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The third issue of RESONANCE, the newsletter of Hfiaois
Biophysics Society (IBS), UIUC chapter, offers mdime articles.
In this issue’'s feature article, Professor Deboratckband
discusses molecular-level force measurements
applications to biology by giving a well-roundediiev of current
techniques with interesting examples. Houbi Ngusfeares with us
the exciting protein-folding work that he and Pssfer Martin
Gruebele, along with several other prominent resegroups, have
participated in. Kathleen Brinkmann, placement awe at the
biotechnology center, gives us an overview of thé0o3x
Biotechnology Job Fair and Todd Holland investigatthe
usefulness of the Linux operating system.

Also present in this edition is an invitation torfizEipate in a
unique learning experience: a graduate student sgimm. To
make the symposium a reality, the IBS needs youwlement, so
please send in your abstract! Don’'t miss out as #xcellent
opportunity.

If you are interested in getting involved with #BS, you may e-
mail Amir Mirarefi, IBS president, at amiraref@adgsic.edu. For
additional information on the newsletter (or if yawuld like to
contribute), you may e-mail Derrick Kolling, ediforat
kolling@uiuc.edu.

Graduate Student Symposium Series

Amir Mirarefi

The IBS would like to propose hosting a biannualdgiate
student symposium series. The objective is to ffiaeego six
graduate students present a fifteen minute talthein research.
This opportunity would provide students with a of&to
familiarize other students with different areasexfearch and to
practice presenting their research. The audiencddnmnsist of
students, post docs, and faculty. The date fospiimg 2003
symposium will be close to the time of the Annu@hysics
Society meeting. Some of our reasons for organittirgevent are:

1. The Symposium will provide a forum where gradustudents
may prepare and present a research talk for a gesreral
audience, as opposed to one that they might prasentechnical
conference.

2. Faculty and graduate students will be exposedvwiide range of

aneir th

The new student welcoming party brought smileditthe
students’ faces

Professor John Whitmarsh'’s farewell party at theaBrCompany
drew a crowd.

biophysical research outside of their area of eigeer

3. A symposium will serve to facilitate interactbetween
graduate students and faculty members other thais advisor.

Our goal is to have all biophysics and computalibi@Eogy
faculty and all biophysics graduate students att&hdse who
would like to present should prepare an abstranbahore than
300 words. The abstracts should be submittedrelgcally to
Amir Mirarefi (amiraref@uiuc.eduby Jan. 15, 2003.
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Using Force Measurements to Study
Biological Molecules

Deborah Leckband

Dept. of Chemical and Biomolecular Engineering
Center for Biophysics and Computational Biology
University of Illinois at Urbana-Champaign

600 S. Mathews Ave.
Urbana, IL 61801
Ph: 217-244-0793 Fax: 217-333-5052

Introduction

Over the last decade, force probes have becomengady
powerful tools for investigating the properties bifological
molecules and their interactions. Several diffeteshniques have
been developed, but we can generally divide themo iwo
categories: techniques that measure forces assdowith single
molecules and those that measure forces betweeandad
surfaces, such as lipid membranes.

The ability to obtain useful information about biolecular
structures and their function by pushing or pulloygthem can be
appreciated by the fact that both inter- and inbieular forces
are intimately related to molecular structure awtd chemistry.
Forces between atoms or molecular groups statsézendary and

latter is estimated from the displacement of thigedrsupporting
the spring.

The SFA measures the forces between twacroscopic
curved surfaces (radius, R = 1-2 cm) as a funatictheir absolute
distance D between the surfaces (Fig. 1). The miistaD is

measured within +1 An situ by interferometr}. The absolute
force sensitivity (10 nN) of the SFA is lower thahe AFM.
Because forces between macroscopic surfaces scite the
surface dimensions (i.e.with the radius), this technique is
sufficiently sensitive to measure weak interactisgh as the van
der Waals attraction between membranes. The SRAeisonly
method that can measure the force F, the absolutéace
separation D, and the local geometry between twaxroscopic

surfaced. It is therefore used to obtain accurate measemésnof
the distance dependence of the force between trfacss.

