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Protein aggregation is widely considered to be a nonspecific
coalescence of misfolded proteins, driven by interactions between
solvent-exposed hydrophobic surfaces that are normally buried
within a protein’s interior. Accordingly, abnormal interactions
between misfolded proteins with normal cellular constituents has
been proposed to underlie the toxicity associated with protein
aggregates in many neurodegenerative disorders. Here we have
used fluorescence resonance energy transfer and deconvolution
microscopy to investigate the degree to which unrelated misfolded
proteins expressed in the same cells coaggregate with one an-
other. Our data reveal that in cells, protein aggregation exhibits
exquisite specificity even among extremely hydrophobic sub-
strates expressed at very high levels.

ggregation of proteins into insoluble intracellular com-

plexes and inclusion bodies is a common problem in bio-
engineering and is also intimately linked to the pathogenesis of
most neurodegenerative diseases in man (1). Protein aggregation
is widely viewed as nonspecific coagulation of incompletely
folded or partially denatured polypeptides, driven by interaction
among inappropriately exposed hydrophobic surfaces. Accord-
ing to this view, production of misfolded or denatured proteins
has been suggested to be deleterious to cells by virtue of their
ability to coaggregate with and thereby trap unrelated cellular
proteins that may transiently display complementary surfaces
(2-4). However, refolding studies of chemically denatured
polypeptides suggest that protein aggregation in vitro is due to
specific intermolecular interactions among defined domains
within structured folding intermediates (5). Evidence of this
specificity is found in the seeding behavior of amyloidogenic
proteins (6) and in the selectivity of aggregate formation by
model proteins (7). Although these studies suggest specificity in
aggregation of purified denatured proteins in dilute solution, few
studies have addressed the mechanism and specificity of protein
aggregation in vivo. In cells, the vectorial nature of protein
synthesis, the high protein concentration, the action of molecular
chaperones and proteases, the potential for posttranslational
modification, and the “molecular crowding” effect (8) are all
factors likely to influence protein aggregation.

In cells, aggregated proteins are usually sequestered in dis-
crete structures called inclusion bodies. Bacterial inclusion bod-
ies are often highly enriched in a single aggregated protein
species, suggesting that misfolded proteins do not coaggregate
with cellular proteins. In contrast, inclusion bodies in mamma-
lian cells are complex structures that contain many proteins,
including molecular chaperones, components of the ubiquitin-
proteasome system, centrosomal material, and cytoskeletal pro-
teins (9). Inclusion bodies are also enriched in proteins involved
in cell signaling, cell division, and apoptosis, suggesting that
coaggregation of misfolded, damaged, or mutant proteins with
normal cellular proteins could explain both the presence of
multiple proteins in inclusion bodies and the toxicity associated
with protein aggregation in many neurodegenerative diseases (2,
10, 11). The complexity of inclusion bodies in the mammalian
cytoplasm could either be due to protein coaggregation or it
could reflect a degree of complexity intrinsic to the mechanism
of inclusion body formation.
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We have previously reported that formation of cytoplasmic
inclusion bodies requires an intact microtubule cytoskeleton,
and that aggregated proteins accumulate near the microtubule
organizing center in discrete pericentriolar inclusion bodies
called aggresomes (12). Several recent reports support our pro-
posal that aggresome formation is a general response of mam-
malian cells to the presence of protein aggregates and suggest a
role for dynein/dynactin-mediated retrograde transport of ag-
gregated proteins on cytoplasmic microtubules in inclusion body
formation (13-15). One model to explain the presence of
multiple, unrelated proteins in or near aggresomes is that
misfolded proteins can coaggregate with cellular proteins, re-
cruiting them into cytoplasmic inclusion bodies. Alternatively,
the presence of multiple proteins in inclusion bodies could simply
reflect the centrosome’s function as the common terminus of
cytoplasmic microtubules.

To discriminate between these models, we have developed a
method that exploits fluorescence resonance energy transfer
(FRET) to study the process of protein aggregation in vivo. This
technique involves the transfer of energy from a fluorescent
donor in its excited state to another excitable moiety, the
acceptor, via nonradiative dipole—dipole interactions. This en-
ergy transfer process is highly sensitive to the distance and the
orientation between the two fluorophores in question, typically
occurring over a donor—acceptor separation of ~10-100 A,
making FRET an ideal technique to study protein—protein
interaction (16, 17). Most FRET studies have been conducted in
vitro because of the inherent difficulty in labeling two proteins in
vivo, but mutant forms of green fluorescent protein (GFP) from
Aequoria Victoria, namely cyan fluorescent protein (CFP) and
yellow fluorescent protein (YFP), with spectral overlap suitable
for FRET, have recently been developed (18). Using aggrega-
tion-prone proteins biosynthetically tagged with these fluoro-
phores, our data indicate that in cells, protein aggregation is
highly specific.

