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ABSTRACT: Equilibrium analyses have been performed to elucidate the role of dimerization in folding and
stability of dynein light chain Tctex-1. The equilibrium unfolding transition was monitored by intrinsic
fluorescence intensity, fluorescence anisotropy, and circular dichroism and was modeled as a two-state
mechanism where a folded dimer dissociates to two unfolded monomers without populating thermodynami-
cally stable monomeric or dimeric intermediates. Sedimentation equilibrium and chemical cross-linking
experiments performed at increasing concentrations of denaturants show no change in the association
state before the unfolding transition and are consistent with the two-state model of dissociation coupled
to unfolding. A linear dependence on denaturant concentration is observed by fluorescence intensity and
anisotropy before unfolding in the-® M GdnCl, and 6-4 M urea concentration range. This change is

not protein concentration-dependent and possibly reflects relief of quenching associated with premelting
conformational disorder in the vicinity of Trp 83. The data clearly show that the dissociation-coupled
unfolding mechanism of Tctex-1 is different from the three-state denaturation mechanism of its structural
homologue light chain LC8. The absence of a stable monomer in Tctex-1 offers insight into its functional
differences from LCS8.

Cytoplasmic dynein is a multisubunit, minus-end-directed the Tctex-1 gene do not affect essential cytoplasmic dynein
microtubule ATPase, which provides the motive force for functions but result in complete male sterilit 0f. In
intracellular processes such as the perinuclear positioningmammals, Tctex-1 is thought to be required for dynein-
of the Golgi complexZ, 2) and the localization of the mitotic  mediated transport of rhodopsin to the apical surface of
spindle and centrosome separation during mitaig)and photoreceptor cells1@l). This transport is abolished in
in the transport of membraneous organelles and endocytoticretinitus pigmentosa, a retinal degenerative condition, as a
vesicles. The dynein complex is composed of two heavy result of mutations at the C-terminus cytoplasmic end of
chain subunits joined by flexible stalk domains to a common rhodopsin. However, Tctex-1 is not necessarily an obligate
base. The heavy chains provide the ATPase activity as welldynein subunit and is reported to exist in cytoplasmic extracts
as the microtubule binding function, and the base is outside the dynein complexl@Q, 12). Within the dynein
composed of accessory subunits which couple the dyneincomplex, Tctex-1 and the light chain LC8 associate with the
motor to a wide variety of intracellular cargb)( Since the 74 kDa intermediate chain subunit3 14), and the three
heavy chains are encoded by a limited number of gedles ( subunits form a tight subcompled%). The interaction of
it is thought that the multiple functions of dynein are Tctex-1 with a wide array of unrelated proteins may in part
regulated by the subunit complexity and interactions of the reflect interactions of Tctex-1 that are independent of the
accessory subunits composed of 74 kDa intermediate chainsdynein motor complexi(, 17). A recently proposed dynein-
50—60 kDa light intermediate chains, and-82 kDa light independent role for Tctex-1 in actin remodeling during
chains 7—9). neuronal outgrowth is consistent with this interpretatio®)

DrosophilaTctex-Z is a light-chain subunit of dynein with Tctex-1 is a 25 kDa dimeric protein at physiological
70% sequence identity to the human protein. Molecular conditions in vitro (9, 20). Both the crystal and NMR
genetics studies iDrosophilashow that null mutations of ~ structures show that each monomer contains a short N-

terminal g-strand and twoa-helices followed by four
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assembly 32). LC8 and Tctex-1 are both homodimers with
very similar overall fold. They both bind IC74 and diverse
other proteins unrelated to dynein, and may be involved in
regulating dynein recognition to multiple targets. Comparison
of their dimer stability and denaturation mechanisms may
illuminate possible differences or similarities in their func-
tion. In addition, investigation into the mechanism of
assembly of the Tctex-1 quaternary structure and the stability
of the dimer interface, and comparison to dimeric proteins
of the same class, is a first step in understanding its roles in
dynein function and various other complexes.

In the present study, we show tHatosophilaTctex-1 is
a two-state unfolding dimer whose unfolding and dissociation
are tightly coupled. This unfolding mechanism offers insight
into functional differences between Tctex-1 and its structural
homologue LC8.