The AFM, on the other hand, measuresréilative cantilever
displacement within +1 A, but the absolute sepanafd between

the surfaces cannot be determihed Nevertheless, the very
sensitive spring makes it possible to obtain vemensgive
measurements (~10 pN) of single molecule interastibetween
the small probe tips and the surface. This tealig particularly
well suited for measuring weak forces, such asfthee to break
single bonds.

tertiary macromolecular structures. The force eeet unfold a
protein, for example, is determined by the magmtudf the forces
that stabilize the protein’s structure. On theeotlhand, the
molecular architecture determines the spatial tiaria and
magnitude of the local force fields that contrad thteractions of
proteins, nucleic acids, and other biomoleculesnigasuring the
magnitude of the force between these charged nmlelgcwe can
qguantify the electrostatic potentials at proteinfares or the
electrostatic attraction between a protein and DNA.addition,
the distance dependence of the force needed to pusicells

together can be used to quantify, for example,ttiekness and
magnitude of the solvation barrier between two memés. These
links between molecular structure, chemical contmosi

conformational changes, and force all suggest fitvaes exerted
between biological molecules and their responsdotce can

provide unique information concerning relationshipstween
macromolecular structures, bond chemistry, and obioél

function.

Methods for Probing Protein Structure and Function with
Force

Although there are several methods for measurinteendar
forces, here we’ll focus on the surface force appasr (SFA) and

atomic force microscope (AFM) (Fig. ]i) These are the most
common tools for measuring forces between two sagar single
molecule forces, respectively. The basic pringplef force
measurements involve bringing a spherical probeoimtact with a
second surface (Fig. 1). Under the influence & fbrce that
develops between the materials on the probe arfigcsuthe spring
supporting the “probe” will deflect. Hook’s Law then used to
determine the force. Because the force field deeeth distance,
a second important parameter is the distance battheematerials.
Depending on the force probe, one can determineatimlute
distance between the two surfaces or the relatistamte. The

Figure 1. Schematic showing the sample geometry and paessnet
relevant to force measurements with the SFA and AHw curved
probe is supported on a cantilever spring with redaconstant K
In both SFA and AFM measurements, the cantilevetedon
qguantifies the intersurface force at each separatidhe probe
displacement is determined by the movement of tereal force-
generating system Do) and the cantilever deflectionD.). The
force F = DJK..
measured directly with the SFA by interferometsydetermined by
Do, D, and deformations in the soft substrateBs. The
dimensions of the AFM tip (R = 100-1000 A) are sigantly
smaller than the typical radius of the SFA propgR = -2 cm)

Mapping Intermolecular Potentials Using Dynamic Force
Spectroscopy

Several research groups use the sensitivity of AR to
measure the force required to pull apart singlaynboreceptor-
ligand complexes. Weak, noncovalent forces stabitieceptor-
ligand bonds, and the interaction potential migiikl something
like that shown in Fig. 2. Normally, a single rpt@-ligand pair
will dissociate spontaneously due to random therfho@tuations,
and the intrinsic bond lifetime can be estimateanfthe

continued on p. 3
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Figure 2. Hypothetical intermolecular potential showing the
effect of an applied force on the intermoleculateptial. The
minimum of the potential is atgddand the free energy of the bor
is G. In this case, the mechanical potential —fwben
superimposed on the bond potential, tilts the patbanergy
surface, and lowers the activation barrier gffidm E,;to E4e:

dissociation kinetics. Force measurements deterntire force
needed to break the bond. However, what we aiéy réaing in
these measurements is using an external force deleaate this
dissociation, so that bond rupture occurs on a mskbrter
timescale. The measured rupture force is simmyfdince required
to induce dissociation within a millisecond, for agxple, as
opposed to several seconds. The external forceode®m a
mechanical potential on the bond that tilts the inegrmolecular

potential, similar to that shown in Fig.2.2 At the same time, we
lower the activation barrier atid)so that the bonds can dissociate

much faster—that is, on the time scale that we'iling to wait.

The “rupture force” is the force at which we see tholecules snap

out of contact.

In a single bond rupture measurement, the forcéherbond is
increased at a constant rate until the bond bredke rupture of
single bonds is a stochastic process, and thexdiiste probability
that the bonds can break at any time, and there#drany force

during this loading perio?d3. Several measurements at any given

loading rate therefore generate a distributionupfure forces with
a peak at the most probable rupture force f*. Retkeoretical

work showed that the rat which the force increases relative to

the intrinsic dissociation rate of the bond detesi f* at a given
loading rate ¢ (= dF/dt)2’3. The first importantonsequence of

at several different loading rates. Plotting f* \s\(r;) yields a
straight line whose slope i kD, where kg is the Boltzmann
constant and T is the absolute temperature. Thaddeept of the
line also yields the energy difference betweennii@mum of the
potential and the height of the activation barridtultiple barriers
generate multiple straight lines with differents and different
D-intercepts, and we would determine their traositstates and
activation barriers by similar analyses. This rekable prediction

has since been demonstrated experimentally in abcased®
DFS thereby provides a novel approach to mappiegpibtential
energy surfaces of physical bonds.

