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ABSTRACT 

A significant number of fatal diseases are classified as protein deposition disorders, in which a 
normally soluble protein is deposited in an insoluble amyloid form. It has been reported that 
tetracycline exhibits anti-amyloidogenic activity by inhibiting aggregate formation and 
disaggregating preformed fibrils. In this work, we examined the effect induced by the presence 
of tetracycline on the fibrillogenesis and cytotoxicity of the amyloid-forming apomyoglobin 
mutant W7FW14F. Like other amyloid-forming proteins, early prefibrillar aggregates formed by 
this protein are highly cytotoxic, whereas insoluble mature fibrils are not. The effect induced by 
tetracycline on the fibrillation process has been examined by atomic force microscopy, light 
scattering, DPH staining, and thioflavin T fluorescence. The cytotoxicity of the amyloid 
aggregates was estimated by measuring cell viability using MTT assay. The results show that 
tetracycline acts as anti-aggregating agent, which inhibits the fibril elongation process but not the 
early aggregation steps leading to the formation of soluble oligomeric aggregates. Thus, this 
inhibition keeps the W7FW14F mutant in a prefibrillar, highly cytotoxic state. In this respect, a 
careful usage of tetracycline as fibril inhibitor is indicated. 
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n the protein deposition disorders, a normally soluble protein is deposited in an insoluble 
form, as either fibrils or amorphous precipitates (1). In addition to systemic amyloidoses, 
many neurodegenerative disorders, including Alzheimer’s, Huntington’s, Parkinson’s, and 

prion diseases, belong to this category. Although the details of the relationship between protein 
deposition and degeneration are not clear, it is thought that the aggregation process plays an 
important role in impairing cellular function, ultimately leading to death of involved cells (2, 3). 
Extensive research is therefore being carried out to tackle the prevention and treatment of these 
diseases. To achieve this aim, it is crucial to understand the mechanism and molecular details of 

I 



the pathological conversion of amyloidogenic proteins into fibrillar structures. Until very 
recently, it was thought that only a small number of polypeptide chains associated with clinical 
disorders were able to form amyloid fibrils. A number of recent studies have, however, shown 
that proteins unrelated to diseases, under suitable conditions, can form aggregates in vitro with 
structural and cytotoxic properties that closely resemble those of the amyloid fibrils that are 
formed in diseased tissues (4–7). These observations have led to the hypothesis that the ability to 
form amyloid structures is a generic property of proteins resulting from stable interactions 
primarily involving the main chain that is common to all polypeptides (8–10). Despite major 
differences in the sequences and structures of the peptides and proteins involved, the fibrillar 
forms of the aggregates are observed to be similar in their morphologies, typically being 
unbranched with diameters of 5–10 nm, and to have a common cross-β structure (11–17). These 
findings suggest that a common molecular mechanism could underlie all such amyloid diseases 
(10). 

The events leading to the transformation of a soluble protein into insoluble amyloid fibrils 
consist in a conformational change that exposes part of the main chain and hydrophobic residues 
to the solvent under conditions in which intermolecular interactions can take place. This process 
leads to the formation of species competent for self-association, which assemble in amyloid 
fibrils after a nucleation-polymerization mechanism (18–21). In most cases, the path of fibril 
formation begin with prefibrillar kinetic precursors, collectively indicated as protofibrils or 
soluble oligomeric intermediates, which appear as globules 2.5–5.0 nm in diameter or larger, 
with an intrinsic tendency to further organize into pore-like annular and tubular structures (22–
24). The interest for such prefibrillar intermediates has recently grown, since in most of cases, 
they have been shown to display the highest cytotoxicity, whereas mature fibrils appear less 
toxic or even harmless (8, 25–29). The specific mechanism by which these species appear to 
mediate their toxic effects is not completely understood; probably, toxicity is mediated by 
common structural features shared by prefibrillar precursors (30, 31). These results have led to 
the proposal that the molecular basis of cell and tissue impairment may be related to the transient 
appearance of prefibrillar assemblies, under conditions where their intracellular levels rise due to 
any dysfunction of the cellular clearing machineries (32). 