MATERIALS AND METHODS

Stock Solutions, Buffers, and Proteir@&amples for CD
::'GUtEE r%;nRriggi?jﬂgsia%r%ms?efil(e:t?é;il dlsjgoi"r‘]’irc‘%tshee lcr)c():ztrinoi? OtfothTer and fluorescence measurements at pH 7.8 were prepared in
8r)3/,par?d a lysine res’idueyat the interface that mas be inv)cl)lved irr)l 50 mM S°d'“”.‘ phospha}te, .and 10.mM TCEP was gdd(_ed to
covalent cross-linking. The image was produced with PyMol rule out possible contribution of intermolecular disulfide
(DeLano Scientific LLC) $1) using PDB code 1ygt1). bonds to self-association. TCEP stock solutions were pre-
pared in 50 mM phosphate buffer and adjusted with NaOH
to pH 7.8. Solutions ©8 M GdnCl were prepared as
described elsewher&g), and the exact concentration was
determined by refractive index. All buffers and stock
solutions were freshly prepared. Tctex-1 stock solutions were
dialyzed in the appropriate buffers and their concentration
determined from absorbance at 280 nm using an extinction
coefficient of 23 470 M! cm™! calculated from the number

of tryptophan and tyrosine residues using ProtParam (http:/
us.expasy.org/tools).

(21, 22). The three-dimensional structure is very similar to
that of light chain LC8 23), which is also a dimeric protein
with intertwined g-strands at the interface and shows no
sequence homology to Tctex-1.

Homodimeric proteins may be divided into three classes
according to their denaturation patterns: a two-state transition
to fully unfolded monomers, and a three-state transition with
either a monomeric or a dimeric intermediate preceding
unfolding @4). Small two-state dimers require a dimeric _ . ) o
interface for substrate binding and have a high number of ~Cloning, Expression, and Protein Purificatiomhe gene
intersubunit contacts. Examples of this class include BNA  €ncodingDrosophilaTctex-1 engineered with a Factor Xa
RNA binding proteins such as ROPS), Arc repressorZ6), recognition site immediately’' 50 the start codon of the

Trp aporepressor2(7), and proteases such as HIV and SIV cDNA was subclc_med into BamHiSall cleavage sites of a
(28). The quaternary structure is essential for folding of such PET 15d expression vector (Novagen) and transformed into