Measurements with the protein avidin and its ligdsdtin
illustrate the information obtained from these DiR8asurements.
In one set of measurements, biotin was pulled éuh® binding
pocket of avidin at different loading rates. Thetpf f* vs. Ln(r)

exhibited three different slopes (Fig. éa) The slopes of these
lines map to three different energy barriers altimg unbinding
path of biotin as it leaves the avidin binding petck The D-
intercepts of these different linear regions imtestablished the
relative energies of these barriers. These dat@est that the
biotin-avidin potential is as shown in Figure 3Bteered molecular
dynamics simulations of the forced detachment otitvifurther

dsupported these restits The simulations also identified three
successive energy
barriers along the
unbinding trajectory
of biotin.
Furthermore, the
positions  of the
barriers identified in
the simulations were
remarkably close to
those quantified by

DFs*.

The significance
of these
developments is that
they demonstrate that
bond rupture force is
not just a measure of
how strong a bond is.
The dependence of
the bond strength on
loading rate can be
used to uniquely map
the magnitudes and
the positions of the
energy barriers of an
intermolecular bond
at intermolecular

this is that the bond rupture force is not a cantstaut depends on
the loading rate. The second consequence is thatam use the
dependence of f* on to determine both the bond energy and f
position of the activation barrier{>elative to the minimum in the
potential.

Figure 3. a) Plot of the most probable bond rupture forcesf the
logarithm of the loading rate for the rupture of the biotin-avidin
bond. b) Proposed avidin-biotin intermolecular ptitd based on
the data in 3a. The three slopes in 3a identBiethergy barriers,
as shown in 3|

In measurements, which are referred to as “dyndiarice
spectroscopy” (DFS), the most probable ruptureefascmeasured

continued on p. 4
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continued from p. 3
distances <1 nm. DFS therefore yields a detailezlvvdf the
relationship between the mechanical propertiesmfie molecules
and the chemistry of the intermolecular bonds.

Molecular Forces Between Biological Surfaces

Whereas DFS probes the potential energy surfacémids,
important interactions in biology also operate istahces >1 nm.
Intermediate to long-ranged forces (or energies)ntrod
interactions between the surfaces of proteins oolobical
membranes, for example. The molecular dimensionsface
charge distributions, relative molecular orientasipand extent of
glycosylation determine the ranges and magnitudés the
interaction potentials between two surfaces. Irgrly, there are
many different contributions such as van der Waalslectrostatic
energies, but each component decays with differdistance
dependence (Fig. 4). The superposition of all efséindividual
terms can lead to complicated intersurface potsnfiég. 4). One
important question is how changes in moleculariggcture and/or
composition alter the different force fields assted with these
different potentials, and in turn impact biologirectly measuring
the force between materials as a function of seéjparaand
quantifying how changes in the composition or dtite alter the
force-distance profiles directly addresses thisstjae. The SFA is
best suited for such measurements.

There are many
examples in which
measurements of the
force vs. the surface
separation were

surfac®. SFA measurements also showed how these elattoost
potentials can steer ligands to the receptor bindite, facilitating

associatiofl.
Recent studies with cell adhesion proteins alsoeggad
surprising results concerning the mechanism by lwhiome

proteins mediate cell adhesthll The structures of some
adhesion proteins consist of several tandemly ge@rdomains,
but the functional significance of this architeetuis often
unknown. For example, the extracellular regionproteins called
cadherins comprise five tandemly arranged domdiitzs 6a). One
hypothesis proposed that these molecules only hiiad their
outermost domains (Fig. 5a). This model predibts tadherins
bind only at an intermembrane separation of 400-450

used to elucidate
the physical
chemical basis of
particular
biological
interactions. For
example, the large
hydration repulsion

between lipid
bilayers  prevents
membrane fusion.
SFA studies
revealed how these
hydration barriers

Figure 5. a) Cartoon of the cadherin extracellular domaimshe
cell membrane and proposed membrane-binding disthc
Normalized force profiles between oriented cadheramolayers
as a function of the distance D between the menalgran
Cartoons corresponding to the degree of cadheeriay at each
distance are shown below. The filled symbols shtmnforce
curve measured during cadherin approach (decreBging his
curve reflects the steric repulsion between theosimy proteins.
During separation (increasing D), protein-protaimaction
(negative force) was measured at 250 + 10, 330, arid 400 +
10A. The outward arrows show the distances wheetotein-
protein bonds broke aride proteins jumped apart. These
positions correspond to the relative cadhatignmentshown.

