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Amyloid beta (Aβ) peptide is associated with initiation and progression of Alzheimer’s disease 

(AD). It is derived from the amyloid precursor protein (APP) via proteolytic cleavage by - and 

-secretases. The cytotoxic “full-length” Aβ peptide has 42 amino acid residues: 

DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA. Various fragments of A, 

such as Aβ25-35, have been found in AD brain. Aβ25-35 (underlined in above sequence) causes 

neuronal damage and synaptic dysfunction. These peptides can misfold to create seeds, which 

trigger further misfolding and aggregation of other Aβ peptides and the tau protein. Several 

hypotheses exist that attempt to explain Aβ cytotoxicity. Popular ideas include:  

o Aβ’s erratic binding to several receptors causes deregulation, and ultimately results in 

neuronal necrosis or apoptosis.  

o Aβ embeds into neuronal membranes and forms pores, causing membrane leakage and 

imbalance in ionic homeostasis, eventually leading to neuronal necrosis.   

In this work, we provide experimental evidence that Aβ25-35 forms ion-conducting pores in lipid 

vesicle membranes. The anionic charge of the membrane aids the formation in pores. 

Moreover, increasing fractions of cholesterol augment peptide-induced calcium release from the 

vesicles, implying stabilization of the pores by cholesterol. Further studies will include solid-

state NMR to identify the atomic-resolution structure of Ab25-35 pores. 
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The amyloid beta (A) peptide is causatively linked to Alzheimer’s disease (AD). Recent studies 

have pointed to soluble oligomers of A and not fibrillar A as the neurotoxic entities in AD. A 

is derived from the amyloid precursor protein, a bitopic glycoprotein in neuronal membranes, by 

cleavage in the transmembrane and extracellular juxtamembrane regions by - and -secretases, 

respectively. The peptide occurs in varying forms in terms of the number of amino acid residues 

and posttranslational modifications. Poor sequence specificity of -secretase leads to variations 

in the C-terminus, resulting in 40, 42, and 49 amino acids long A molecules, with the 42- and 

40-residue species (A1-42  and A1-40) being the most prevalent forms. N-terminally truncated 

and pyroglutamylated (at Glu3 or Glu11) A peptides (A-pE) have been identified in AD brain 

at significant quantities and have been shown to possess augmented cytotoxicity. The molecular 

bases for distinct toxicities of A1-42 vs. A1-40 and unmodified A vs. pyroglutamylated 

Aremain to be elucidated. In this project the secondary structures of A1-40, ApE 3-40 and, their 

equimolar combination were investigated by Fourier transform infrared spectroscopy. Using 
13

C-

labeled A1-40 allowed dissection of individual structures in combined samples. We have found 

that ApE3-40 inhibits formation of the cross -sheet structure typical to fibrils. This inhibition 

may enhance formation of off-pathway lower molecular weight aggregates of enhanced toxicity. 
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We study the conformations of a single DNA molecule confined in a nano-channel. First, under 

equilibrium state, depending on the relative ratio of the persistence length to the channel width, 

we show that only two distinct regimes for the extension of the molecule exist. In the first regime 

the DNA is pictured as a series of blobs, and in the second regime the DNA chain deflects back 

and forth off the wall. Secondly, we study the conformations of the DNA when dynamically 

compressed by a sliding piston. We are interested in the monomer density profile when the 

piston is pushing from one end of the molecule and being retracted away later. We also show 

interesting behaviors of the DNA when pushed inside a very narrow nano-channel. 
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This research is to elucidate the assembly mechanism of retroviral capsid (CA) protein. The 

retroviral CA protein is derived from the cleavage of Gag protein in the maturation process, and 

self-assembles into a polymorphic fullerene-like form enclosing the viral genome materials. 

Retroviral CA proteins, for instance, HIV and RSV CA, share little sequence similarity and a 

common 3D structure, but form distinct CA assemblies in vivo and a range of similar assemblies 

in vitro. Due to the strong polymorphism, such assemblies are difficult to be studied by 

conventional structural biology techniques such as X-ray diffraction and cryo-electron 

microscopy. Solid-state NMR spectroscopy is the ideal platform to study these CA protein 

assemblies to obtain site-specific structural and dynamic information. However, it is challenging 

to make sequential assignments based on multidimensional spectra acquired with these 

polymorphic samples and the protein sizes about 25.6 kDa (> 230 residues), showing highly 

overlapping peaks and broadened line widths in the spectra.   