In our precedent papers (33, 34), we reported that the W7FW14F apomyoglobin mutant is not 
able to correctly fold at physiological pH and room temperature and forms aggregates that appear 
granular by electron microscopy, possess extensive β-sheet structure as revealed by circular 
dichroism, and have the ability to bind specific dyes such as Congo red and thioflavin T (Tht). 
Mature amyloid fibrils subsequently are generated by populations of prefibrillar aggregates (33). 
As observed for other amyloidogenic proteins, contrary to mature fibrils, these early aggregates 
were shown to be toxic to cultured cells when added to the culture media (34). 

The identification of molecules that inhibit protein deposition or reverse fibril formation may be 
a critical step toward a better understanding of the pathophysiology of deposits and their 
discovery could open new avenues for therapeutic intervention. Numerous compounds have been 
shown to inhibit specific amyloid fibril formation in vitro (35–42). Two of these agents, i.e., 4′-
iodo-4′-deoxydoxorubicin and tetracyclines, have also been reported to reverse amyloid 
aggregation (38, 40, 41). The present investigation was to test the potential generality of this 
finding examining the effect of these agents on the formation and dissociation of W7FW14F 
apomyoglobin amyloid-like fibrils. In particular, we focused our attention on tetracyclines, 



which have been reported to inhibit aggregation in several amyloid disorders. This class of 
antibiotics presents a safe toxicological profile and, thus, is a good candidate for treatment of 
amyloid-related disease. They bind to amyloid fibrils of human prion protein (PrP), hinder their 
assembly, and revert the protease resistance of PrP aggregates extracted from brain tissue of 
patients with Creutzfeldt-Jacob disease (43). In addition, they inhibit transthyretin and Aβ 
amyloid aggregate formation and disassemble preformed fibrils (38, 41). 

Our results demonstrated that tetracycline inhibits W7FW14F apomyoglobin fibrillogenesis but 
does not cause disaggregation of existing fibrils. Moreover, we investigated the nature and 
toxicity of the species generated by the action of tetracycline during apomyoglobin amyloid 
fibrillogenesis. The results showed that the drug produces highly toxic intermediate species, thus 
suggesting that “amyloid fibril inhibitors” could lead to more pronounced pathology owing to the 
accumulation of soluble disease-associated oligomers. 

MATERIALS AND METHODS 

Protein purification 

Wild-type and W7FW14F myoglobin were expressed in Escherichia coli M15[pREP4] strain 
and purified as described previously (33, 34) with some modifications. The wild-type myoglobin 
was expressed in soluble form and purified under native conditions. The heme was removed by 
the 2-butanone extraction procedure (44). The W7FW14F mutant was sequestered into insoluble 
inclusion bodies and purified under denaturing conditions. Refolding was achieved by removing 
denaturant by dialysis against 10 mM NaH2PO4 pH 2.0, containing decreasing concentrations of 
urea. The purity of protein samples was assessed by SDS-PAGE. The protein concentration was 
determined by measuring the absorbance at 280 and 275 nm for the wild-type and mutant 
protein, respectively, using extinction coefficients of ε280 = 13,500 M−1·cm−1 and ε275 = 3750 
M−1·cm−1. 

Fibril formation 

Solutions of 40 μM W7FW14F apomyoglobin in 10 mM NaH2PO4 pH 2.0 were adjusted at pH 
7.0; this results in the formation of protein aggregates in a prefibrillar form that turn into mature 
fibrils in 7 days (34). The fibril formation was monitored by ThT fluorescence and transmission 
electron microscopy (TEM). 

