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Abstract

Given the clear role of protein aggregation in human disease, there is a critical need for assays
capable of quantifying protein aggregation in living systems. We hypothesized that the inherently
low background and biocompatibility of luminescence signal readouts could provide a potential
solution to this problem. Herein, we describe a set of self-assembling NanoLuc luciferase (Nluc)
fragments that produce a tunable luminescence readout that is dependent upon the solubility of a
target protein fused to the N-terminal Nluc fragment. To demonstrate this approach, we employed
this assay in bacteria to assess mutations known to disrupt amyloid-beta (AS) aggregation as well
as disease-relevant mutations associated with familial Alzheimer's diseases. The luminescence
signal from these experiments correlates with the reported aggregation potential of these AS
mutants and reinforces the increased aggregation potential of disease-relevant mutations in
ApBi1-42. To further demonstrate the utility of this approach, we show that the effect of small
molecule inhibitors on Ag aggregation can be monitored using this system. In addition, we
demonstrate that aggregation assays can be ported into mammalian cells. Taken together, these
results indicate that this platform could be used to rapidly screen for mutations that influence
protein aggregation as well as inhibitors of protein aggregation. This method offers a novel,
genetically encodable luminescence readout of protein aggregation in living cells.
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Protein aggregation is now recognized as a defining component of numerous human disease
states including Alzheimer's (Ag), Huntington's (huntingtin), and Parkinson's (a-synuclein)
disease as well as type 2 diabetes (amylin).1 As a consequence, there is significant interest in
understanding the mechanisms of protein aggregation?~* as well as identifying compounds
capable of modulating this process.>~ However, efforts to develop such compounds have
been hindered by the paucity of assays capable of sensitively reporting on protein
aggregation in living cells in a high-throughput format. One approach to this problem has
been to monitor the influence of proteins fused to the N-terminus of reporters such as GFP,
B-galactosidase, or chloramphenicol acetyltransferase.8-10 Indeed, the Hecht laboratory has
employed AB-GFP fusions to identify novel inhibitors of Ag aggregation.® Although
powerful, these methodologies are limited by the inherent detection limits of colorimetric-
and fluorescence-based assays as well as potential false positives due to autofluorescent
compounds. Consequently, we set out to investigate luminescence as an alternative detection
modality since luminescence-based assays afford relatively high sensitivity and lower
background compared to colorimetric- and fluorescence-based approaches. In addition,
luminescence-based assays are commonly used for imaging in living organisms,11:12
allowing for the long-term possibility of monitoring compound efficacy in animal models of
disease.

In order to generate a genetically encodable sensor of protein aggregation, we turned our
attention to self-assembling split-protein reporter systems. Interestingly, compared to
conditional split-protein reassembly systems which have been extensively employed to
detect protein—protein interactions in living systems,13-18 self-assembling split-protein
systems have been relatively underexplored. One notable exception is the self-assembling
GFP fragments described by the Waldo laboratory.1® Using this system, one can monitor the
solubility of a protein by fusion to a self-assembling GFP fragment. Expression of this
fusion protein in the presence of the complementary fragment results in recovery of GFP
fluorescence that is proportional to the solubility of the appended protein. This approach has
been used to readily identify solubilizing mutations for a variety of proteins.2921 However,
this methodology is limited by the lag time of GFP chromophore formation after reassembly,
potentially hindering real-time analysis. One alternative approach is to utilize luciferase
enzymes to monitor protein aggregation in living cells.22 A promising strategy in this area is
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to leverage the conditional reassembly of split-luciferase fragments to detect protein
aggregation.23 Although numerous conditional split-luciferase systems have been
described,24-27 self-assembling luciferase platforms have received relatively little
attention.28:29 We hypothesized that a thermostable luciferase may provide an appropriate
scaffold for the discovery of self-assembling luciferase fragments. Nluc3931 is a recently
described, engineered luciferase capable of producing a robust luminescence signal using
either coelenterazine or furimazine as a substrate. The Nluc scaffold displays enhanced
thermostability relative to firefly luciferase and is not sensitive to unfolding/refolding cycles.
Herein, we present the discovery of self-assembling Nluc fragments capable of producing a
luminescence signal within seconds upon mixing. We further demonstrate the utility of these
fragments by monitoring protein solubility in living cells, as well as the effect of small
molecules on protein aggregation using a straightforward assay format (Figure 1).