We were able to sequentially assign 233 residues of the 237 residue RSV CA protein in 

its tubular assembly by combining spectra acquired at high fields and strategic sparsely and 

selectively labeled samples. We demonstrated that highly uniform tubular assembly can be 

prepared in suitable conditions. Screened by TEM, our tubular assembly exhibits sharp 6-fold 

symmetry under diffraction, indicating quality similar to quasi-crystalline samples. With such 

samples, we obtained spectra with good resolution where linewidth of 
13

C and 
15

N are 0.4 ppm 

and 0.6 ppm, respectively. A series of ssNMR spectra were acquired with uniformly 
13

C and 
15

N 

labeled samples, including 2D and 3D NCACX, NCOCX and CANCX. In spite of the sharp 

linewidth, signals with 
15

N resonances between 116-120 ppm still exhibit considerable 

congestion. To further resolve signals unambiguously, sparsely labeled samples (1, 3-
13

C and 2-
13

C labeled glycerol) were prepared. In addition, two samples with selective residue uniformly 
13

C labeled (leucine and arginine) were prepared to further consolidate the assignments, since 

they are the most populated residues in the sequence and show up in the most congested spectral 

region. Combined, we were able to sequentially assign 234 out of the 237-residue CA protein in 

its tubular assembly, with assistance of the Monte Carlo Simulated Annealing (MCSA) 

algorithm. Based on the sequential assignments, secondary structure and dynamics were derived 

by Talos N.   
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DbpA is an Escherichia coli DEAD-box RNA helicase involved in RNA isomerization in the 

peptidyl transferase center.  Ribosome assembly is a very coordinated process. The time DbpA 

reaches the ribosomal RNA and the time it stays bound there influences the order of binding of 

other proteins to the peptidyl transferase center and the formation of alternative RNA structures. 

We used surface plasmon resonance to determine microscopic rate constants of DbpA 

association and dissociation to a fragment of the ribosomal RNA. This is the first time that the 

rates of association and of dissociation a DEAD-box protein to its cognate RNA have been 

measured. The binding of DbpA to the RNA is a one-step binding process. Moreover, both the 

microscopic rate constants of association and dissociation are very large. Furthermore, we 

measured the equilibrium constant (KD) of DbpA binding to the RNA in the presence of various 

monovalent salt concentration. The plot of log (KD) versus log [K
+
] is linear and its slope 

suggests that 2 to 3 K
+
 are released upon protein binding to RNA. 
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The diheme enzyme, MauG catalyzes the completion of tryptophan tryptophylquinone (TTQ) 

biosynthesis within a precursor protein of methylamine dehydrogenase (MADH), thus generating 

a catalytic and redox center in the protein from the otherwise inert tryptophan residues. This 

posttranslational modification is a six-electron oxidation that requires crosslinking of two 

tryptophan residues, oxygenation of a tryptophan residue and oxidation of the resulting quinol to 

TTQ. During these reactions MauG cycles through a unique bis-Fe(IV) intermediate with one 

heme as Fe(IV)=O and the other as Fe(IV) with the two axial ligands provided by histidine and 

tyrosine residues. The crystal of the MauG-preMADH complex reveals that the hemes of MauG 



 

 

are distant from the site at which preMADH binds. Thus, catalysis does not involve direct 

contact between the protein substrate and either heme of MauG. Instead, this enzyme performs 

remote catalysis using a hole-hopping mechanism of electron transfer in which specific 

intervening amino acid residues of MauG are reversibly oxidized. In this manner, long range 

electron transfer is efficiently coupled to the radical-mediated chemical reactions that are 

required for TTQ biosynthesis. If the bis-Fe(IV) intermediate is generated in the absence of the 

substrate, it is unusually stable but eventual oxidizes specific methionine residues on MauG 

which inactivates the enzyme. The unusual mechanisms by which the catalytic and self-

inactivating reactions occur, and the implications of these results will be discussed.  
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