Experimental Procedures

Cells, Plasmids, and Transfections. HEK293 cells were cultured in
DMEM with 10% FBS and antibiotics. CFP and YFP fusions of
P23H-rhodopsin, Q25, and Q103 were made by ligating the
coding regions into CFP-N1 and YFP-N1 vectors (CLON-
TECH), respectively. CFP-AF508 and YFP-AF508 were gener-
ated by transferring a DNA fragment containing AF508 from
GFP-AF508 (19) to the CFP-C1 and YFP-C1 vectors (CLON-
TECH), respectively. The HA-tagged T-cell receptor alpha
chain (TCRa) construct has been described (20). Antibody to
the HA tag was obtained from CRP Inc. All transfections were
performed by using the calcium phosphate protocol (21). For
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FRET competition studies, cells were cotransfected with 1.36 ug
of fluorescent P23H (P23H-CFP + P23H-YFP in equal propor-
tion) and 6.8 pg of competition mix (competitor + empty vector
in varying proportion). To correct for background YFP fluo-
rescence, an identical set of cells was transfected with 0.68 ug of
P23H-YFP and 0.68 ug of unlabeled P23H, along with the same
amount of competitor/empty vector. For experiments in which
proteasome activity was inhibited, ALLN (N-acetyl-Leu-Leu-
norleucinal) was added 36 h posttransfection to a final concen-
tration of 10 pg/ml. For microtubule disrupting experiments,
nocodazole (10 pg/ml) was added 1 h before ALLN addition.

Fluorescence Microscopy. Transfected HEK293 cells grown on
glass coverslips were fixed in 4% paraformaldehyde. Conven-
tional epifluorescence micrographs were obtained on a Zeiss
Axiovert microscope with a 63X oil lens (NA1.4; Zeiss). Digital
(12-bit) images were acquired with a cooled CCD (Princeton
Instruments, Trenton, NJ) and processed by using METAMORPH
software (Universal Imaging, Media, PA). The excitation filters
used for conventional microscopy were 425DF20 (CFP),
490DF20 (YFP), and 570DF20 (Texas red). Emission filters were
475DF20 (CFP), 535DF20 (YFP), and 630DF25 (Texas red).
The dichroics were: 440DCLP (CFP), 505 DCLP (YFP), and 595
DCLP (Texas red). Images in Figs. 1 G-I and 3C were acquired
by using an Olympus microscope with 436 DF10 (CFP) and
500DF20 (YFP) filters for excitation and 470 DF30 (CFP) and
535 DF30 (YFP) filters for emission. Digital images (12 bit) were
digitally deconvolved by using DELTAVISION hardware and soft-
ware (Applied Precision, Issaquah, WA).

FRET Measurements. Fluorescence spectra were recorded on sus-
pended cells (=10° cells per ml) in a Spex fluorolog fluorometer
with a Spex 1620 dual grating emission monochromator (Spex
Industries, Metuchen, NJ). FRET measurements were made by
exciting the donor (CFP) at 425 nm and monitoring emission
between 450 and 600 nm. Slit widths were 2 mm for all
experiments. All FRET spectra were corrected for background
YFP fluorescence by subtracting the spectrum obtained from
cells transfected with identical amounts of the corresponding
YFP construct. For competition experiments, the ratio of flu-
orescence at 525 nm (YFP) to the fluorescence at 476 nm (CFP)
was measured. This ratio was 0.42 = 0.013 (SEM; n =5) for
P23H-CFP alone and 0.649 = 0.031 (SEM; n =5) for P23H-CFP
cotransfected with P23H-YFP. These ratios were assigned
FRET values of 0% and 100%, respectively. Energy transfer
efficiency (E) can be calculated as:

E = FA(obs)/FA(100%)

where FA (obs) is the observed acceptor emission due to FRET
and FA (100%) is the acceptor emission that would be observed
if there were 100% energy transfer (16, 17). Because FA (100%)
is a constant for a given donor-acceptor pair (CFP and YFP,
respectively, in this case), relative FRET efficiencies in this study
were calculated as ratios of observed acceptor emissions.