Incubation of protein aggregates with tetracycline 

Tetracycline (Sigma) was dissolved in dimethyl sulfoxide (DMSO) at concentration of 10 mM; 
typically, a protein/drug molar ratio of 1:5 was used; 40 μM of W7FW14F apomyoglobin in 10 
mM NaH2PO4 pH 2.0 were adjusted at pH 7.0 and incubated with 200 μM of tetracycline. 
Aliquots were taken at different times of incubation. 

Atomic force microscopy 

Tapping mode atomic force microscopy (AFM) in air was performed by using a Solver Pro 
scanning probe microscope (NT-MDT, Moscow, Russia). Rectangular silicon cantilevers 100 
µm long with resonant frequencies in the range 190–325 kHz and a nominal force constant 



between 5.5 and 22.5 N/m (typical 11.5 N/m) were used. AFM images with size between 5 and 
15 µm were recorded at a scan rate below 1 Hz with 256 × 256 pixels per image. The cantilevers 
had integrated tips with a curvature radius of 10 nm and a tip cone angle <220. 

The W7FW14F apomyoglobin samples were diluted to a concentration of 50 nM in 2 mM 
MgCl2. Immediately afterward 10–20 µl of protein solution were deposited onto freshly cleaved 
ruby mica. The sample was incubated for 2 min, rinsed with water, and blown dry with nitrogen 
at 0.5 bar. 

Dynamic light-scattering measurements 

Due to their Brownian motion, particles moving in solution give rise to fluctuations in the 
intensity of the scattered light. Scattered light at 90° was detected and analyzed with a 
Brookhaven (BI-9000AT) digital correlator using a laboratory-built setup equipped with a 10 
mW He–Ne laser, λ = 632,8 nm. The autocorrelator generates the homodyne intensity–intensity 
correlation function g(2)(q,t) that, for a Gaussian distribution of the intensity profile of the 
scattered light, is related to the electric field correlation function g(1)(q,t) by 
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where A and B are the experimental baseline and the constant depending on the optic system, 
respectively. 

For polydisperse particles, g(1)(q,t) is given by 
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Here, G(Γ) is the normalized number distribution function for the decay constant Γ = q2DT, 
where q = (4πn/λ)sin(θ/2) is the scattering vector with n, the solvent refractive index and DT, the 
translational diffusion coefficient. The hydrodynamic radius RH is easily calculated from DT 
through the Stokes–Einstein relationship: 
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where kB is the Boltzmann’s constant, T the temperature, and η is the viscosity of the medium. 

For suspensions having a narrow size distribution, Eq. 2 can be expanded to a second order term, 
according to (45): 
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where TD  is the mean of the diffusion coefficient and μ2 is the variance of the distribution. 



For polydisperse systems, particle size distributions were determined from the Laplace inversion 
of autocorrelation function g(1)(q,t) using the constrained regularization CONTIN algorithm (46), 
searching for the smoothest nonnegative solution consistent with the experimental data. 

Forty micromoles of protein in 10 mM NaH2PO4 pH 4.0 were passed through 0.2 μm cut-off 
filter before adjustment to pH 7.0. Measurements were performed after 1 and 7 days of 
tetracycline incubation. 

ThT fluorescence measurements 

Samples containing 8 μM of protein were mixed with 25 μM ThT in 10 mM phosphate buffer. 
ThT fluorescence was determined by a Perkin Elmer Life Sciences LS 55 spectrofluorimeter at 
the excitation and emission wavelengths of 450 and 482 nm, respectively. The fluorescence 
intensity at 482 nm was corrected by subtracting the emission intensity recorded before the 
addition of protein to ThT solutions. The fluorescence values of the samples containing only 
tetracycline were determined and subtracted from the values of the samples containing 
apomyoglobin fibrils incubated with drug. 