proteins, and their primary function is binding specifically EScherichia coliBL21-DE3 cell lines (Novagen). Protein
and symmetrically to other molecules. The three-state dimers€XPression and purification followed previously published
that form a monomeric intermediate are in general larger, Protocols (3). Purity was determined by SDSAGE to
mostly enzymes that dimerize after folding, and their be >98%. The mass obtained from electrospray ionization
oligomerization may activate the monomeric subunit. Their MaSS spectrometry (ESIMS) was 12 479 Da (calculated mass
quaternary structure is important to improve their stability of 12 478.2 Da).
and binding but not for folding of the tertiary structure. The  Analytical Ultracentrifugation Sedimentation equilibrium
three-state dimers with a dimeric intermediate also require experiments were conducted using a Beckman XL-A analyti-
the quaternary structure for folding, and in kinetic experi- cal ultracentrifuge. Three loading concentrations were equili-
ments, dimeric intermediates increase the rates of folding, brated at two speeds (28 000 and 40 000 rpm) and scanned
as observed for intertwined-helical homodimers29). at 280 nm using a cell path length of 3 mm. Experiments
LC8 is a three-state dimer which dissociates to a folded Were done at 30 and at %C. Samples were allowed to
monomer before global unfolding. The folded monomer is equilibrate for 16 h at each speed and concentration and were
populated at low-protein concentration in physiological buffer considered at equilibrium when sequential sc@nh apart
and also at low GdnCl concentration and low @0) The were superlmposable. Similar conditions were used for
ionization state of a single residue at the interface, His 55, Proteins in 0, 1, and 1.6 M GdnCl.
controls the pH-dependent monomer dimer equilibri@d).( Circular Dichroism and Fluorescence Measuremefb.
We have proposed that the monomdimer equilibrium of experiments were conducted on a JASCO 715 spectropola-
LC8 regulates its function and that the dimeric nature of LC8 rimeter equipped with a built-in magnetic stirrer for fast
with dual symmetric binding sites for many ligands is an equilibration within the cell. Unfolding experiments were
essential factor in bringing its interacting partners in close recordedm a 1 mmcell for far UV CD data at 30C using
proximity, and thereby promoting their dimerization or a batch-type experiment to ensure that equilibrium was
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achieved. Samples were equilibrated for 12 h at room
temperature and 30 min at 3C before data collection.
Intrinsic fluorescence emission spectra were determined
using a Jobin Yvon/Spex spectrofluorometer. The excitation
wavelength was set to 283 nm, and fluorescence emission
spectra were scanned from 300 to 380 nm, with excitation
and emission bandwidths adjusted depending on the protein
concentration used. To limit photobleaching at low protein
concentrations, samples were stirred continuously and only
one measurement per sample was recorded. The conditions
(protein concentrations, buffer, and temperature) of the Wavelength, nm
unfolding experiments were the same as those for CD. All Ficure 2: Overlay of fluorescence emission spectra of Tctex-1 in
experiments were carried out at 3G using an external gbl}gi\/l a'“'ﬁf M Sdtnc't; Tﬁh? pr0|_t|e|;1 goncﬁdn“fé'ogl‘\’ﬂ"asT éLEMP'” "
pirculgting bath. Reversibilit_y was determined after dialysis fluoresceﬁcce)ss%eacga V\L/Jer% 'obptained éf%@/vith excitation at 283 ©
in native buffer and comparison of the fluorescence and CD nm and emission recorded from 300 to 380 nm. The excitation
spectra of the refolded protein with those of the native and emission slit widths used were 4.8 and 5.0, respectively. A
protein. reference spectrum was obtained for every GdnCl concentration
Steady-state intrinsic tryptophan emission anisotropy nd subtracted from the protein spectrum.

measurements were performed using Glan-Thompson quartz ) 0 )
excitation and emission polarizers installed in the emission Glutaraldehyde solution (25% w/v) was added to a final
and excitation paths. The fluorescence intensities of the Concentration of 0.5%, and the reaction was quenched after

vertical and horizontal emission components on excitation 2 Min with a 0.4% NaBH solution dissolved in 0.1 M
and vertically polarized light were measured with a fixed NaOH. The conditions for the cross-linking reactions were
emission wavelength of 360 nm. The anisotropy signals were OPtimized so as to minimize higher order cross-linked

subtracted from buffer blanks containing the same concentra-Products, and this resulted in a cross-linked dimer in addition
tion of GdnCl. to a considerable amount of uncross-linked monomer. To

facilitate Tctex-1 precipitation, each sample was diluted
¢ 5-fold with water before adding sodium deoxycholate and
trifluoracetic acid to a final concentration of 1&/mL and
3.6%, respectively. The samples were centrifuged at 14 000
N,=2U 1) rpm for 20 min, and the resulting pellet was washed with
acetone and dried under vacuum. The pellet was then
The free energy chang&G,o, was determined by a fit ~ resuspended in 20L of SDS-PAGE gel loading buffer,
of the free energ\G; for points in the transition regions of ~ boiled, and loaded onto a 15% polyacrylamide gel. Bands
each denaturation curve using eq 2. where [GdnClI] is the were visualized after staining with Coomassie Blue, and their
intensities were analyzed by densitometry with the Quantity
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Analysis of Equilibrium Denaturation Datd@he data were
analyzed using the two-state model for denaturation o
dimeric proteins according to eq 1.