Results

Protein Colocalization in Inclusion Bodies Does Not Necessarily Indi-
cate Coaggregation. To assess specificity in protein aggregation,
we transiently coexpressed a panel of unrelated aggregation-
prone proteins in HEK293 cells. The AF508 mutant of the cystic
fibrosis transmembrane conductance regulator (CFTR) has
been shown to quantitatively misfold (22) and to accumulate in
aggresomes on overexpression (12). Like AF508, the P23H
mutant of rhodopsin, which is linked to autosomal dominant
retinitis pigmentosa (23), is a highly hydrophobic polytopic
membrane protein that is unable to fold in the endoplasmic
reticulum (24). We have recently shown that this protein is
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Fig. 1. Colocalization of aggregated proteins in cytoplasmic inclusion bod-
ies. (A-F) Visualization of inclusion bodies in cells cotransfected with P23H-YFP
and CFP-AF508 (A), TCRa (C), or Q103-CFP (E) by conventional epifluorescence
microscopy. TCRa was detected by indirect immunofluorescence against an
HA epitope bar. Inclusion bodies are denoted by arrows. (G-/) Visualization of
inclusion bodies by digital deconvolution microscopy. (G) P23H-YFP (red) and
AF508-CFP (green; single cell). (H) P23H-YFP (red) and Q103 (green; single cell).
(/) Q103 -CFP (red) and AF508-YFP (green; two cells, each with one inclusion
body). All cells were treated with ALLN to maximize protein aggregation.
(Scale bars: A-F, 15 um; G, 5 um; Hand /, 7.5 um.)

degraded by the ubiquitin proteasome system, that undegraded
forms accumulate in aggresomes, and that presence of the GFP
tag does not influence its intracellular trafficking or its biochem-
ical behavior (M.E.L,, R.S.R., and R.R.K., unpublished data).
When coexpressed with CFP-AF508 and evaluated by conven-
tional epifluorescence microscopy, P23H-YFP was colocalized
in aggresomes in a pattern indistinguishable from that of AF508
(Fig. 14 and B)."We also evaluated the intracellular distribution
of aggregated forms of the alpha subunit of the T-cell receptor
(TCRa). This type I integral membrane protein, when expressed
in the absence of its oligomeric partners, is unable to fold (25)
and, hence, is targeted to the cytosol for rapid ubiquitin and
proteasome-dependent degradation (26, 27). Undegraded
TCRa subunits form detergent-insoluble aggregates (27); these
were sequestered in aggresomes indistinguishable from those
formed by P23H (Fig. 1 C and D). Finally, we compared the

Tidentical results were obtained with non-C/YFP variants (data not shown).
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localization of P23H in aggresomes with the distribution of a
fragment of huntingtin containing Q103, an aggregation-
promoting polyglutamine (polyQ) tract fused to CFP (Fig. 1 E
and F). Previous studies have shown that huntingtin fragments
containing expanded polyQ form large, dense cytoplasmic in-
clusion bodies when expressed in tissue culture cells (28). Our
data (Fig. 1 E and F) confirm that Q103-CFP is indeed seques-
tered in singular cytoplasmic inclusion bodies that also contain
P23H. However, unlike AF508 and TCR«, Q103-CFP inclusion
bodies did not appear to align precisely with P23H (or AF508;
data not shown). In some cases, there seemed to be cavities in
the fluorescence from P23H-YFP that were filled by Q103-CFP.
In other cases, there appeared to be an overlap in the regions
occupied by the two proteins. To more clearly image these
inclusion bodies, we used digital deconvolution microscopy to
eliminate out-of-focus light from other focal planes (Fig. 1 G-I).
Strikingly, we observed that the inclusion bodies composed of
AF508 and P23H—which appeared homogeneous under con-
ventional epifluorescence microscopy—were composed of
smaller structures (Fig. 1G). Some of these particles [pseudo-
colored to reveal P23H (red) or AF508 (green)] overlapped to
produce yellow particles, whereas other particles were distinctly
red or green. Deconvolution revealed that Q103 localization was
always distinct from that of P23H (Fig. 1H) or AF508 (Fig. 11).
In some cases, the inclusion bodies appeared to be composed of
side-by-side regions enriched in the two proteins (Fig. 1H),
whereas in other cases the membrane protein aggregates ap-
peared to surround the Q103 aggregates (Fig. 17). These obser-
vations suggest that Q103 does not coaggregate with P23H and
AF508. However, the partial colocalization of P23H aggregates
with aggregates of the membrane proteins AF508 and TCRa
does not rule for or against coaggregation of P23H with the other
membrane proteins.