Results and Discussion

In the absence of a crystal structure of Nluc, we chose to employ computational modeling in
order to identify potential solvent exposed loops as sites for fragmentation in Nluc.32:33 This
analysis yielded five possible fragmentation sites (Figure S1 and Table S1). In order to
assess the ability of these fragments to self-assemble, we cloned each fragment into separate
compatible vectors for expression in bacteria. Cotransformation and expression of these
fragments in bacteria yielded four hits capable of self-assembly as judged by luminescence
imaging of bacteria (Figure 2a). Separate expression of each of these fragments yielded no
observable background luminescence in cells (Figure 2a). Building upon these promising
results, we next investigated the magnitude of the luminescence signal obtained from each
self-assembling pair by normalizing bacterial cultures based on cell density and monitoring
luminescence of cell suspensions on a plate reader. These data demonstrated that the
maximal luminescence signal was generated by the Nluc fragment combination
corresponding to residues 1-65 (N65) and 66-171 (66C; Figure 2b). Identical results were
obtained when Nluc fragments were expressed separately and the resulting lysates were
mixed (Figure S2). The luminescence signal from these assays did not increase after mixing
(Figure S3), indicating that reassembly occurs within seconds of mixing the protein
components. These data convincingly demonstrate that a direct interaction between Nluc
fragments after translation is responsible for the observed increase in luminescence. In
addition, no detectable luminescence was observed in these lysates prior to mixing with the
complementary fragment (Figure S2). Taken together, these results suggest that Nluc
provides a robust structure for the identification of self-assembling protein fragments
capable of rapid association to produce a luminescent complex in living cells.

To further assess reassembly in this system, we separately purified the N65 and 66C
fragments using immaobilized metal ion affinity chromatography. Although the yields of 66C
were relatively low compared to N65 (0.07 mg versus 0.8 mg per liter of culture,
respectively), we were able to obtain sufficient quantities of protein for /n vitro analysis
(Figure 3a). Interestingly, we observed a weak luminescence signal from 66C alone at 50
nM (Figure 3b). However, the addition of excess N65 led to a robust 10-fold increase in
luminescence that was not accounted for by the sum of the luminescence of either fragment
alone (Figure 3b). These data suggest that the concentration of soluble 66C within living
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cells is below the detection limit of the luminescence assay, providing a turn-on
luminescence signal that is proportional to the concentration of N65 with essentially
undetectable background (Figure 2). This hypothesis is further supported by control
experiments, which indicate that coexpression of the N65 and 66C fragments leads to an
increase in the total expression level of 66C (Figure S4). This effect is presumably due to the
increased solubility of the reassembled enzyme. Moreover, the poor solubility and
expression level of 66C alone is likely responsible for the low yield of this fragment during
purification. Reassembled Nluc could be detected using either coelenterazine or the
optimized substrate furimazine (Figure S5). Titration of 66C with increasing amounts of
N65 indicated that the luminescence response from these fragments was linear over 3 orders
of magnitude under these assay conditions, clearly demonstrating the ability to correlate the
luminescence signal to protein concentration (Figure 3c). Comparison of the luminescence
intensity of reassembled N65 and 66C to a calibration curve constructed using known
concentrations of full-length Nluc (Figure S6) indicated that reassembly efficiency was
~0.1% using 10 M N65 and 10 ¢M 66C. This level of efficiency is comparable to that
observed in other split-protein systems.3* Monitoring luminescence response over time after
mixing purified proteins indicated that reassembly had occurred within the time used for
assay preparation (seconds time scale, see Figure S7). Similar results were obtained when
N65 and 66C fragments were mixed and luminescence was measured by the addition of
coelenterazine at different time points up to 2 h (Figure 3d). Together, these results indicate
that reassembly occurs rapidly upon mixing of the complementary fragments.

