with these 

ligands. With IPA, for example, lysozyme’s transient state was located at ΔVeff = 42 ± 

3 mV (Figure 3a), a value less than half of the intermediate state described above for 

peptidoglycan and only 23% of the value of the fully-closed conformation. The direct 

relationship between ΔVeff and mechanical hinge-bending indicates that these transient 

conformations were only slight motions away from the open conformation.

Additional analysis of the kinetics of lysozyme-IPA interactions further suggested very weak 

binding. The transition rate between them was measured to be 750 s−1, more than twice 

the rate for the fast, nonproductive closings and openings upon peptidoglycan cross-links. 

The transients lasted only 0.12 ms, on average, and the PD fit to Eq. 1 with N = 1. These 

detailed parameters, which are summarized in Table S2 and depicted in Figure 3c, indicated 

a single-step process into and out of a slightly-closed conformational shoulder of the open 

conformation’s potential well, as illustrated in the inset of Figure 3c. The IPA interaction 

could be described as inducing a briefly-occupied, ‘excited’ conformation in lysozyme, with 

no evidence of rate-limiting intermediates.
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These observations are consistent with IPA’s chemical structure. Since IPA does not 

have polysaccharide units nor tetra peptides, it cannot induce lysozyme’s fully closed 

conformation or access any of the intermediates ESi for aligning ligands in the active site. 

According to theoretical modeling, nonspecific interactions cause minimal conformational 

changes in lysozyme.31 Instead, IPA enters a hydrophobic region of the active site and may 

cause distortion of the active site, along with charge redistribution of lysozyme.29, 30

Similar results were observed for nonspecific lysozyme-chitin interactions. When chitin 

was present, transient fluctuations occurred to two excited conformations (named 1 and 2) 

located at ΔVeff = 25 ± 2 mV and 40 ± 2 mV, again small fractions of lysozyme’s full 

range. As with IPA, fluctuations occurred rapidly at rates of 500 to 550 s−1 and with short 

average durations of 0.16 and 0.09 ms, all indicative of weak interactions. However, the 

duration PDs with chitin indicated N = 3 (for 1) and N = 2 (for 2) transition processes 

containing additional hidden intermediates. The difference between N = 1 for IPA and N 
> 1 for chitin suggests two very different interactions, and we conclude that the similar 

ΔVeff values were coincidental rather than evidence that both molecules induce the same 

conformation in lysozyme.

The presence of two distinct intermediate states 1 and 2 with chitin enabled further 

comparison and analysis of higher order transitions and kinetics. For example, the 

probability was nearly identical for transitions into either 1 or 2, with neither state being 

favored. This randomization probably indicates that both excited conformations were well 

within lysozyme’s range of thermal fluctuations. On the other hand, the average duration 

spent in 1 was nearly twice as long as for 2, so Figure 3d depicts 1 at a lower, more 

thermodynamically favorable energy. When leaving state 1 or 2, thermalization again 

randomized the process, so that the probability of lysozyme returning to the ground state 

was only 71 ± 3%. This thermalization, which likely involved the N = 2 intermediating 

steps, led to a memoryless series of high-order transitions like 0-1-2-0, 0-1-2-1-0, etc. with 

probabilities p(n) = 0.71n for each order n. Exact values from one data set are provided 

in Tables 1 and S2, demonstrating that random transitions between 1 and 2 persisted at all 

orders.

These chitin transition probabilities reveal the third instance where one of two mechanistic 

pathways is favored by a 70% probability bias, despite evidence of memoryless 

thermalization. To recapitulate, lysozyme closes in a single step upon peptidoglycan with 

a 70% probability, pausing at an intermediate in the other 30% of cases. From that 

intermediate state, lysozyme reopens with a 70% probability but fully closes in the other 

30% of attempts (except with nonhydrolyzable crosslinks, which always reopen). And when 

partly closed on chitin, lysozyme again has a 70% probability of reopening, with the other 

30% of events resulting in a transition between excited states 1 and 2. All three cases 

maintain a similar bias equivalent to ΔG = 0.5 to 0.6 kcal/mol, and we conclude that the 

energy landscape for different conformations is indeed biased towards certain pathways 

and configurations. However, the magnitude of the energy difference is essentially equal to 

thermal energy at room temperature and only a fraction of the energy of a strained bond or 

a weak hydrogen bond. Consequently, this bias might be undetectable in structural models 
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or high-temperature molecular dynamics simulations. Perhaps thermal fluctuations play an 

unexplored role in achieving the bias for one transition pathway over another.