P23H Does Not Coaggregate with Other Aggregation-Prone Proteins.
To investigate protein aggregation at higher resolution, we used
FRET to evaluate the process of protein aggregation in living
cells. To validate this approach, we recorded the fluorescence
emission spectrum (excited for CFP at 425 nm) of a suspension
of cells cotransfected with P23H-CFP and P23H-YFP and
treated with the proteasome inhibitor ALLN to promote max-
imal aggregation. Under these conditions, the majority of cel-
lular P23H, which is unable to fold, aggregated and was localized
to cytoplasmic aggresomes (Fig. 1). The two peaks at 476 nm and
505 nm (Fig. 24, solid line) correspond to CFP emission, whereas
the shoulder at 525 nm reflects the sensitized emission from YFP
due to energy transfer from CFP. This conclusion was confirmed
in a control experiment where we performed the same mea-
surement on a suspension of identically treated cells expressing
only P23H-CFP mixed with cells expressing only P23H-YFP.
Because the two fluorophores are present in different cells, no
FRET can occur. Under these conditions (Fig. 24, dashed line),
the 525-nm shoulder is reduced and there is a corresponding
increase in CFP emission. This reciprocal relationship between
emission at the donor and acceptor wavelengths is a hallmark of
FRET, reflecting both quenching of donor fluorescence and
sensitized emission by the acceptor. Thus, we used the ratio of
YFP fluorescence (at 525 nm) to CFP fluorescence (at 476 nm)
to quantify the degree of FRET.

We designed a FRET competition experiment to assess the
degree to which P23H can coaggregate with other proteins.
Coaggregation of an unlabeled aggregation-prone protein with
P23H-C/YFP will reduce the average distance and, hence,
FRET between P23H-CFP and P23H-YFP molecules. Coex-
pression of unlabeled P23H reduced the FRET value between
P23H-CFP and P23H-YFP in a dose-dependent manner (Fig.
2B, open symbols). In contrast, coexpression of AF508 at similar
levels did not significantly reduce P23H FRET, suggesting that
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Fig.2. Specificity of protein aggregation measured by FRET. (A) FRET in cells

containing P23H inclusion bodies. Fluorescence emission spectra (excitation
425 nm) of a homogeneous suspension of cells cotransfected with equal
amounts of P23H-CFP and P23H-YFP plasmid (solid line) compared with the
spectrum of a suspension of a mixture of cells transfected with only P23H-CFP
and cells transfected with only P23H-YFP (dashed line). Arrows indicate the
emission peaks for CFP (476) and YFP (525) used to calculate the FRET value as
described in the text. (B) P23H (open squares), but not AF508 (filled squares),
can compete out FRET between P23H-CFP and P23H-YFP. The ratio of unla-
beled competitor plasmid to the total labeled plasmid is plotted on the x axis.
(C) Other aggregation-prone proteins (at a 4:1 plasmid ratio) do not decrease
FRET between P23H-CFP and P23H-YFP.

the AF508 molecules (Fig. 2B, closed symbols), which are
themselves largely aggregated under these conditions (12), do
not interact with P23H. Using this approach we found no
evidence for coaggregation between P23H and other aggrega-
tion-prone proteins including AF508, TCRa, and Q103—all of
which colocalize to the same inclusion body as P23H (Fig. 2C).
A trivial explanation for this observation is that the nonhomolo-
gous competitors have very different transfection efficiencies
compared with P23H, so that on an average most cells that
express P23H-CFP and P23H-YFP do not express the compet-
itor. However, fluorescence microscopy revealed that 75-82%
(n = 400) of cells expressing P23H also express the heterologous
competitor. These data, therefore, establish that proteins local-
ized to the same inclusion body do not necessarily coaggregate
with each other.