Figure 4. Hypothetical energy-distance profile between cell
membranes. Here, the net potential (black, sol&) lis
determined by the superposition of electrostataric and van
der Waals energies. These all decay with distanaethe
functions describing their decay differ in eacheca$he solid
line indicates their net effect. Here, hypothetieleptor-
ligand bonds generate an attraction at large diswhere the
other interactions have little influen

are circumvented by membrane defects and other mnaemab
perturbations, which significantly alter the intenmbrane forces

and enable fusion to occur Additionally, studies with charged
proteins directly quantified how the distributiohaharges over the
protein determines the local electrostatic fieldstlae protein

Measurements of the force-distance profiles
membranes coated with cadherins demonstrated himtptotein
adheres in three antiparallel alignments, each lbithvinvolves
multiple domains and/or different degrees of protverlap (Fig.

5)10’11. In other words, the modular domain architectgines
rise to a modular binding mechanism instead ofnglsi binding
interaction. This discovery is a direct conseqeeoicthe ability to
accurately measure the force and distance betweesurfaces, as
well as the ability to control the intermembranestalices, and
hence, the degree of overlap between opposing dadheStudies
with other adhesion proteins are now revealing theg modular
binding mechanism is not limited to cadherins.
Generally, molecules are not rigidly bound on stefa but
rather undergo configurational changes and latéffaision on
continued on p. 5

Visit our homepage at http://www.life.uiuc.edu/biofhysics/ibs

between



Page 5

RESONANCE

December 2002

continued from p. 4
lipid membranes. Additionally, bonds between boumalecules
break and reform. These all generate time-depd#nttaces
between two surfaces that can be followed in riea¢ {seconds to
minutes) with the SFA. Dynamic SFA measurementge Hzeen
used to demonstrate, for example, how the sequidotiaation of
cadherin bonds cf Fig.

spontaneously pulls membranes into closer corthctin addition,
recent studies also quantified how the mobility refceptors
tethered to flexible polymers, such as those fownd cell
membranes, alters both the time dependence and itonderof

adhesion between two surfaces

These examples illustrate not only that the mageitaf the
force is important, but that the distance depeneesfcthe force
also matters. The SFA is uniquely suited to adelyaquantify
force-distance profiles between materials, and ethare many
examples where SFA measurements revealed the nenldmasis
of biological interactions that would not be evitldrom single

molecule measurements aléne

Conclusions

In summary, both the SFA and the AFM offer complatagy
approaches for determining the molecular origingte#rmolecular
potentials and their dependence on both the chgmiahd
architecture of the interacting species. WherbasAFM probes
the “inner landscapes” of molecular bonds, the $faantifies the
distance dependence of forces acting over larggamtes (>1 nm).
Together, these complementary approaches are
researchers to uncover the physical chemical ariginthe forces
that govern intermolecular interactions in biology.
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The Biotechnology Job Fair
Kathleen Brinkmann

2002 Biotech Student Poster Ses

Each year, the Biotechnology Center Placement &ffiosts
the Research-Oriented Job and Information Faiormélly known
as the Biotechnology Job Fair, on the last Thursafayanuary at
the lllini Union. This year, there will be severavents held in
bonjunction with the fair. On Wed., Jan. 29, 2008m 7 to 9 pm
at the Medical Science Building second floor auditm, four
company representatives will give insight into “HtsWWork a Job
Fair.” The companies participating in this workstrarp Kimberly-
Clark, Procter and Gamble, Pfizer, and Pierce Blutelogy, Inc.
This is a unique opportunity to ask questions aet gfraight
answers from a recruiter’s point of view.