Cell culture and incubation with protein aggregates 

NIH-3T3 cells (mouse fibroblasts, American Type Culture Collection) were cultured in 
Dulbecco’s modified Eagle’s medium-high glucose supplemented with 10% bovine calf serum 
and 3.0 mM glutamine in a 5.0% CO2 humidified environment at 37°C; 50 U/ml penicillin and 
50 μg/ml streptomycin were added to the medium. The cells were plated at a density of 100,000 
cells/well on 12-well plates in 1 ml of medium for MTT assay and at a density of 30,000 cells on 
coverslips for DPH staining. After 24 h, protein samples were diluted and added to cell media at 
final concentration of 20 μM in culture medium. One hundred micromoles of tetracycline were 
added to cells incubated with the samples treated with the drug. Cells incubated with culture 
medium without protein in the absence and in the presence of 100 μM tetracycline served as 
control. 

MTT assay 

Cell viability was assessed as the inhibition of the ability of cells to reduce the metabolic dye 
MTT to a blue formazan product (47). After 24 h of incubation with protein samples, cells were 
rinsed with PBS. One hundred microliters of a stock MTT solution (5 mg/ml in PBS) were then 
added to 900 μl of DMEM without phenol red containing 10% bovine calf serum/well, and 
incubation was continued for an additional 3 h. The medium was aspirated, and cells were 
treated with isopropyl alcohol-0.1 M HCl for 20 min. Levels of reduced MTT were determined 
by measuring the difference in absorbance at 570 and 690 nm. 

DPH staining 

After 24 h of incubation with protein samples, slides were fixed by immersing them for 10 min 
in 4% paraformaldehyde in PBS and stained by adding 10 μM DPH (Molecular Probes) in 
culture medium for 3 h at 37°C. Cells were rinsed twice in PBS, mounted in antifade, and 
observed under a Nikon E-1000 fluorescence microscope by using the filter combination UV-2A 



(330-380 nm excitation, DM 400, BA 420). Images were captured by using a Coolsnal CF 
(Photometrics) color camera connected with the microscope by using ×10 and ×100 lenses. 

RESULTS 

The apomyoglobin mutant W7FW14F is known to be not able to correctly fold into a native-like 
conformation and to form amyloid aggregates at physiological pH (33). The kinetics of in vitro 
formation of W7FW14F apomyoglobin fibrils shows the classical sigmoidal behavior of 
aggregating systems, usually attributed to a nucleation-dependent polymerization (48). In 
addition, the oligomeric intermediates in aggregation (granular aggregates and protofibrils) are 
the critical toxic species (34). It has been reported that tetracycline exhibits anti-amyloidogenic 
activity on transthyretin and Aβ amyloid not only by inhibiting the aggregate formation but also 
by disassembling the preformed fibrils (38, 41). We performed several experiments to determine 
whether tetracycline shows the same anti-amyloidogenic activity on W7FW14F apomyoglobin 
mutant. 

Tetracycline inhibits W7FW14F apomyoglobin fibrillation 

We monitored the effect of tetracycline on fibril formation by using ThT fluorescence assay, 
AFM, light-scattering, and SDS-PAGE over a period of 15 days. ThT is a fluorescent dye that is 
known to reliably detect the formation of amyloid fibrils. The emission intensity of the dye is 
known to increase significantly upon binding to the linear array of β-strands in the amyloid 
fibrils (49–51). Early apomyoglobin aggregates (formed immediately after pH adjustment to 7.0) 
were incubated with tetracycline at a protein/drug molar ratio of 1:5, and aliquots of sample were 
tested for ThT fluorescence assay at different times. This ratio was chosen on the basis of the 
dose-response effect showed by tetracycline on ThT binding to β 1-42 fibrils (38). Incubation of 
W7FW14F apomyoglobin aggregates with tetracycline inhibited the ThT fluorescence increase 
normally observed on time (Fig. 1), thus suggesting that tetracycline inhibits the formation of 
fibrils from early aggregates. In fact, the amyloidogenic protein incubated with the drug showed 
a constant low fluorescence level for all observation times, while the control had a logarithmic 
increase of fluorescence intensity after 3–5 days. Similar results were obtained testing higher 
protein/drugs molar ratios (1:10 and 1:15) and longer time of tetracycline incubation (21 days). 