Aggregation Is Independent of Inclusion Body Formation. We and
others have previously shown that disruption of microtubule-
based retrograde transport prevents the formation of a single
juxtanuclear inclusion body and results in the appearance of
dispersed foci of misfolded protein throughout the cell (12-15).
If inclusion bodies are the intracellular sites at which misfolded
proteins aggregate, then disruption of microtubules with no-
codazole would be predicted to decrease the extent of protein
aggregation. To test this prediction, we assessed the effect of
nocodazole treatment on FRET between P23H-CFP and P23H-
YFP in proteasome-inhibited cells (Fig. 34). However, we
observed a nearly 25% increase in FRET in nocodazole-treated
cells, suggesting that protein aggregation is enhanced rather than
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Fig. 3. Protein aggregation is independent of inclusion body formation. (A)
Cells coexpressing P23H-CFP and P23H-YFP were treated with the proteasome
inhibitor ALLN to enhance protein aggregation in the presence or absence of
nocodazole to disrupt microtubules. Data represent mean + SEM from three
independent trials. (B) The fraction of cells from the experiment in A with asingle
inclusion body (shaded bars) or dispersed foci (open bars). A total of 400 cells were
counted for each treatment group. (C) Intracellular localization (deconvolved
microscopic images) of fusion proteins in dispersed foci from nocodazole + ALLN
treated cells expressing the heterotypic aggregation pair YFP-AF508 (red) + P23H
CFP (green) or the homotypic pair P23H-CFP (red) + P23H-YFP (green). (D)
Quantification of colocalization in the experiment from C.

diminished in the absence of microtubules. A control experiment
(Fig. 3B) confirmed that the presence of nocodazole caused a
3-fold decrease in the number of inclusion bodies. Thus, these
data demonstrate that aggregation of P23H occurs indepen-
dently of transport to pericentriolar inclusion bodies.

If protein aggregation is independent of inclusion body for-
mation, then the distribution of coexpressed proteins in nocoda-
zole-dispersed foci should reveal the extent of protein coaggre-
gation. To test this prediction, CFP-AF508 and P23H-YFP were
coexpressed in HEK293 cells and treated with nocodazole in the
presence of ALLN. Dispersed foci of P23H (green) were nearly
always distinct from foci of AF508 (red; Fig. 3C, Right), exhib-
iting less than 2% colocalization (Fig. 3D). In contrast, there was
extensive (67%) overlap between dispersed foci of the homo-
typic pair, P23H-CFP and P23H-YFP (Fig. 3C, Left, and D).
These data further confirm that the hydrophobic proteins P23H
and AF508 do not coaggregate with one another, even under
conditions in which inclusion body formation is suppressed.
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Coaggregation of PolyQ Proteins. While the preceding data suggest
that unrelated proteins do not coaggregate, even when they
share extensive hydrophobic character, they do not address
whether or not coaggregation can occur between proteins that
share other potential complementary “aggregation motifs.” One
such motif that has been proposed to potentially mediate
coaggregation of otherwise unrelated proteins is polyQ (3).
Short polyQ stretches (<25 Q) are present in many normal
proteins, including nuclear transcription factors and the wild-
type versions of genes linked to dominantly inherited neurode-
generative diseases like Huntington’s disease. However, proteins
containing long (>35 Q) polyQ runs are highly prone to
aggregate and have been suggested to coaggregate with and
“recruit” otherwise unrelated proteins containing short polyQ
stretches (3, 29). This type of interaction has been proposed to
lead to a potential dominant interference of mutant huntingtin
with the wild-type gene product (30).

To test this hypothesis we used C/YFP fusions to evaluate
the interaction between variants of a huntingtin fragment
(exon 1) containing long (Q103) and short (Q25) glutamine
homopolymers. A high fraction of cells expressing Q103
fusions alone spontaneously accumulate the huntingtin fusion
into cytoplasmic inclusion bodies; this fraction is dramatically
increased by inhibition of proteasome activity (31). By con-
trast, Q25 fusions remain diffusely cytoplasmic even on over-
expression and exposure to proteasome inhibitors (31). When
we coexpressed Q103-CFP and Q25-YFP in HEK293 cells, we
found that a significant fraction of normally soluble Q25-YFP
was sequestered into Q103-positive inclusion bodies (Fig. 44).
FRET measurements of Q103-CFP coexpressed with Q103-
YFP revealed the presence of a strong signal from the sensi-
tized emission of Q103-YFP, corresponding to Q103 aggre-
gation (Fig. 4B). On the other hand, no FRET between
Q25-CFP and Q25-YFP was detectable, consistent with Q25
being a soluble, monomeric protein. Strikingly, we observed a
strong FRET signal between coexpressed Q103-CFP and
Q25-YFP (Fig. 4B). The efficiency of energy transfer between
Q103-CFP and Q25-YFP was ~76% of that between Q103-
CFP and Q103-YFP (Fig. 4C).