Building upon these results, we reasoned that modulation of the solubility of N65 in cells
could directly impact the extent of Nluc reassembly and serve as a sensitive readout of the
solubility of proteins fused to N65 (Figure 1). As a first step toward this goal, we determined
whether the relative trends in solubility of the well-characterized proteins GFP,3° maltose
binding protein (MBP),36 and AB;_4»*6 were perturbed in this assay system. We fused each
of these proteins to the N-terminus of N65; yielding GFP-N65, MBP-N65, and Ap;_42-N65
(Table S2). Coexpression of these three N65 fusions together with 66C resulted in a
dramatic modulation of luminescence signal in intact cells that trended with the relative
solubility of these proteins (Figure 4). Moreover, Western blotting analysis of soluble N65
fusions directly correlated to the observed luminescence in this system (Figure 4).
Importantly, fusion of MBP to the N-terminus of 66C resulted in poor luminescence
recovery, possibly due to inhibition of Nluc reassembly (Figure S8).

Building upon these results, we then asked whether this system could report on the effect of
point mutations that are known to decrease the aggregation potential of Ag;_s0.4
Accordingly, we chose the GM18, GM33, and GM6 mutants described by the Hecht
laboratory, which display increased lag times for aggregation compared to wild-type protein.
Importantly, using a GFP solubility assay, these point mutants have been shown to display
33% (GM18), 45% (GM33), and 100% (GM®6) fluorescence relative to the wild-type ABy_4,
(5% fluorescence recovery).* Fusion of these AB;_s> mutants to the N-terminus of N65
(Table S2) resulted in a predictable alteration in luminescence signal within living cells that
correlated with the published GFP-based assay data (Figure 5a). This change in
luminescence intensity was proportional to the amount of soluble protein and was not due to
changes in overall protein expression levels (Figure S9). To further assess the utility of this
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system we probed to affect disease-related mutations in AB;_4» on luminescence signal
output in living bacteria. Specifically, we chose the D23N (lowa)3” and E22G (Arctic)38
mutations, which were identified through sequencing of individuals in families with early
onset Alzheimer's. Comparison of recovered luminescence in cells expressing N-terminal
fusions of these mutations to N65 yielded 23 and 54% decreases in luminescence relative to
wild-type ApBy_42, for the D23N and E22G mutants respectively (Figure 5b). These results
are in agreement with previous work that indicates an increased aggregation potential for
these mutants compared to wild-type ABy_s»,38-41 indicating that the split-Nluc fragments
can be used to assess the aggregation potential of disease-relevant mutations. Although it is
possible that highly soluble N65 fusions could exhaust the cellular pool of 66C leading to a
nonlinear response from this assay system, we do not observe this phenomenon using the
panel of fusion proteins described in this work (Figures 4, 5, and S9). Furthermore, Western
blot analysis can be used as a secondary assay to validate results from the luminescence
assay. Taken together, these data demonstrate the ability of this platform to identify
mutations that alter AB;_4» aggregation potential as well as probe the influence of disease-
relevant mutations on aggregation.

In a broader context, these results show that this assay platform could be utilized to screen
for inhibitors of protein aggregation. As a proof-of-principle, we asked whether we could
monitor the inhibition of AB;_4, fibrillization using o-vanillin.#2 First, we generated lysates
of cells expressing either AB;_42-N65 or 66C and assessed whether we could monitor
aggregation of ABy_4, over time by addition of 66C (Figure 6a). Indeed, we observed a
time-dependent decrease in luminescence signal, indicating that this approach could be used
to monitor the kinetics of AB;_4o aggregation in a similar format to traditional thioflavin T
assays. Although it should be noted that in this context amyloid species may already be
present and provide nucleation sites for further aggregation. We next asked whether the
effect of o-vanillin could be assessed using this system. Indeed, addition of o-vanillin to
ApP1-42-N65 lysates resulted in a 19% increase in luminescence (Figure 6b). This inhibitory
effect is similar to that observed previously for o-vanillin.#2 In the long term, we expect that
this assay platform could be used to identify noncytotoxic, membrane permeable small
molecule inhibitors of AB;_4» aggregation.