AFM was used to study the morphological features induced by incubation of W7FW14F 
apomyoglobin aggregates with tetracycline. Only globular structures (5 nm radius) were 
observed in the early stages of aggregation both in the presence and in the absence of tetracycline 
(Fig. 2A–B). After 7 days from the beginning of the aggregation process, the globular structures 
disappeared almost completely and mature fibrils were formed in the protein control, while in the 
presence of tetracycline only globular structures were observed (Fig. 2C–D). The same results 
were obtained after 15 days of incubation (Fig. 2E–F). These results indicated that the 
tetracycline influences the fibrillogenesis process of W7FW14F apomyoglobin, inhibiting the 
formation of mature fibrils from granular aggregates. 

Dynamic light-scattering was used to confirm the fibrillogenesis inhibitory properties of 
tetracycline. The insets of Fig. 3 show the normalized autocorrelation functions g(1)(t) relative to 
amyloid-forming apomyoglobin incubated in the presence and in the absence of tetracycline. 
Determinations were performed after 1 and 7 days of incubation at protein/drug molar ratio of 



1:5. The size distribution calculated from the normalized autocorrelation function is shown in 
figure. The average diameter of the aggregates formed in the presence of tetracycline was lower 
than that of controls both at shorter and longer time of incubation. In particular, after 7 days, 
samples incubated with the drug showed two populations of aggregates having average diameters 
of 0.2 and 1.4 μm. On the other hand, controls exhibited 5 μm average diameter aggregates. 
Similar results were obtained with a higher protein/drug molar ratio (1:50). These data indicated 
that tetracycline prevents the conversion of soluble oligomeric intermediates in mature fibrils. 

Additional confirmation on fibrillogenesis inhibitory properties of tetracycline was obtained by 
incubating the early apomyoglobin aggregates with the drug and removing aliquots at different 
times. These were then centrifuged, and the pellet and supernatant fractions were analyzed by 
SDS-PAGE. The results are shown in Fig. 4. In the absence of tetracycline the band 
corresponding to the protein in the pellet increased with time and simultaneously decreased the 
supernatant fraction indicating the conversion of the soluble oligomeric species in the amyloid 
fibrils. On the contrary, in the presence of tetracycline the band relative to the supernatant 
fraction was unchanged. 

The effect of tetracycline was also investigated adding the drug to apomyoglobin sample at pH 
4.0, i.e., in conditions in which the protein adopts a soluble, monomeric state (33, 34), and, then, 
neutralized to pH 7.0. The results were similar to those obtained adding the drug to the early 
apomyoglobin aggregates immediately formed at pH 7.0. 

Effect of tetracycline on mature fibrils: fibril disaggregation experiments 

We performed experiments to determine whether tetracycline could dissolve preformed fibrils of 
W7FW14F apomyoglobin. The fibril dissociation was monitored by ThT fluorescence, AFM, 
and dynamic light scattering. Mature fibrils (7 days aged) of W7FW14F apomyoglobin were 
incubated with tetracycline at molar ratio of 1:5 and ThT fluorescence was measured 
immediately and at different times over 15 day period (Fig. 5). The ThT signal remained 
essentially constant, thus indicating that tetracycline does not dissolve apomyoglobin fibrils. 
These data were confirmed by AFM images showing that fibrils are present after 8 days of 
tetracycline incubation. Even longer incubation times (15 days) did not determine dissolution of 
fibrils that were 1 nm wide and 12 μm long, indistinguishable from those of the untreated sample 
(Fig. 6). Further additions of drug to preparation during incubation time (1:10, 1:15, and 1:25 
protein/drug molar ratio) did not lead to disruption of the fibrillar material into granular 
aggregates or soluble protein, thus indicating that tetracycline does not show fibril disrupter 
activity on W7FW14F apomyoglobin fibrils. Dynamic light scattering experiments (data not 
shown) further confirmed that tetracycline does not have any disruptive activity on 
apomyoglobin amyloid fibrils. 

