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ABSTRACT

Agingand agerelated neurodegenerationare amongthe major challengesn modern medicine becauseof the
progressiveincreasein the number of elderly in the world population. Nutrition, which hasimportant long-
term consequencesfor health, is an important wayto prevent diseasesand achievehealthy aging. The
beneficial effects of Vigna unguiculata on metabolic disordershave beenwidely documented.Here, we show
that an aqueousextract of V. unguiculata beans delays senescenceboth in Saccharomycescerevisiaeand
Drosophilamelanogaster in a Snfl/AMPkdependentmanner. Consistently,an increasedexpressionof FOXC
SIRT1INOTCHind heme oxygerase(HO)genes,alreadyknown to be required for the longevity extensionin D.
melanogaster is also shown. Preventing" -synucleinself-assemblyis one of the most promisingapproachesor
the treatmentoft | NJ A dise@&s§(RD#for which agingis arisk factor. In vitro aggregationof h -synuclein,its
toxicity and membranelocalizationin yeastand neuroblastomacellsare strongly decreasedn the presenceof
beanextract. In a Caenorhabditiselegansmodel of PD,V. unguiculataextract substartially reducesthe number
of the age-dependentdegenerationof the cephalicdopaminergicneurons. Our findings support the role of V.
unguiculatabeansasa functional food in agerelated disorders.

INTRODUCTION

Nutrients and their metabolites control energy balance,
enzymatic activities and genome stability throughout
the lifecycle. It is an unequivocal statement that

nutritional deficiency as well as excess contribute to the
aging process. Dietary restriction is known as the most
effective longevity intervention ranging from yeast to
primates [16]. Several results have suggested new
roles of key nutrients in the pratén against aging and
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agerelated disorders [¥]. Thus, there is an increasing
interest in nutrition as aay both to prevent diseases
and to reaclhealthy aging.

Much of the current knowledge on the molecular
mechanisms of aging comes from lifespstodies on
shortlived model organisms, such as the budding yeast
Saccharomyces cerevisja®rosophila melanogaster
and Caenorhabditis eleganf8]. Specifically, AMPK
(AMP-activated protein kinasg) IGF (insulin-like
growth factor)and TORCI1(target ¢ rapamycin kinase
complex 1)signaling pathways play key functions in
regulating aging [011].

Neurodegenerative diseases, characterized by aberrant
aggregates of the presynaptic protBusynuclein, are
collectively referred t@ssynucleinopathies, the second
most commorgroup ofneurodegenerative diseasesi[12
14]. One of the most common synucleinopeghis
Par ki nsonds addi autesmreat dorfiram )
for ms of PD have been- 1
synuclein. In PD patieat neurodegeneration is found
predominantly in dopaminergic neurons. Despite the
advances in the study of these pathologies, the detailed
molecular mechanism of neuronal degeneration is still
largely unknown. Several studies underline the relevant
role of cellular models for a better understanding of the
molecular regulation of human pathologies [15]. As
such, budding yeast has been extensively employed in
models of synucleinopathies [1B9]. In addition, an
agerelated degeneration of dopaminergic neurbas
been shown in wildype C. elegang20]. Interestingly,
neuronal and dendritic loss are accelerated and more
severe when humart-synuclein is expressed in
dopaminergic neurons [@. elegang21].

Vigna unguiculata(L.) Walp. or cowpea is the most
relevant Vigna species for human food. It is cultivated
in tropical and subtropical zones of the world, including
Africa, Asia, Latin America and alson some
Mediterranean countries [223]. Cowpea seeds are a
good source of proteins, which mainly consisit
globulins (vicilins or 7S globulins) and, to a lesser
extent, albumins, glutelins and prolamins [24]. From a
nutritional point of view, there is a high ratio of
essentiato-nonessential amino acids, which is over
50%, suggesting the potentiahpacity of cowpea to
cover human nutritional requirements [236].
Moreover, bioactive peptides with antioxidant activity
are successfully obtained from enzymatic proteolysis of
cowpea proteins, indicating also its poteitiyalas a
functional food [24]. Ircomparison with other legumes,
cowpea has a lodat content with high level of
unsaturated fatty acids and is also characterized by a
high proportion of carbohydrates (mainly dietéibers
and resistant starch) [24]. Apart from the relevant

source of essential macronutrients, cowpea also
constitutes an interesting source of micronutrients [27].