One potential utility of this genetically encodable protein aggregation assay would be the
ability to assess protein aggregation in mammalian cells. In order to first determine whether
reassembly of Nluc in mammalian cells could be monitored, we transfected NIH-3T3 cells
with vectors expressing N65 or 66C and compared recovered luminescence to cells that had
been cotransfected with N65 and 66C. Live cell luminescence measurements using
furimazine as a substrate clearly indicated that luminescence was only observed in cells
expressing both Nluc fragments, while expression of N65 or 66C alone produced
background levels of luminescence (Figure 7a). Next, we asked whether the relative
differences in the luminescence of AB1_42, GM18, or GM6 fusions to N65 (Figure 5a) could
be monitored in mammalian cells. As expected, we observed clear increases in the
luminescence signal obtained from the GM18 and GM6 fusions that correlated with the
results obtained in bacteria (Figure 7b). Taken together, these data indicate the ability to
leverage this methodology to identify mutations as well as small molecules in bacterial
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systems amenable to high-throughput screening and subsequently port these assays into
more relevant mammalian cell systems.

In conclusion, we have described several self-assembling Nluc fragments based on
dissection at predicted solvent exposed loops. Reassembly and resulting luminescence
output of the fragments termed N65 and 66C can be modulated by the solubility of proteins
fused to N65. This property allows for the sensitive detection of protein solubility in a
straightforward, high-throughput assay format in living cells. The ability to detect disease-
relevant mutations that influence the aggregation potential of proteins indicates that this
assay platform could find utility in high-throughput screening of protein aggregation
inhibitors. As a proof-of-concept, we have demonstrated the ability to assess the influence of
small molecules on ApB;_4, aggregation. In addition, we have shown that assays can be
ported into mammalian cell systems. Our laboratory is currently investigating the
fundamental determinants of aggregation in several disease-relevant proteins as well as
screening for inhibitors of protein aggregation. We are also investigating the ability to utilize
these fragments to detect protein localization in mammalian cell systems#344 as well as
employing mutagenesis to afford fragments capable of conditional reassembly that could be
used to probe protein—protein interactions in living systems.

General Methods

Proteins isolated from immobilized metal ion chromatography were further purified by
FPLC on an AKTAprime-Plus (GE Healthcare) with a HiLoad 16/600 Superdex 75pg
column (GE Healthcare). Protein absorbance was monitored at 280 nm.

Protein concentrations were determined using a BioMate 3S UV-visible spectrophotometer
(Thermo Scientific).

Luminescence images were captured on a Gel Doc XR+ system. Luminescence intensities
were quantified using a SynergyH1 hybrid reader (BioTek). Plates were either Corning 96-
well assay plates (3359) [white, half area, round-bottom, 120 ¢4 reaction volume] or
Corning 384-well assay plates (3824) [white, low volume, flat bottom, 40 zi_ reaction
volume]. Luminescence readings in living bacteria were obtained 30 min after substrate
addition; all other luminescence readings were acquired immediately after substrate
addition, unless indicated otherwise. Relative luminescence data were obtained by dividing
raw luminescence readings by the largest luminescence value obtained in each experiment.

Recipes for buffers and stock solutions can be found in the Supporting Information. TB
medium is terrific broth.