Effect of tetracycline on cytotoxicity of W7FW14F amyloid aggregates 

The nature and toxicity of the species generated by the action of tetracycline was investigated by 
MTT assay that is a rapid and sensitive indicator of amyloid-mediated toxicity. A decrease in 
reduced MTT concentrations is generally observed in the presence of soluble prefibrillar 
oligomers whereas fibrils do not have effect (8, 31, 32, 34). In particular, we tested the toxicity 
associated with the different species formed during W7FW14F apomyoglobin fibril assembly in 



the presence and in the absence of drug at a protein/drug molar ratio of 1:5. The results are 
showed in Fig. 7. As expected, in the absence of tetracycline, early prefibrillar aggregates were 
toxic (about MTT 55% reduction), whereas mature fibrils (7 and 15 days aged) did not produce 
significant decreased level of MTT reduction revealing the absence of toxicity. Incubation with 
tetracycline for 7 and 15 days produced highly toxic species as compared with untreated 
samples. These results show that the tetracycline treatment inhibits fibril formation producing 
soluble oligomeric species with a significant cytotoxicity. Similar results were observed when 
tetracycline is added to protein sample at pH 4.0 and, then, adjusted at pH 7.0. Incubation with 
tetracycline at a protein/drug molar ratio of 1:2.5 for 7 and 15 days did not affect cell viability 
indicating a dose response effect of drug. The effect of higher molar ratio was not tested because 
tetracycline was toxic to cells. 

To further study the effect of tetracycline on fibril growth, we examined cultured fibroblasts 
incubated with W7FW14F apomyoglobin aggregates formed in the presence and in the absence 
of the drug, by using 1,6-diphenyl-1,3,5-hexatriene (DPH) staining. DPH is a rod-shaped 
molecule soluble and highly fluorescent only in a hydrophobic environment, like that existing in 
the interior of cell membranes (52–54). Figure 8 shows the results. In control cells, DPH appears 
homogeneously distributed on cell membrane, whereas it is not incorporated in the nuclear 
membrane. Incubation for 24 h with early apomyoglobin aggregates both in the presence and in 
the absence of tetracycline determines cell aggregation with a concomitant formation of an 
inhomogeneous DPH coat (Fig. 8B and C). This is probably due to DPH binding to protein 
aggregates that interact with cell membrane. Figure 8 also shows the effect of protein aggregates 
grown for 15 days in the absence (D) and in the presence (E) of tetracycline. Cells incubated for 
24 h with protein samples grown in the absence of drug did not show aggregation and 
inhomogeneous fluorescence coating, thus indicating that mature aggregates do not interact with 
cell membrane. By contrast, protein samples grown in the presence of drug determined the same 
effect observed for early aggregates. 

DISCUSSION 

Inhibition of amyloid fibril formation is considered a key prospect therapeutic approach toward 
amyloid-related diseases. In this respect, molecules that inhibit aggregation may lead to therapies 
to prevent or control the corresponding diseases. There is growing evidence that early 
intermediates involved in the aggregation process leading to amyloid structures are much more 
cytotoxic than the mature amyloid fibrils. The toxicity of these early aggregates seems to derive 
from an intrinsic ability to impair fundamental cellular processes by interacting with cellular 
membranes, causing oxidative stress and increase in free Ca2+ that eventually lead to apoptotic or 
necrotic cell death (30, 55–58). However, there is not evidence that in vivo, in patients, the 
soluble fibril precursors can have a toxic effect in the absence of amyloid deposits. The finding 
of molecules that prevent amyloid formation by intercepting the misfolded protein is the 
common strategy that has been pursued in the development of molecule amyloid inhibitors. 
Recently, it is been reported that tetracycline exhibits antiamyloidogenic properties by inhibiting 
aggregate formation and disaggregating preformed fibrils (38, 41). 