AGy o = mGAnCl] + AG; (2) one quantitation software (Bio-Rad).
denaturant concentration anis the slope of the line given ~ RESULTS
by a plot of AG; versus [GdnCl] §3—36). The equilibrium Equilibrium Unfolding.The fluorescence emission spectra
constantK, was determined using eq 3, of Tctex-1 report on the environment of one or more of the
) 5 three tryptophan residues per monomer at positions 40, 83,
_I” 2P, 3) and 95. In the absence of chemical denaturants, an emission
a7 D] 1-f, maximum wavelength of 336 nm indicates that the tryp-
tophan residues are somewhat buried in the interior of the
whereP; is the monomeric protein concentration aids protein. In 1.6 M GdnCl, there is a slight red shift to a
the fraction of unfolded monomeric proteig). maximum wavelength of 338 nm and a significant increase
The midpoint of the unfolding transitiolG,, was calcu- in fluorescence intensity. A shift to a wavelength of 350 nm
lated using eq 4. and a decrease in intensity is observaddi M GdnCl in
which the protein is completely denatured (Figure 2).
Crn = (=RTIn(P) + AG, c)/m (4) Equilibrium unfolding profiles were obtained by monitor-

ing changes in the far UV CD signal at 222 nm and the

In practice, free energies and other characteristic featuresfluorescence intensity signal at 336 nm (Figure 3). A
of the denaturation curves were determined by fitting the midpoint of unfolding of 2.52 M determined from the far
calculated spectroscopic signal to the experimentally deter-UV CD data and a similar midpoint of 2.56 M from
mined signal. Parameteys, y,, andm were optimized for fluorescence data suggest that unfolding is a two-state
individual curves.AGy,0 was globally fit to a data set transition. Both sets of data when individually fit to a two-
containing all denaturation curves. The fits were performed state model of folded dimer to an unfolded monomer give a
using ay? procedure implemented in Microsoft Excel. similar free energy of unfolding of 204 0.4 kcal/mol (CD)

Quantitatie Glutaraldehyde Cross-Linking\ concentra- and 19.94 0.2 kcal/mol (fluorescence), and similarvalues
tion of 8-10 uM of Tctex-1 at a given GdnCl or urea of —5.0 &+ 0.3 kcal/moiM~* (CD) and—5.2 & 0.2 kcal/
concentration was incubated for 18 h at room temperature.mol-M~* (fluorescence). Themnvalue is a measure of
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Ficure 3: Equilibrium unfolding transitions monitored by far UV
CD at 222 nm 4), and fluorescence intensity at 336 n®)(at a
protein concentration of 183V. Data were acquired at 3@ in

50 mM sodium phosphate buffer, and 10 mM TCEP at pH 7.8.
CD signal is measured as ellipticity in millidegrees. Curves were
fit to a two-state model. Data were acquired using a batch-type
experiment to ensure that equilibrium is achieved. A reference
spectrum was obtained for every GdnCl concentration and sub-
tracted from the protein spectrum.
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Ficure 4: Unfolding curves followed by changes in fluorescence
anisotropy as a function of increasing ure@),(and GdnCl
concentrations®). Both experiments were performed for a protein
concentration of 3.@%M at 30°C in 50 mM phosphate buffer, pH
7.8, with 10 mM TCEP. Excitation was set to 283 nm and emission

to 360 nm.
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FiIGURe 5. Glutaraldehyde cross-linking of Tctex-1. Ratios of band
intensities obtained from SDIPAGE corresponding to the chemi-
cally cross-linked dimer relative to the monomer are plotted at
increasing concentrations of Gdn@)(for 8 uM, and urea Q)
for 10uM protein. The midpoint of dimer dissociation is consistent
with dimer unfolding obtained by fluorescence spectroscopy. Both
monomer and dimer bands are present at native conditions because
of incomplete cross-linking.

The observed fluorescence anisotropy of native Tctex-1
is notably low (0.06 instead of 0.1 in proteins of similar size),
consistent with resonance energy homo transfer between two
tryptophan residues, which causes depolariza® Pos-
sible candidates for intertryptophanyl energy transfer are Trp
83 and 83 that are 15 A apart across the interface, and Trp
40 and Trp 95 that are 10 A apart within the same subunit
(Figure 1). In both cases, the two indole rings are well within
the Faster distance (RO) of resonance energy transfer of one
another (16-15 A for tryptophans in a hydrophobic environ-
ment). In lysozyme, intertryptophanyl energy transfer was
observed for a separation distance of 133&)( The indole
ring of Trp 83 at the interface is somewhat more solvent-
exposed than the other two, 26 8f accessible surface area
relative to 9 and 10 Afor Trp 40 and Trp 95, respectively.