Identification and Cloning of Nluc Fragments

Details can be found in the Supporting Information.
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Luminescence Imaging of Bacteria

BL21-Gold (DE3) competent cells (Stratagene) were singly transformed with either the
pET-45b N-terminal Nluc fragment plasmid or the pRSF-1b C-terminal Nluc fragment
plasmid. Cultures were grown from single colonies to an ODggg = 0.6-0.8 at 37 °C, with
shaking at 250 rpm. Cultures were then cooled to 16 °C, and the cells were induced with 0.2
mM IPTG and grown overnight. Cell cultures were normalized to an ODggg = 3.0 in 1 mL.
Cells were harvested by centrifugation at 700g for 10 min at 4 °C and resuspended in 15 /1
of 50 M colenterazine. The reaction mixture was immediately spotted on a nitrocellulose
membrane and imaged using a Gel Doc XR+ system.

Luminescence Assays Using Cell Lysates

Cultures were induced as above and normalized to an ODggg = 3.0 in 2 mL, and cells were
harvested at 17 000g for 10 min. Cell samples were lysed using the B-PER Bacterial Protein
Extraction Reagent (Life Technologies, 100 /1), following the vendor recommended
protocol. Soluble fractions were collected after centrifugation and used in the following
assay. For the assay reaction, 48 L of N-terminal fragment lysate, 48 /L of C-terminal
fragment lysate, 99 uL of 2x Nluc assay buffer (see Supporting Information for recipe), and
195 /1 of 50 1M colenterazine in 1x Nluc assay buffer were mixed. For control reactions,
48 1 of N- or C-terminal fragment lysate, 48 /L of B-PER, 99 uL of 2x assay buffer, and
195 of 4L of 50 ¢M colenterazine were mixed.

Expression and Purification of N65 and 66C Nluc Fragments

The pET-45b N65 or pRSF-1b 66C plasmids were singly transformed into BL21- Gold
(DE3) competent cells (Stratagene) and grown at 37 °C to mid log phase in 1 L of TB media
with the appropriate antibiotic. The culture was cooled to 16 °C, and the cells were induced
with 0.2 mM IPTG and grown overnight. Cells were harvested by centrifugation at 3220g
for 30 min at 4 °C, washed with DI water, and frozen at —80 °C. For cell lysis, pellets were
thawed and resuspended in 40 mL of 1x PBS containing 1 mg mL™1 lysozyme and
incubated for 20 min at 4 °C. The cells were then sonicated at 40% amplitude using 1 s on
and 1 s off cycles for a total of 45 s. Lysates were clarified by centrifugation at 18 000g for
60 min, followed by incubation with HisPur Ni-NTA resin (Thermo Scientific, 500 zL resin
per 1L cell culture). Prior to incubation with lysate, the resin was equilibrated with 20 mL of
1x PBS. Lysates were incubated with resin for 1 h under rotation at 4 °C. Ni-NTA resin was
then collected and washed with increasing concentrations of imidazole in 1x PBS (100 mL
of 10 mM imidazole followed by 100 mL of 50 mM imidazole). Protein was eluted with 5
mL of 500 mM imidazole in 1x PBS. Eluted proteins were further purified via FPLC using
1x PBS as the mobile phase. Fractions containing the desired protein as assessed by SDS-
PAGE (N65 molecular weight = 10 289 Da and 66C molecular weight = 13 530 Da) were
combined and concentrated using 3.5 kDa MWCO Amicon Ultra-15 centrifugal filters via
centrifugation at 3220g at 4 °C. Concentrations of N65 were determined by measuring
absorbance at 280 nm (N65 molar extinction coefficient = 13 980 M~ cm™1).
Concentrations of 66C were estimated from gels by comparison to N65.
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Titration of 66C with N65

The 66C fragment (384 nM) was mixed with increasing concentrations of N65 fragment (50
nM, 100 nM, 200 nM, 500 nM, 1 ¢M, 2.5 tM, 5 1M, 10 1M, 15 ¢M, and 20 M) in an assay
reaction containing 50 M coelenterazine and 1x PBS (total volume of the assay was 120

).

Cloning of Amyloid-Beta-, GFP-, and MBP-N65 Fusions

Full details can be found in the Supporting Information.