The Student Science Postession is offering a $200.00 cash
prize for the best graduate student poster and tiier best
undergraduate poster. All poster applications nimasteceived by
Dec. 13, 2002 at the Biotechnology Center Place@éfite in 108
Observatory. For an application, please visit:
www.biotech.uiuc.edu/placement/poster.htm

All qualifying student applicants will participatén a
preliminary presentation held on Mon., Jan. 27,32606m 7 to 9
pm in room 314 of the lllini Union. The poster sigelimited to 4
X 4 ft. and faculty judges will select five finalsseach from the
undergraduate and the graduate participants.

The 10 finalists will display their posters at tBéotech Job
Fair luncheon on Jan. 30, 2003 from 11:30 am t® 1@ in the
Colonial Room of the Union. The finalists will ravthe
opportunity to present their research to recruiterd the winners
will be announced at the luncheon. Other finalisil receive a
$20.00 gift certificate. The luncheon will be aided by biotech
industry representatives from the Research-Orienietd and
Information Fair.

The Student Science Poster Session is sponsore@idige
Biotechnology, Inc., Kimberly-Clark Company and the
Biotechnology Center Placement Office. Please 838-1378 or
visit  http://www.biotec.uiuc.edu/postercall.ntm  for further
information.
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Linux?
Todd Holland

Have you ever wondered, "What's all this fuss alhduix?" |
have. Between the frustrations with Windows' camiesss and a
general curiosity about new things, | decided toltmux as an
operating system for my home PC. | went with a ¢t Linux-
Mandrake/Windows system so | could still run apgiicns that
were for Windows only and fiddle around with Linirxthe mean
time. On the surface, the graphical user interf@ice't look that
different, but | had a hell of a time getting ittm on my old PC. It
had a lot of perhipherals integrated onto the m@anth, and there
weren't any reliable drivers for them for a couplenths after |
first installed the new OS, but | eventually gotatwork. It did
seem faster and much more stable than Windows B8came an
enthusiast and began reading and talking to peepteuse Linux
on a regular basis. It seems to be used quite idd/eb servers
and for setting up arrays of computers for largengotational
tasks. It isn't used as much on home PCs, maintpuse many
commercial applications don't have a Linux-compatitsersion.
This is changing, however. The main thing Linux gaig for it is
its open source license. If you really need toigetnd modify the
OS to fit your needs, Linux is for you.

| assumed that Linux would

“The main thing do most tasks more efficiently

Linux has going for it
is its open source
license. If you really
need to get in and
modify the OS to fit
your needs, Linux is
for you.”

my frustration with Windows and
from the observation that Linux
have less superfluous
comparisons | found online did
not totally support this. A
benchmarking comparison

www.mindcraft.com/whitepapers/openbenchl.html, dité30/99,
actually showed Windows significantly outperformihgnux on
server applications. The margin widened when nwdtpessor
server applications were compared. Windows NT Se#vé was
found to be 2.7 times faster than Linux/Samba doua-processor
file server for Windows 95 clients and 1.9 timesstéa for
Windows NT clients. Windows NT Server 4.0 was 2n2efs faster
than Linux/Apache as a Web server on a four-praresstem and
1.4 times faster on a one-processor system. Howetler
Transaction Processing Performance Council laterd-@g@01)
found that Linuxdid slightly outperform Windows for high-end,
multiprocessor database functions. The newer Lkamel used in
these tests seems much better at managing mukigsoc systems
than the older one tested in the Mindcraft benchkmar

There is also Macintosh's OS X to think about. ffers the
user-friendly, graphic-based user interface Makriswn for and
sits on a BSD (version of Unix) kernel. It can ifidee freely with
Unix-based networks, any Unix-based application loarported to
it, and many commercial applications have Mac w&si Macs
today use a lot of the same hardware as Windovetésys, making
them even more attractive.

In summary, if you're looking for a new home PChnat Unix-
based OS, I'd say getting a Mac might be your bestdepending

than Windows, mainly because of

seemed to be more stable and td. Mao-Feng Ger
junk.
However, to my surprise, direct 3. Annette Leon-Rossell

on what you plan to use it for. If you're lookingr fan OS for a
high-end multiprocessor or parallel computing agadion, Linux
seems to have taken first prize with its new keraed its open
source code could be of paramount importance to ifowu want
a home PC to play games and run commercial apiglicaton,
Windows is still the safe bet, but alternative @pielg systems are
rapidly gaining acceptance and support, and if lyave extra hard
drive space, you could always install a dual-bgstem, like | did.