Thermal denaturation of Tctex-1 is irreversible due to

denaturant-dependent cooperativity of native to denaturantprotein aggregation at high temperatures, but the protein is

transitions and indicates the efficacy of the denaturant in

stable up to 55C as determined by CD at 222 nm before it

forcing unfolding. The linear denaturant-dependent increasestarts to aggregate (data not shown).
in tryptophan fluorescence intensity observed at increasing Denaturation Profiles by Chemical Cross-Linkir@lutar-

GdnCl concentration before unfolding reaches a maximum
in 2 M GdnCl and decreases to a minimum after complete

aldehyde modifies primary amines39) and has been
extensively used to investigate proteiprotein interactions.

unfolding. There is no change in the CD signal in the same Since there is a lysine residue close to the dimer interface
denaturant range. An increase in fluorescence intensity was(Figure 1), glutaraldehyde cross-linking was used to measure
also observed at increasing urea concentrations beforethe stability of the dimer at increasing denaturant concentra-
complete unfolding (data not shown). tion. Figure 5 shows the apparent dimer-to-monomer ratios
Unfolding profiles were also obtained by monitoring of Tctex-1 as a function of GdnCl and urea concentrations.
changes in steady-state fluorescence anisotropy at increasingn low-denaturant concentrations before unfolding, there is
urea and GdnClI concentration (Figure 4). There is a slight no decrease in the relative population of dimer to monomer
steady decrease in anisotropy in theOM GdnCl concen-  indicating the absence of monomeric intermediate. In high-
tration range and-84 M urea concentration range, followed denaturant concentration after complete unfolding, only
by a sharp decrease to a value of 0.035 representing completenonomers were detected. The midpoints of the transition in
unfolding. The decrease in anisotropy at higher denaturantboth urea and GdnCl are consistent with those observed with
concentration after unfolding is a consequence of increasedfluorescence anisotropy, indicating that there is no dissocia-
mobility of the Trp side chains. The midpoint of unfolding tion before unfolding and that a higher concentration of urea
is 5.11 M in urea and 2.33 M in GdnClI for the same protein relative to GdnCl is required for unfolding. While the results
concentration. Both urea and GdnCl unfolding data give a are somewhat noisy given the nature of the method, it is
similar free energy of unfolding of 19.8 kcal/mol. The lines clear that there is no dissociation preceding unfolding.

in Figure 4 show the results of least-squares global fitting
analysis using &Gy,o of 19.8 kcal/mol to given-values of
—2.5 kcal/moiM~t in urea and-5.5 kcal/moiM~* in GdnCI.

Hydrodynamic Measuremenedimentation equilibrium
was used to determine the association state(s) of Tctex-1 at
low-denaturant concentrations. Sedimentation equilibrium
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Ficure 6: GdnCl-induced equilibrium denaturation of Tctex-1 at increasing protein concentration. Unfolding profiles are shown for protein
concentrations of 1.2, 3.8, 5.5, 6.8, 11.2, and 18/ The curves represent the nonlinear least-squares global fit of all data to the two-state
linear extrapolation model. Fluorescence intensity was recorded at 336 nm. Dotted vertical lines correspond to the transition midpoint.

conducted at 4C in 0 M GdnCl for protein concentrations 261
of 14.3, 28.7, and 57 &M were fit to a one-component ideal
model with an apparent molecular weight of 24 8241 Da
(actual molecular weight of 24 956 Da) indicating that
Tctex-1 is a tight dimer with no detectable population of a
monomeric species at these protein concentrations. Similarly,
data collected on the His-tagged protein at@or a protein
concentration of 22M in 0, 1, and 1.6 M GdnClI were fit
to a one-component ideal model with an apparent molecular
weight of 31 5404+ 8 Da (actual molecular weight 30 724 ) )
Da with the fusion His tag peptidefi0 M GdnCl, 32 110 Protein Concentration, uM
+ 10 in 1 M GdnCl, and 31 30& 10 in 1.6 M GdnCl. FIGURE 7: .The transition midpoint, Cm, ffor vir;okﬂsepég’gir;or
; ; ; ; ; concentrations. The change in Cm ranges from 1.
t'\gg?eiSbchgi:jpﬂgugg)\l,%ge;cglelg?;g?enf,a?;ncézz_Were also protein concentration of kM to a Cm of 2.6 M for a protein

concentration greater than L.