All these features, together with the presence of
minerals (calcium, iron and zinc) and phytochemicals,
such as phenolic compounds, are attracting the attenti

of consumers and researchers, also because of its
beneficialpropertiesfor health including antidiabetic,
anticancer, anthyperlipidenic, antrinflammatory and
antihypertensive properties [28].

The aim of the present study is to investigahetheV.
unguiculata also has antaging and neuroprotective
effects, exploiting different model organisms to address
complementary aspects. We show that an aqueous
extract fromV. unguiculatabeans increases lifespan in
yeast cells, being dependent on Snfl/AMPK (suerose
nortfermenting/AMRactivated protein kinase) and
Ras/PKA(Rat sarcoma/protein kinase pathways. Its
pro-longevity feature is also confirmed on the
miultieallulart organiam B. anelamogaster which s
consistent with the increased expression of AMPK
dependent genes associangth fly lifespan extension.
Cowpea extract is able to significantly reduce the
aggregation of -synucleinin vitro and to attenuate its
toxicity both nh yeast and neuroblastoma cells.
Remarkably, in a nematode model expressing hurman
synuclein, the agdependent degeneration of the
dopaminergic neurons is strongly reducederchronic
treatments withv/. unguiculateextract.

RESULTS

Vigna unguiculata extract extends lifespan in yeast
cells

Considering the nutritional properties and positive
effects for health of Vigna unguiculata[28], we
investigated the composition of aqueous bean extracts
from V. unguiculatain comparison with those obtained
from Cajanus cajanL. and Phaseolus vulgarisl..,
originating from the Arusha area in Tanzanid.
unguiculataextractwas characterized by a higher starch
amount and less proteins compared to the extracts
obtained from the other pulses, while the percentage of
total amino acids was comparable among species
(Figure 1A 1C). We also confirmed that cowpea seeds
are a good source of amino acids (included the essential
ones) as well asof unsaturated fatty acids (more
abundant in comparison with the other twoahs),
confirming its nutritionally  desirable features
(Supplementaryrables 1, 2) [24].

To explore if these differences could have an impact on
the longevity of yeast cells, exponentially growing cells
were treated with 0.2% of the extracts from
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unguiculata C. cajan or P. wvulgaris beans and
chronological lifespan was monitored by measuring the
viability of the cultures throughout time. Although all the
extracts increased longevity of yeast cells, the highest
response was evident in the presenc¥.ofinguiculata
one, with a meanfispan increasing from 3 days to about
9.5 days (Figure 1DTable ). On the basis of the above
results, we decided to continue our analysis by using only
the cowpea extracthA strong doseesponse effect on
yeast longevity was observed by increasitige
concentration ofV. unguiculataextract in the culture
(from 0.2% to 0.5%), since it was able to extend the
mean lifespan up to 16 days at the higher concentration
(Figure 1E, Table )L Its antiaging properties were
evident also when the extractwasd ded t o
i.e. after they had already enterdéuk stationary phase
(Figure1F). Remarkably, cowpea extract not originating
from Arusha maintained the same effect, lettingtais
suppose that the origin of the beans has no relevant
impact on its antiaging features (data not shown).

Cell growth was then monitored in the presence of the
highest concentration of the extract. Although the
growth rate in the presence of 0.5% extract showed only
a minor increase in exponential phase, thalfbiomass

of the population was more thadoubledin comparison
with the control (FigurelG). On the other hand, the
consumption of glucose in the media during the
exponential phase of growth was strongly reduced
(more than 50%), suggesting that firesence of either
starch or proteins induced a decrease of glucose uptake
from the medium (FigurelH). However, the lower
glucose consumption in the presence of the extract have
no effect on the experimental determination of CLS,
which starts after cadm source exhaustion.

Importantly, the antaging effect of the extract was
synergistic with caloric restriction, one of the most
effective nongenetic interventions known to promote
lifespan extension in several model organisms [10]
(Supplementaryrigure 1). Overall, the data presented
indicate that cowpea aqueous extract extends
chronological aging in yeast cells.

To increase our knowledge on the compositionvof
unguiculataextract we performed a proteomic analysis.
Interestingly, we identified 174proteins with a
molecular weight ranging from 200 to less than 20 kDa,
of which 10% are oxidoreductase, 12% are stress
response proteins while 25% are still uncharacterized
(Figure 2A 2B).