New Students Fall 2002

7. Jason Thomas
8. Bryan Spring
Ahmet Vakkasoglu (notyoiet)
James Pesavento (not pictured)
Comert Kural (not pietd)

2. Aleksandra Kijac

4. Erik Martin
5. Chutintorn “Por” Punwaong

at 6. Gurmukh Sahota

Fall 2002 Graduates
-October-

Ben Moreno
Rebecca Nyquist

Miao Lu
Yuri Strukov
Qingjun “Polly” Wang

-December-

Alexander “Sasha” Balaeff
Elliot Tan
Corey Hardin

Sophia Breusegem
John Eid

Important Dates
December 13 —Biophysics Happy Hour

January 27  —Student Biotech. Poster Presentati
January 29  —How to Work a Job Fair Workshop
January 30  —Biotech Job Fair Luncheon

March 1-5 —Biophysical Society Annual Meeting
March 7-9 —MCB recruiting

April 18 —Last day for defense for Mayduation
May 9 —Thesis Deposit for May

May 18 —Commencement

Visit our homepage at http://www.life.uiuc.edu/biofhysics/ibs
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The Best of Both Folds

Houbi Nguyen

Recently, we've been fortunate to have our peées tate of
some of the protein-folding work in our lab. As geme sequencing
work draws to completion on the mouse genome, wthdehuman
genome continues to be analyzed and decoded gildeofi protein
folding will continue to grow. Having protein seaques is nice, but
discerning the physical characteristics of thosegins will have
immense consequences for interpreting a proteitésin a specific
signal transduction pathway, or even how it istegldo
homologous proteins from different organisms. Gaheres and
regulations may govern all proteins, but it ishie tetails of how
these rules affect different proteins that will shaow unique each
protein is compared to each other. One of the proteeing
examined in our group is the - peptide (BBA).

Martin Gruebele and | started working on this pirogg least a
year ago and like many scientific endeavors, this grew out of a
nice mix of skill and serendipity. Shortly after
we started working on BBA, the zinc finger
model designed and studied first by the
Barbara Imperiali Group under Dr. Jennifer
Ottesen, Martin conversed with Vijay Pande at
a scientific meeting and our collaboration
began.

In the cell, zinc finger proteins serve as

the details of

to cellular signals and directing the synthesis
of proteins in response to particular cell
perturbations. We chose BBA because it was a
small peptide and we had high hopes that such
a small peptide would be able to fold very quicldifpwing us to
make use of the very fast time resolution charé&itey our
experimental setup.

Out of the many methods one can use to study jprotei
dynamics, our unique laser temperature-jump syg@vides us
with a way to observe the changes in fluoresceypiedl of
protein motions as the thermodynamic environmerdapsdly
changed. Briefly, a protein sample of 100-2@0 is placed at the
intersection of the two lasers in our apparatus® f@aeer serves to
perturb the protein solvent by exciting the O-+e¢&th of water and
thereby rapidly heats the solvent to a new tempeggtusually

“General rules and
regulations may govern
all proteins, butitisin

rules affect different
proteins that will show
transcription activators, instantly responding  how unique each protein
is compared to each
other.

4 nm. In all, 60 nm of our fluorescence spectrumeorded,
accounting for the bulk of our fluorescence emissipectrum and
allowing us to see changes in the specific maxirfluorescence
intensity value (peak wavelength) as the tempesathanges with
time. We collected 500s of fluorescence spectral data per shot,
and after averaging a number of shots, we arrivédeaobserved
relaxation rate for BBA folding, which is the surhtbe folding

and unfolding rates and reflects the particulaabed of these rates
with respect to the equilibrium constant over thege of
temperatures being measured. Because the peakitgten
wavelength changes with temperature (known froradstestate
fluorescence emission measurements), in our expetinve

would see a drop in the fluorescence intensityn@ BMT channel
(say, Channel 4) and a simultaneous rise in thengity value from
another PMT channel (say, Channel 13) with time oRgerved
relaxation rate of less tham® was then measured by analyzing
either change in fluorescence intensity or wavetlesgifts of the
time-resolved fluorescence spectrum. By deconvaijpitine folding
rate from the unfolding rate in the observed refiaxarate, a
folding rate of less thani® was calculated.

While our temperature-jump experiments
proceeded, Chris Snow and Vijay Pande examined

our zinc finger protein from the vantage of
theoretical calculations and simulations. Some of
you have no doubt helped them in their simulations
by participating in the Folding @Home project; if
so, I'll thank you right now.