Further evidence consistent with tight dimer comes from
several other experiments: a sedimentation velocity coef-
ficient of 2.6 Swas obtained at three protein concentrations DISCUSSION

in the range of 4 to 3&M at 20 °C; Tctex-1 elutes as a Dissociation and Unfolding of Tctex-1 Are Tightly Coupled.
single peak on a size-exclusion column with a retention time Studies on protein folding concentrate to a large extent on
that corresponds to the dimer; and dynamic light scattering monomeric proteins undergoing unimolecular reactions.
gives a hydrodynamic radius of 2.30 nm which corresponds studies reported here are for an intertwined tight dimeric
to an estimated molecular mass of 25 kDa. protein that unfolds with no evidence of monomeric popula-
Protein Concentration Dependencenfolding profiles tion at low-denaturant concentrations. A combined analysis
were determined from fluorescence emission intensity in the of the various spectroscopic and biochemical data show that
protein concentration range of 1.2 to 1881 (Figure 6). the N, to 2U two-state model of unfolding is sufficient to
Solid lines correspond to a global fit of all the data to a free interpret the equilibrium data. The two-state model is based
energy of unfoldingAGu,o of 19.87 + 0.3 kcal/mol. An on the following: a similar midpoint of unfolding determined
mrvalue of 5.40+ 0.3 kcal/moiM~t was determined from  from fluorescence and far UV CD for the same protein
the averagen-values of all the data sets. The low uncertainty concentration, a similar free energy of unfolding obtained
among measurements at various concentrations is a strondgrom both urea and GdnCl denaturation data, a Cm that is a
indication of the absence of an intermediate. function of protein concentration, and a global analysis of
Fitting the data to a three-state model that includes either all data fit well to a two-state unfolding mechanism with no
a monomeric or dimeric intermediate was tested but did not dependence of free energy anevalues on spectroscopic
improve the fit. The linear dependence of the fluorescence probes or protein concentration40f. Sedimentation equi-
intensity of the native state on the denaturant concentrationlibrium measurements and covalent cross-linking at low-
was observed for all concentrations, but no obvious protein denaturant concentrations also suggest that breaking the
concentration dependence was detected. Figure 7 shows théhtersubunit contacts destroys the folding integrity of the
protein concentration dependence of the transition midpoint, monomers as there were no conditions under which struc-
Cm. Cm increases from 1.9 M GdnCl at protein concentration tured monomers could be observed.
of 1 uM and plateaus at Cm of 2.6 M GdnCl at protein With a high unfolding free energy of 20 kcal/mol, Tctex-1
concentration o>12 uM. is a fully native dimer at physiological concentrations greater

2.4 A

2.2

Cm, M of GdnCl

2

1.8 T T T )
0 5 10 15 20
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or equal to 10'* M. The high free energy of unfolding of  alternative turn-like conformationgtf), while for Tctex-1
Tctex-1 is not unusual for a two-state unfolding dimEr; it appears that burial of these extended strands is essential
coli Trp aporepressor, for example, which is also an for the folding of its tertiary structure.

intertwined dimeric protein, has a free energy of unfolding  gjnce Tctex-1 is a two-state unfolded dimer, a significant
of 23 kcal/mol @7). The highm-values of 5.4 kcal/meM proportion of its overall stability is apparently contributed
in GdnCl and 2.5 kcal/meM ™ in urea associated with dimer o aternary interactions. For LC8, quaternary interactions
dissociation imply that a large surface area of 20 080sA 554 rently provide-50% of dimer stability, since the free
buried upon folding, estimated according to the literatd® (  gnergy of dissociation is 8.4 kcal/mol, while for monomer
and is the same for both urea and GdnCl. This value is Sim”arunfolding, another 7.5 kcal/mol is observed0)., While

to other two-state unfolding proteins of similar size such as 1tax.1 and LC8 can be classified as two-state and three-

