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ings can be adjusted to match the clinically measured 
properties and aberration content of "normal" biologi
cal eyes. Factors such as the Stiles-Crawford effect, 
polychromatic response, and diffraction are also 
included. These parameters are readily entered into lens 
design software, which calculates the square wave fre
quency response of the eye. The square wave response 
describes the modulation in the image of a bar target. 
For detection of the bar target to occur, the retina and 
brain require its modulation to be greater than a 
threshold level. The maximum spatial frequency where 
the modulation is above threshold is the visual resolu
tion limit or visual acuity. Visual acuity predictions 
using this technique correlate well with clinical mea
surements. 

The modeling process can also include parameters 
specific to the visual performance of individuals. As an 
initial customization step, the surface height variations 
of the anterior corneal surface, as clinically measured 
with a videokeratoscope, are applied to the model. The 
residual height variations present in the corneal height 
data are found by decomposing the measured height 
into orthogonal Zernike polynomials.2 The Zernike 
coefficients corresponding to the base sphere and astig
matism are removed to reveal the height artifacts. By 
using the surface interferogram feature found in some 
lens design programs, the artifacts are added to the 
cornea of the schematic eye to evaluate the optical 
effect on visual performance. 

Accurate modeling of the visual system has applica
tion to refractive surgery, ocular maladies, and the 
design and prescription of spectacle, contact, and 
intraocular lenses. In particular, radial keratotomy (RK) 
uses a spoke-like pattern of incisions around the 
periphery of the cornea to flatten the corneal shape. 
Zernike decomposition of the RK cornea, shows an 
artifact with bumps at each incision location (roughly 
15 μm peak-to-valley). An example of an artifact for an 
eight incision RK procedure is shown in Figure 1. These 
techniques should also be applicable to photorefractive 

keratectomy (PRK) which uses a laser to ablate corneal 
tissue and sculpt the corneal surface into a desired 
shape or curvature. The modeling procedure can be 
used to help plan the surgical procedure and to predict 
the resulting visual performance of the patient. 
Furthermore, tolerances on centering these surgical 
procedures on the cornea can be defined. The visual 
model can also determine the optical effects of kerato
conus, which is characterized by a localized bulge in the 
cornea. 
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Watching Proteins Fold with 
Transient Laser Spectroscopy 
Vinod Subramaniam, Nils Bergenhem, Ari Gafni, 
and Duncan Steel, University of Michigan, Ann 
Arbor, Mich. 

T he processes by which a protein's amino acid 
sequence forms a unique three-dimensional struc

ture remains one of the most challenging issues in fun
damental and applied biomolecular science. Studies of 
this biological problem are complicated by the need to 
study dynamical behavior involving small populations 
of transient species in a solution environment. 
However, the use of advanced transient laser spec
troscopy techniques based on intrinsic chromophores 
provides a powerful means to study this problem. 

Specifically, recent research has shown that time-
resolved room temperature phosphorescence (RTP) of 
tryptophan (Trp) provides a means to study the 
dynamics associated with different regions of the pro
tein surrounding the emitting Trp residue. The RTP 
lifetime is an extremely sensitive indicator of the rigidi
ty of the region surrounding the phosphorescing Trp 
residue, and can range over five orders of magnitude. 
The triplet state lifetime of Trp in a highly rigid 
hydrophobic region may be longer than 1 sec while for 
a highly mobile Trp residue near the surface, the RTP 
lifetime is on the order of tens of microseconds. The 
RTP lifetime can then be used as a highly sensitive 
detector of local conformational changes. 

Using conventional laser techniques to produce tun
able pulsed emission in the region within the Trp 
absorption spectrum (typically around 290 nm) and 
modern high speed optical collection and photon 
counting electronics, it is possible to study, in real time, 
the unfolding and refolding of the bacterial protein 
alkaline phosphatase (AP) as well as other proteins. 
Using conventional commercial instrumentation, this Figure 1. Artifact for an eight incision radial keratotomy procedure. 
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capability would have been virtually impossible because 
of the slow rate of data collection. 

Measurements of the time evolution of the RTP life
time during unfolding and refolding show the presence 
of several transient intermediate states, including states 
with significantly altered core structure—all of which 
exhibit complete biological activity. Moreover, the 
refolding of alkaline phosphatase following denatura
tion reveals a relatively fast refolding leading to the bio
logically active state, while laser spectroscopy measure
ments show a soft core which is annealing to the native
like state on a time-scale long compared to the return of 
activity. 

The general behavior is illustrated in Figure 1, where 
both biological activity and the average RTP lifetime are 
shown as a function of time after the denatured protein 
begins to refold. The biological activity reaches its 
asymptotic value in one hour at 24°C while in contrast, 
the structural rigidity of the hydrophobic core of the 
protein, monitored by the recovery of RTP lifetime, 
returns to its characteristic native-like value over several 
days. The active refolded protein also shows increased 
chemical instability for early times.1 The slow annealing 

of the core is consistent with the presence of high ener
gy barriers relative to k B T that separate fully active 
intermediate states along the folding pathway, a 
description suggested in the rugged energy landscape 
model.2 

The great sensitivity of the RTP lifetime to the local 
environment of the emitting Trp provides an excellent 
local probe of the protein structure, and is capable of 
measuring small changes not detectable by other com
monly used biophysical techniques such as circular 
dichroism or fluorescence spectroscopies. Advances in 
molecular biology techniques that permit site-directed 
mutagenesis open up vast possibilities of engineering 
phosphorescent residues into existing protein struc
tures to act as "beacons" in the study of folding of pro
teins, ligand binding, and drug design and delivery. 
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Magnetic Resonance Imaging 
with Laser-Polarized Noble 
Gases 
Bastiaan Driehuys, Joseph Henry Laboratories, 
Princeton University, Princeton, N.J. 

In its present form, magnetic resonance imaging 
(MRI) produces images by mapping the hydrogen 

nuclei in the tissues of the body. A new implementation 
of MRI using laser-polarized noble gases has recently 
been demonstrated wherein lasers are used to enhance 
the MR signal from noble gases such as 3He and 1 2 9 Xe, 
making them easily observable in a conventional MRI 
scanner. Initial experiments have yielded spectacular 
MR images of the lungs of laboratory animals, and 
recently, images of human lungs. This technology 
should provide functional information that may be 
important in evaluating and treating a wide range of 
respiratory problems such as emphysema and asthma. 

Princeton University physicists have used the tech
niques of optical pumping and spin exchange to impart 
extremely large nuclear spin polarizations to noble 
gases. The MR signal per nucleus from these gases is 105 

times larger than corresponding proton signals in con
ventional MRI. Thus, MR imaging of laser-polarized 
noble gases becomes possible, easily overcoming the 
signal loss due to the low density of the gas. Optical 
pumping uses a laser tuned to the 795 nm resonance of 
rubidium to create a nearly 100% electron spin polar
ization in the Rb vapor. Spin exchange then collisionally 

Figure 1. a) Recovery of biological activity of bacterial alkaline phos
phatase (AP) following renaturation. The enzyme activity returns to 
its asymptotic value in about 1 hour. b) Recovery of room tempera
ture p h o s p h o r e s c e n c e lifetime of AP following renaturation. The 
native RTP lifetime is approached on a t imesca le of days following 
initiation of refolding. 
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