The Pande Group has taken an ingenious
approach to simulating protein dynamics. Instead
of running a simulation for an extended amount of

time and analyzing a number of long-time
trajectories, they have decided to examine what
amounts to an ensemble of short 5-20 ns
trajectories. By observing the results from thoulsaof these
trajectories, they have observed some of theirestilgiroteins
folding on this time scale. The fraction of molezsuthat fold is
miniscule, but “collecting a very large number m@jéctories has
allowed us to observe such improbable events,” Baygle. An
advantage of performing the simulations in this n@ans that
statistical analyses can be performed on the sacgikection.
Their folding rate comes out to aboutr§, which is quite close to
our experimental value.
There are a couple of points that stand out fronresults.
_First, the protein system developed by Imperiafi @ttesen, and

how these

more than 18C). The other laser probes the protein dynamiasgusi o dified by our group, is ideal for the purposedinding an

a UV pulse train, exciting the protein sample && a&. Our
apparatus was first designed to examine proteiredking at their
tryptophan fluorescence lifetime and the changeakahvalue over
time with temperature. However, for BBA we had s@@another
approach since the change in lifetime was too reinuistead, we
collected time-resolved dispersed fluorescence fiama BBA. It

is similar to acquiring spectral data from a fluoeter, with the
addition of fast time resolution in the data cdilec. Among other
things, a steady-state fluorescence emission me@sunt reveals a
wavelength of maximal intensity and also a peaktwidr
fluorescence. An engineered tryptophan residuesseas our
intrinsic fluorescence probe. Our instrument cafigbis data every
100 ns and images the spectrum onto a 15-chamasgl ar
photomultiplier tube, where each channel has aWwatild of about

intersection between the timescales typifying expental and
theoretical folding. In an experimental lab, folgiis always too
fast and we are constantly trying to access shartdrshorter time
scales to observe the limits of diffusion-contrdlevents. In
contrast, in a theoretical lab, folding is alwage slow, in that it
takes a huge amount of resources to simulate titeipr(using
femtosecond time steps) for microsecond trajectoléith respect
to these concerns, our BBA system is an ideal mggstem for
such comparisons.

Also of note is the incredible speed at which #gmwll peptide
manages to form its tertiary structure, even withuanatural
amino acid favoring the formation of a particulaidf. It is
interesting to speculate why this protein foldsyaakly.

continued on p. 8
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continued from p. 7 folding groups will become a focal point for advaadn this area
Larger proteins made up of hundreds of amino asiues tend to of study. We've been very fortunate to be ablesdok with

take tens to hundreds of microseconds to form theiiary Pande’s group, and I'd like to think that they'veeln fortunate to
structure. Protein domains, such as the WW or Skiaihs, fold work with us as well. Also, folding experiments aithulations

in tens of microseconds. In order to respond tostesses will always require a checks-and-balances systethathe results
quickly, these zinc fingers may have evolved tal fglickly into from one side can benchmark findings from the o#iige. This
their structures in order to carry out response=tiilar signals. idea is nothing new, but it is nice to be remindé& now and

On such a short timescale, even hundreds of micoosis may be  then. For more information on our work, you carergb the

too slow of a time to begin a collective resporsa tellular Nature article llature 2002 Nov 7;420(6911):102-6. ) and also to
perturbation. a nice commentary by Charles Brooks Il at TSRIt(N&420:33)

Thirdly, the force field used in the simulationstacquired a  introducing the paper.
value for the folding rate that is very close t@ eMperimental
value, which is amazing. Only a few tens of thoadsaof short-
time trajectories were required to attain a fatineate of the
folding rate. This is not to say that this partauiorce field is
perfect for predicting folding reactions. It is reaccurate to say
that this statistical method for estimating ensesmdlaracteristics
from a huge collection of short-time trajectorieslibeen
successful in discerning a folding rate comparableur
experimental folding rate. Nonetheless, the agregmerery
encouraging for future studies into folding.

More than the actual kinetic time constants we Haued, our
results demonstrate some other vital notions. Th&em folding
field has expanded to include such varied topicsoaigble protein The editor kindly thanks Amanda Kolling for her
folding and membrane protein folding, structuredicgon, contributions. Thanks also to Cindy Dodds for heith
threading, and protein-protein interactions andr tihduences on distribution and label construction.
folding. Collaborations between experimental drebtetical
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