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Future Work
• Perform experiments in single-molecule conditions to determine 

subpopulations of conformations. 

• Perform studies on pH 5 conformation of aB-Crystallin to get an ac-
curate picture of the conformational changes. 

• Perform experiments on aB-Crystallin and aggregating proteins 
such as g-Crystallin.

FRET Efficiencies with Corresponding Distances
• The FRET Efficiencies vary across pH’s indicating a con-

formational change dependent on pH. This matches pre-
vious literature. 

• These are bulk measurements which could overshadow 
subpopulations by averaging.

Graphical Representation of Data
• Interpreting the 2D data in a 3D structure is difficult as 

we lack orientation data. 
• Single molecule data that should demonstrate the bi-di-

rectionality of the C-terminus should aid us determining 
its orientation.

I. Characterizing Chaperone FunctionAbstract
Alpha-Crystallin-B (aXB) is a small heat shock protein found mainly in the lens of the 
eye. There it serves two purposes: acting as a chaperone to prevent the misfolding of 
the other protein and contributing to the high protein concentrations required to focus 
light. When aXB chaperone function fails cataract formation begins. Understanding the 
dependence of the mechanism of aXB chaperone function on its oligomerization state 
will aid in the delay or prevention of cataracts. Oligomerization of alpha-crystallinB is 
pH dependent. We present a mechanism for the chaperone function of aXB using insu-
lin as a model system in which it is possible to induce aggregation. The relationship be-
tween oligomerization and chaperone function is tested by measuring the dependence 
of the onset of light scattering insulin aggregates on the oligomerization state of the 
aXB. Different oligomerization states can be induced by pre-incubating aXB at a range 
of pHs. Attenuated chaperone function is observed for aXB pre-incubated at elevated 
pH even when the assay itself takes place at pH 7.  These results are consistent with a 
model in which aXB is kinetically trapped into higher oligomer states at high pH and un-
able to return quickly to its functional equilibrium state upon dilution to neutral pH.  We 
will also test the generality of this model by extending our studies to Gamma-Crystallin.  
Finally, we will measure the contribution of the C-terminal strand to chaperone function 
and oligomerization using fluorescence resonance energy transfer (FRET).  Observa-
tion of pH dependent dynamics of the C-terminal strand will help to distinguish between 
strand-exchanged and dynamic states of the C-terminus, allowing its contribution to 
oligomerization and chaperone function to be probed. 

a-Crystallin 
• The small heat shock protein (sHSP) aB-crystallin (aBX) is con-

sidered to be ubiquitous, mainly expressed in the lens, muscle 
and brain. 

• Its main function is to prevent aggregation of other proteins 
through a “holdase” function, which maintains the protein unfold-
ed but not aggregated until other mechanisms can fold it or de-
stroy it. The exact mechanism of chaperone function is not truly 
understood.

• In the lens, aXB is at extremely high concentrations but at the 
same transparent. This is possible through the polydisperisty of 
the large oligomers aXB forms. There is a large Poisson distribu-
tion in size from 10-mers to 40-mers. Also the C-terminus of aXB 
has been determined to be key in the polydisperisty because of 
its palindromic sequence (IXI motif). 

• The oligomer is made up of aXB dimers that interact at the paral-
lel beta sheets b6/b7. These dimers come together to form larger 
oligomers thorugh inter-dimer interactions possible through b4/8 
and C-terminus IXI motif. 

• The oligomer interations have been shown to change by stress 
conditions, such as temperature changes, pH changes, and pres-
ence of aggregating proteins. 

• In this research we demonstrate that the chaperone function 
changes depending on the pH. This leads to the belief of the in-
tersection of oligomerization and function. 

• Previous studies have used techniques requiring the solid state of 
the protein therefore not displaying the dynamic qualities of aXB. 
In this research, we use FRET and single-molecule FRET to be 
sensiitive to the dynamic and diverse oligomer interactions. 

FRET Curves at Different pH
• The ratio of the donor and acceptor fluorescence chang-

es dramatically depending on the pH of aB-X. 
• It is apparent that the energy transfer is more efficient for 

pH9.

FRET Equation
• FRET Energy Effiency is a ratio of acceptor fluorescence 

Intensity and the total fluorescence intensity. This ratio is 
correlated to the distance and the Forster Radius, spe-
cific to the dye pair. 

• FRET technique very useful as fluorescence measure-
ments are taken in solution, rather than solid, and dem-
onstrate the dynamic and diverse nature of biological 
processes. 

Experimental Construct
• Two dyes A donor dye (AF555) and an acceptor dye 

(AF647) are placed on the protein through Cys muta-
tions at positions 97 and 162. 

• One dye is placed in the aX domain (position 97) as the 
point of reference and the other is placed on the C-termi-
nus (position 162), right next the end of the IXI motif, to 
track conformational changes. 

aXB Function Dependent on pH
• Experiments run at pH 7 to not disrupt the aggregation 

of insulin and limited by temporal rearrangements of 
oligomers. 

• Data represents the ratio of aXB:Insulin to reach 50% 
chaperone functino of aXB. 

• It concluded that chaperone function is altered by pH 
and, from previous literature, that pH affects oligomeriza-
tion. Therefore, leading to an intersection of function and 
oligomerization needed to be explored. 

II. Characterizing Oligomerization

FRET Curves at Different pH
• The donor fluorescence (AF555-aXB) decreases in the 

presence of the acceptor dye. 
• The acceptor fluorescence (AF647-aXB) increases in 

the presence of the donor dye. 
• These phenomena are characteristic of Forster Reso-

nance Energy Transfer between the two dyes acting as 
an indicator of aXB conformation. 