ApBi_42> GM Mutant Protein Solubility Assays

BL21-Gold (DE3) cells were cotransformed with vectors containing the N-terminal fusions
of the indicated proteins to N65 as well as a vector expressing 66C (full sequence details can
be found in Tables S1 and S2). Single colonies were used to inoculate 8 mL of TB media
containing ampicillin and kanamycin. Cultures were grown to an ODgpg = 0.6-0.8 at 37 °C,
250 rpm. Cultures were then cooled to 16 °C, and the cells were induced with 0.2 mM IPTG
and grown overnight. The next morning, cell cultures were normalized to an ODggg = 3.0 in
1 mL. Cells were harvested by centrifugation at 700g for 10 min at 4 °C and resuspended in
1x Nluc assay buffer (200 zL). An equal volume of cell culture (195 z1) and 50 @M
coelenterazine were mixed in order to initiate the luminescence assay.

Disease-Relevant Ag;_4, Mutant Assays

BL21-Gold (DE3) cells were cotransformed with vectors containing the N-terminal fusions
of AB1_4» mutants D23N, E22G, or wild-type AB1_4» (Table S2) to N65 as well as a vector
expressing 66C. Single colonies were used to inoculate 8 mL of TB medium containing
ampicillin and kanamycin. Cultures were grown to an ODggg = 0.6-0.8 at 37 °C, 250 rpm
and were induced with 1 mM IPTG and grown for 3 h. Cell cultures were normalized to an
ODggg = 3.0 in 1 mL. Cells were harvested by centrifugation at 700g for 10 min at 4 °C and
resuspended in 1x Nluc assay buffer (200 zL). An equal volume of cell culture (195 z1.) and
50 pM coelenterazine were mixed in order to initiate the luminescence assay.

Western Blotting Conditions

Western blotting conditions are provided in the Supporting Information.

Monitoring Inhibition of AB;_4> Aggregation

BL21-Gold (DE3) cells were singly transformed with a vector expressing ASy_42-N65 or
66C. Single colonies were used to inoculate 20 mL of TB media containing ampicillin or
kanamycin. Cultures were grown to an ODggg = 0.6-0.8 at 37 °C, 250 rpm. Cultures were
then cooled to 16 °C, and the cells were induced with 0.2 mM IPTG and grown overnight.
The next morning, cell cultures were harvested at 17 000g for 10 min. Cell samples were
lysed using B-PER (1000 /1), following the vendor recommended protocol. Soluble
proteins were collected after centrifugation and used in the following assay. Cell lysate from
cells expressing ABy_42-N65 (150 £L) were mixed with 50 4L of PBS with or without o-
vanillin (10 &M final concentration). Assay reactions were incubated at 37 °C for 3 h.
Similarly, assay reactions without o-vanillin were also set up and incubated at 37 °C. After
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incubation for the indicated time, the Af1_42-N65 lysate was mixed with cell lysate
containing the 66C Nluc fragment (50 z1) and incubated at RT for 5 min. An equal volume
(195 gL of lysate mixture and 50 M colenterazine were mixed, and luminescence was
measured on a plate reader.

Cloning of Mammalian Cell Expression Constructs

Full details can be found in the Supporting Information.

Mammalian Cell Experiments

NIH-3T3 cells were seeded in 96-well plates in 200 zL of complete growth media (DMEM
+10% FBS + 1% penicillin-streptomycin) and grown overnight at 37 °C with 5% CO,. The
following day, cells were cotransfected with vectors containing N65 and 66C Nluc
fragments (see Table S3 for sequences), 100 ng each, using Lipofectamine 3000 Reagent
(Invitrogen) according to manufacturer protocols. As a control, NIH-3T3 cells were singly
transfected with either N65 or 66C vector, 100 ng. Mock transfections (lipid complexes
without DNA) were also conducted. Cells were grown overnight at 37 °C, and after 20 h the
medium was aspirated and replaced with growth media without phenol red. Nano-glo
substrate (Promega) was added to initiate the luminescence assay according to manufacturer
protocols. Luminescence values from untreated cells were used for background subtraction.