Another important comparison can be drawn between the number of intermediate processes 

observed with peptidoglycan, IPA, and chitin. In the two noncatalytic cases of IPA and 

nonhydrolyazable peptidoglycan crosslinks, lysozyme exited its transient conformation in 

a single step N = 1 with no evidence of intermediate processes. Transient conformations 

testing chitin and peptidoglycan, on the other hand, involved multiple processes N = 

2 to 4. Above, we have proposed that peptidoglycan’s N = 4 processes may involve 

critical reorientations of peptidoglycan’s NAG-NAM subunit that stabilize the lysozyme-

peptidoglycan complex for catalysis.21, 32 Similar orientational realignments are possible for 

the acetamido group in chitin’s NAG residues,28 but incomplete adoption and alignment 

of this peptide-free homopolysaccharide probably limits the full range of lysozyme’s 

hinge motion. Our observation of conformational transitions between open and excited 

conformations agrees with previous lysozyme studies with chitin,27, 28 and clearly 

demonstrates the allosteric role of the peptide in peptidoglycan and its contribution to the 

enzyme specificity and overall catalytic activity. Taken together, results from chitin and 

IPA reveal that the rejection of those ligands takes place in excited conformations that are 

far from the closed conformation, and that chitin and peptidoglycan share similar hidden 

processes in partly-closed conformations. These transient, intermediary conformations 

clearly depend on the ligand structures and play crucial roles in the overall process called 

molecular recognition.

CONCLUSIONS

Using the high-resolution single lysozyme nanocircuit approach, we have observed ligand-

dependent, distinct conformational states of lysozyme and dynamic interconversion between 

open, intermediate, and fully closed conformations. When interacting with the peptidoglycan 

substrate, lysozyme was able to smoothly reach the fully closed, hydrolysis-ready 

conformation with approximately 10% of interrupting pauses because of the nonconcerted 

mechanism. In contrast, the dynamic interactions with peptide-free chitin and nonspecific 

inhibitor IPA showed minimal conformational changes of lysozyme from open to very 

slightly closed, excited conformations with fast transition rates. Despite having similarities, 

the presence of hidden intermediates and two excited conformations in the chitin interactions 

helped make lysozyme’s binding and unbinding kinetics with chitin very distinct from those 

with either IPA or peptidoglycan. These observations of ligand-dependent conformational 

dynamics reveal the trajectories of the induced-fit mechanism for enzyme catalysis, in which 

ligand structure couples to conformational changes on microsecond time scales to achieve 

enzyme specificity and catalysis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Electronic recordings of lysozyme conformational dynamics. (a) A schematic diagram of 

the lysozyme nanocircuit (top) and an atomic force microscopy topography of the device 

showing a single lysozyme attached on the sidewall of SWNT (bottom, yellow arrow). 

The scale bar is 500 nm. (b) A small subset of I(t) measured in the phosphate buffer 

and a histogram with Gaussian fit to a longer, 20-second segment. (c) Nonproductive 

motions of lysozyme with peptidoglycan substrate exhibited rapid two-level I(t) fluctuations 

corresponding to lysozyme’s open and closed conformations. The device I(Vg) curve (right) 

determines the level spacing ΔVeff that is a device-independent measure of the extent of 

conformational motion. (d) Catalytic motions of lysozyme with peptidoglycan substrate 

exhibited slower I(t) fluctuations in which intermediate states are more clearly seen in both 

the signal and its histogram.
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Figure 2. 
Probability density (PD) of intermediate conformations with peptidoglycan substrate. (a) 

Pause durations during opening (blue circles) and closing (red squares) accumulated during 

slow, catalytic processing of the substrate. Solid curves display fits to the N-consecutive 

Poisson distribution (Eq. 1). The inset shows a schematic of the Michaelis-Menten 

mechanism, where E, S, P, and i indicate enzyme, substrate, product, and ith intermediate 

states, respectively. (b) Schematic diagrams illustrating conformational transitions with 

probabilities during closing (top) and opening (bottom) motions during the slow, catalytic 

process. (c) PD of opening (blue circles) and closing (red squares) durations accumulated 

from fast, nonproductive process. (d) Schematic diagrams illustrating conformational 

transitions with probabilities during the fast, nonproductive process. Transition probabilities 

lower than 2% are not indicated.
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Figure 3. 
Conformational dynamics of lysozyme with IPA and chitin. I(t) measured in either (a) IPA 

or (b) chitin, with histograms, Gaussian peak fitting, and the ΔVeff associated with each 

conformation. PDs for the durations of (c) the single excited conformation with IPA or (d) 

the two excited conformations with chitin, with solid lines for fits to the N-consecutive 

Poisson distribution (Eq. 1). Each inset depicts the potential well of lysozyme’s open 

conformation and transient excursions to the excited conformations.
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Table 1.

Conformational transition order and probability of lysozyme with chitin.

Transition
1st order 2nd order 3rd order

higher order Total
0-1-0 0-2-0 0-1-2-0 0-2-1-0 0-1-2-1-0 0-2-1-2-0

Occurrence (%) 7660 (36.7) 7785 (37.2) 1499 (7.2) 1510 (7.2) 880 (4.2) 557 (2.7) 1003 (4.8) 20894 (100)
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