We tested the effects of tetracycline on the amyloid-forming apomyoglobin mutant. Our data 
indicate that the presence of tetracycline interferes with W7FW14F apomyoglobin fibril 
extension rather than to inhibit initiation of fibrillogenesis, keeping the protein in the status of 



highly cytotoxic prefibrillar precursors. In fact, using ThT as probe for fibril maturation, we 
observed that the presence of tetracycline in the incubation medium prevents any further increase 
of fluorescence intensity. Moreover, AFM images show the lack of mature fibrils and the 
persistence of granular aggregates in protein samples incubated with the drug. The inhibition of 
fibril extension could be caused by the interaction of tetracycline with apomyoglobin oligomers 
hindering their growth into mature fibrils. Alternatively, tetracycline could interact with 
monomers still present in solution hampering their recruitment by the already formed oligomers. 
However, this possibility seems less likely, since no difference was observed adding tetracycline 
either to the monomeric protein or early aggregates. The persistence of granular aggregates able 
to interact with cell membranes is responsible for the high cytotoxicity exhibited by W7FW14F 
mutant apomyoglobin incubated in the presence of tetracycline. Generally, the relatively low 
cytotoxicity of mature fibrils as compared with precursor aggregates is due to the fact that in the 
former species most of the regions able to interact with cellular compartments are largely buried 
and isolated from the cellular environment. In this respect, the increased cytotoxicity of the 
samples treated with tetracycline could be due to the formation of smaller aggregates that are 
more reactive because of their higher flexibility that could facilitate the cell membrane 
interaction. 

Using DPH as membrane probe, we observed that the presence of granular aggregates induces 
cell aggregation; this is probably due to the formation of a membrane-bound protein aggregate 
coat connecting adjacent cells. Mature fibrils do not cause cell aggregation. Protein samples 
incubated with tetracycline determine cell aggregation as observed for early soluble oligomeric 
aggregates. 

The persistence of cytotoxicity in protein sample treated with tetracycline is in contrast with 
previously published results (41). In fact, it has been reported that incubation with tetracycline 
prevents fibril formation and determines lack of cytotoxicity. The discrepancy could be due to 
the higher drug concentration used in the cited paper that made necessary to wash the samples to 
remove the excess of drug before cytotoxic assay. In this manner, if soluble oligomeric 
prefibrillar aggregates were present, they were removed by the washing treatment. It is worthy to 
note that several compounds recently discovered to disrupt fibrillar structures prevalently 
produce oligomeric aggregated species. 

Our studies also revealed that tetracycline does not show disrupter activity on W7FW14F 
apomyoglobin fibrils. In our case, since only few protein segments are involved in the formation 
of the cross- β-sheet fibrillar structure (unpublished data), the remainder of the molecule could 
obstacle the accessibility of tetracycline to the fibril core, thus preventing the formation of the 
preferential noncovalent interactions responsible for the dissolution of the fibrils. 

Our findings have important implications for the development of therapeutic agents of protein 
deposition diseases. If fibrillar proteins contribute to cell degeneration, then the disassembly of 
fibrils may reverse or slow down disease progression; however, if the action of therapeutic 
agents produces intermediates of fibrillation and/or products of fibril disaggregation, then their 
accumulation could be harmful. In this respect, a careful usage of tetracycline as fibril inhibitor 
is indicated because of the accumulation of toxic precursors. 
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Fig. 1 
 

 

Figure 1. W7FW14F apomyoglobin fibrillogenesis monitored by ThT fluorescence emission in the presence (�) and in 
the absence (♦) of tetracycline. Protein concentration was 8 µM, and protein/drug molar ratio was 1:5. The presence of 
tetracycline inhibits the ThT fluorescence increase normally observed on time. 

 

 