Aggregation assays with AB1_4> mutants (see Table S3 for sequences) were performed as
above except that 600 ng of each plasmid was used for transfection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Schematic of aggregation assay. Fusion of a protein (tan) to the N-terminal Nluc fragment
(gray) results in predictable changes in observable luminescence (right) that correlates with

the solubility of the appended protein.
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Figure 2.
Spontaneous reassembly of Nluc fragments in bacteria. (a) Luminescence images of bacteria

expressing the indicated combinations of Nluc fragments. Full amino acid sequences are
given in Table S1. (b) Relative luminescence of bacterial cell suspensions expressing the
indicated Nluc fragment combinations. Samples were normalized for cell density. Error bars
represent the standard deviation of triplicate experiments.
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Figure 3. Invitro

characterization of N65 and 66C Nluc fragments. (a) Coomassie stained gels of purified N65
and 66C. (b) Spontaneous reassembly of purified N65 (5 ¢M) and 66C (50 nM) fragments.
Luminescence was measured 50 min after addition of substrate. (c) Luminescence of
purified 66C (384 nM) in the presence of increasing concentrations of N65. (d)
Luminescence of N65 (250 nM) and 66C (250 nM) fragments assessed at the indicated time
after mixing by the addition of coelenterazine. Error bars represent the standard deviation of
triplicate experiments.
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MBP

Effect of soluble N65 concentration on luminescence recovery in bacteria. Luminescence of
Api_42, GFP, and MBP fusions to N65 assessed in intact bacteria expressing 66C. Observed
luminescence correlates with soluble protein as determined by Western blot (inset). Data are
normalized for cell density, and error bars represent the standard deviation of triplicate

experiments.
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Figureb.
Monitoring the relative aggregation potential of proteins in bacteria. (a) Bacterial

luminescence from the N65/66C system correlates with previously published aggregation
potentials for a series of AB;_4» mutants determined using a GFP-based aggregation assay.*
ABi1_4o point mutants are GM18 (L34P), GM33 (L34P and A42S), and GM6 (F19S and
L34P). WT is wild-type ApB1_47. Error bars for luminescence data represent the standard
deviation from triplicate measurements on two separate biological replicates (six total
measurements). (b) Luminescence output from bacteria expressing D23N- or E22G-N65
fusions. Error bars represent the standard deviation of triplicate experiments. Data in both
panels are normalized for cell density.

ACS Chem Biol. Author manuscript; available in PMC 2017 January 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Zhao et al.

Page 17

1.04

0.84

0.6+

0.4+

Relative Luminescence

0.24

0.04 0 T 1 T 2 T !—

Time (hours)

1.4-

1.24 ‘

1.0

0.8

0.64

0.4

0.2

0.0 "

T

No Inhibitor 10 uM o-vanillin

Relative Luminescence

Figure®6.
Monitoring the effect of small molecule inhibitors of protein aggregation. (a) The

aggregation of AB;_4-N65 can be monitored by incubation of AB;_4»-N65 lysate for the
indicated time at 37 °C and detection of aggregation by subsequent addition of 66C lysate
and coelenterazine. A time-dependent decrease in luminescence is observed. (b) Inhibition
of ApBy1_4» aggregation is observed in the presence of 10 M o-vanillin. Lysates containing
ApB1_42-N65 were incubated with o-vanillin for 3 h. Aggregation was detected by the
addition of lysates containing 66C as well as coelenterazine. * indicates a p value of 0.001.
Error bars represent the standard deviation of triplicate experiments.
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Aggregation assays can be ported into mammalian cells. (2) Luminescence of NIH-3T3 cells
transfected with plasmids encoding the indicated Nluc fragments. Luminescence is only

observed when both N65 and

66C are present. (b) Luminescence output resulting from

expression of ABy_4» mutants fused to N65 correlates with the known aggregation potential
of these proteins (see Figure 5a). Error bars represent the standard deviation of triplicate

experiments.
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