Discussion

In this study, we have used two independent approaches to
demonstrate specificity of protein aggregation in vivo. In one
approach, deconvolution microscopy was used to assess the
intracellular localization of different aggregated proteins ex-
pressed in the same cell. These data show that proteins aggregate
into discrete foci that are homogeneous with respect to a
particular protein and that aggregation is independent of inclu-
sion body formation. In a second approach, FRET was used to
assess the degree to which hydrophobic (AF508, TCRa) or
hydrophilic (Q103) proteins can coaggregate with the very
hydrophobic protein P23H rhodopsin. Our data strongly suggest
that nonspecific aggregation between hydrophobic proteins does
not occur and supports the view that protein aggregation is
highly specific.

Several potential mechanisms could account for the specificity
in protein aggregation observed in these studies. A trivial
possibility is that proteins might not coaggregate because they
are present in different cellular compartments or cytoplasmic
regions. However, three of the proteins studied are integral
membrane proteins that are unable to fold and are dislocated
from the ER membrane to the cytoplasm by a common mech-
anism (refs. 12 and 27; M.E.I,, R.S.R., and R.R.K., unpublished
data); there is no evidence to suggest spatial restriction of these
proteins. A second possibility is that proteins could segregate
into separate aggregates if the kinetics of their aggregation were
to differ substantially. Indeed, such an explanation could po-
tentially account for the differences in the appearance of inclu-
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Fig. 4. Huntingtin Q103 coaggregates with a huntingtin fragment contain-
ing a nonpathogenic polyQ tract. (A) Inclusion bodies of Q103 colocalize with
Q25. (B) fluorescence emission spectra, as in Fig. 2 A, from cells cotransfected
with equal amounts of Q25-CFP + Q25-YFP (large dashes), Q103-CFP + Q103-
YFP (small dashes), or Q103-CFP + Q25-YFP (solid line). Spectra were normal-
ized for CFP fluorescence. (C) Quantification of FRET efficiency between
huntingtin fragments containing different glutamine repeat lengths.

sion bodies formed from two hydrophobic proteins compared
with inclusion bodies formed from hydrophobic proteins and
Q103. However, there is no a priori reason to argue that two
topologically similar proteins, P23H and AF508, should exhibit
significant differences in aggregation kinetics. Instead, we pro-
pose that the observed specificity in aggregation among hydro-
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phobic proteins reflects specific interactions between partially
folded (misfolded) intermediates. Because P23H and AF508 are
integral membrane proteins whose hydrophobic domains are not
normally exposed to cytosol, it is likely that the intermediates
leading to aggregation are different from those that are common
to the native folding pathway. It is all of more surprising,
therefore, that such exquisite specificity is maintained.

While our data demonstrate specificity in aggregation
among hydrophobic proteins or between hydrophobic and
hydrophilic proteins, they also show that specific coaggrega-
tion can occur between proteins, such as Q103 and Q25, that
share a common aggregation-promoting motif, previously
suggested by studies of colocalization and detergent solubility
(32). However, because our constructs differ only in the
number of glutamine residues, we cannot exclude the possi-
bility that other parts of the proteins might contribute to or
modulate this interaction. It is also not possible to extrapolate
from these data to predict whether different pairs of otherwise
unrelated proteins sharing limited polyQ domains would co-
aggregate with one another. Such interactions have been
proposed to explain the colocalization of polyQ- containing
cellular regulators like the CREB-binding protein (11, 32) and
TATA binding protein (33), which bear short (=19) polyQ
tracts, to inclusion bodies in moribund neurons and in cellular
models of neurodegenerative disease. Although our data do
not rule for or against the existence of such interactions, they
do explicitly show that colocalization to the same inclusion
body cannot substitute for biochemical or biophysical evidence
for interaction.

Finally, the finding that GFP and its variants fluoresce, even
while participating in aggregates, illustrates that aggregated
proteins have not necessarily adopted a completely non-native
structure. Although our constructs are all artificial fusions, it is
reasonable to extrapolate from these findings to propose that
similar “partial” aggregation may be possible for naturally
occurring multidomain proteins. This raises the possibility that,
in addition to nonspecific coaggregation (which does not appear
to occur) and “specific” coaggregation (as illustrated by polyQ-
mediated interaction) a third mode of coaggregation—"“native
coaggregation”—may be possible. In this mode, binding partners
of multidomain proteins could be recruited into an aggregate by
virtue of their interaction with the native domains of aggregated
proteins. Such interactions, if they exist, could provide another
mechanism by which proteins aggregates disrupt cellular
metabolism.
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