Trp aporepressor. state dimers, respectively, there is a fine energetic balance

Preunfolding Fluorescence Changd$ie change in fluo-  poyeen two-state and three-state denaturation systems. A
rescence intensity and anisotropy at low-denaturant concense,, mytations at the interface can result in destabilization

tration is not accompanied by a significant shift in the ¢ e dimer relative to monomer and conversion of the

€MmISSIon maximum (336338 nm), nor a change in the far equilibrium denaturation from a two-state to a three-state as
UV CD signal at 222 nm. Fluorescence signals are usually observed in Trp aporepressaté|. Both Tctex-1 and LC8
very sensitive to the conformational state of a macromol- are highly conserved across species, and therefore, it is likely

ecule_:, since cha_nge_s in the fluorescence Ilfet|mes andthat their unfolding mechanisms are conserved as well.
rotational correlation times belong to the same time scale of

local protein motions and fluctuation4). However, in the For monomeric proteins, it appears that the rates and
absence of lifetime data, fluorescence changes cannot béneéchanisms for protein folding depend largely on the
unequivocally related to molecular detaikd[. The linear ~ COmMPplexity of the native structure topology rather than the
increase in fluorescence reported here is not likely due to details of the amino acid sequence and that protein folding
solvent accessibility of a fluorophore because only a modestMechanisms are better conserved than amino acid sequences
increase in fluorescence signal is reported for a solvent- (47). For example, highly divergent dihydrofolate reductases
exposed tryptophan model compoundtacetyl+- trypto- from humang. qoh, andLactobac_lllus casesgha_rg complex
phanamide, (NATA) when GdnCl is used as denaturddt ( folding mechanisms4Q). Co_mparlson of yblqwtln with the
In our sample conditions and at excitation wavelength of Structurally related Ras binding domain shows that both
283 nm, no detectable change in fluorescence of NATA was proteins exhibit a similar unfolding mechanism despite little
observed in the 82 M range of GdnCl (data not shown). Sequence homology). However, dimers of related proteins
One plausible reason for the observed changes in fluo-With high sequence and structural homology from mesophilic
rescence at low concentration of GdnCl is relief of quenching @nd thermophilic organisms have different unfolding mech-
caused by small motions of amino acid side chains or anisms $0). The distinct equilibrium unfolding mechanisms
increase of distance from the quencher. A likely candidate reported for LC8 and Tctex-1 in the present study represent
for quenching is Cys 81, which is in direct contact with the & case in which structural homologues with little sequence
indole ring of Trp 83 (Figure 1). A cysteine side chain is a similarity have different unfolding pathways.
fairly strong quencher of tryptophan in solution due to  Functional ImplicationsWithin the dynein complex, the
excited-state electron transfedj. Since Trp 83 isonaloop  two light chains Tctex-1 and LC8 form a tight subcomplex
that could show premelting disorder, the rise in fluorescence with intermediate chain IC7416). Each of the light chain
may be due to an increase in the average distance betweenomodimers bind to contiguous segments of the disordered
Cys and Trp. This hypothesis of premelting disorder around N-terminal domain of IC74 and, thereby, induces ordered
Trp 83 can also explain the slight decrease in emission structure in the intermediate chait@. Previous results30)
anisotropy. show that, in contrast to Tctex-1, LC8 is a moderately tight
Differences in Dimer Dissociation between Light Chains dimer that dissociates to a folded monomer which is expected
Tctex-1 and LC8AIthough Tctex-1 and LC8 are structural  to be populated under cellular conditiorgl), The folded
homologues, their sequences are too distant to be identified_C8 monomer does not bind IC74 (Norwood and Barbar,
as related by a Blast search. Structure-based sequenc@npublished data). The higher stability of the Tctex-1 dimer
alignments between them show zero sequence ide@ly (  may promote its binding to two subunits of IC74 and the
Interestingly, their mechanisms for unfolding and dissociation subsequent dimerization of IC74. Thus, Tctex-1 may serve

are also quite different. Tctex-1 is a tighter dimer than LC8 g5 the primary anchor of the subcomplex of LC8, Tctex-1,
and does not form a stable monomeric intermediate in the gnd 1C74.

presence of denaturants or at low pH. Comparison of their

structures reveals possible explanations for these differenceSACKNOWLEDGMENT
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