The signaling pathways connected to longevity
regulation are wélknown in yeast Among them, the
Snfl/AMPK (sucrosaion fermenting/AMPactivated
protein kinase) and the autophagic pathways are anti

fagedo

aging pathways, while the Ras2/PKA(Rat
sarcoma/protein kinase Agnd the TORCI(target of
rapamycin complex 1pahways are pr@aging ones [8,

9, 29]. To identify through which of them the cowpea
extract extended yeast chronological lifespan, we tested
its effect on mutants bearing deletion in one of the
aforementioned pathways (0 f, 4 tpg 0 s 2 @ 1 g
(Figure2Ci 2F, Table 3. The antiaging effect of 0.2%
cowpea extract was still evident inordndmt g 1
strains (Figure €, 2E, Table 2, while it was strongly
reduced inr a s @ds n f rhutants (Figure R, 2F,
Table 2, indicating that the Ras/PKA and the
Snfl/AMPK pathways are involved in mediating the
antiaging effect of cowpea extract in yeast cells.

cell s,

Vigha unguiculata extract supplementation extends
lifespan in Drosophila melanogaster

To investigate the prtbngevity effect of the cowpea
extract also in a multicellular organism, female Canton
S flies were lifelong supplemented with 0.2% or 0.5%
V. unguiculataextract. A significant marked increase
in mean lifespan was observed in flisgpplemented
with 0.2% bean extract in respect to controls
(40.094£1.08 daysvs 31.82+0.86 days; 25.99%
increase), while mean lifespan of flies supplemented
with 0.5% bean extract was comparable to that of
control flies (Figure 3A). These data arely patially

in agreement with the results obtained in yeast cells
where the 0.5% cowpea supplementation was more
effective than the 0.2% one. Nevertheless, considering
only the survivorship data obtained af@r3 weeks
supplementation, a higher survivalof flies
supplemented with0.5% in respect to both 0.2%
supplement and control was observ&digplementary
Figure 2A 2B).

To verify whether the increase of the meansiifen in

the presence of 0.2% extract was due to bean extract
supplementation itéeand not to CR induced by bean
extract oftflavor, the body weights of flies were
recorded at30 and 45 days. No differences in fly body
weights were observed, suggesting an equal food uptake
in control and supplemented groups (Figure 3B).

To better clarify, at a molecular level, the positive effect
of 0.2% cowpea extract supplementation dn
melanogastefifespan, the expression of genes involved
in preserving cellular homeostasis and longevity was
investigated. Flies were supplemented hwitowpea
extract for 30 or 45 days and the expression of genes
involved in agingrelated signaling pathways (SIRTF1
sirtuin 1-, FOXO -Forkhead box ©and NOTCH) and
antioxidant defense systems (HOheme oxygenase
and TRXR - thioredoxin reducta3ewere masured
(Figure 3@ 3F). Oxidative stress has been recognized to
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play a key role in aging [30]. The oxidative stress theory
of aging speculates that the functional losses typical of
elderly are associatetith the accumulation of structural
impairments cased by the oxidative damage to
macromolecules [31]. HO expression was significantly
up-regulatedby cowpea extract supplementation after
both 30 and 45 days (Figure 3C), while TRXR was not
influenced at all (data not shown), suggesting Mat
unguiculaa extract partially modulates the endogenous
antioxidantdefensesystem.

SIRT1, a member of the class Ill NARlependent
histone deacetylases (HDACs) has been implicated in
the extension of longevity iD. melanogastef32].
SIRT1 expression was sidicantly up-regulatedn flies

supplemented with cowpea extract after both 30 and 45
days (Figure 3D). Remarkably, also NOTCH expression
increasedt both time points (Figure 3E), in accordance
with findings showing that SIRT1 is a positive
modulator of NOTCH [33]. FOXO is a fundamental
transcriptional regulator of the insulin pathway
modulating growth and proliferation and its increase has
been associatedith extension of fes lifespan [34].
Although FOXO expressionafter 30 days of
supplementdon with V. unguiculatawas the same as in
control flies, cowpea extract triggered a significant up
regulation of FOXO expression at 45 days (Figure 3F).
In agreement with the gene expression, the level of
FoxO and Sirtl proteins increased in flies @amented
with cowpea extract (Figure 3@l).
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Table 1Mean and maximal lifespan of wt cells grown in the presence of the indicated extracts.

lifespan (days)

wt strain mean maximal
cnt (no extract) 3.05+0.42 9.46 + 1.47
0.2%P. vulgaris 6.42 £0.12 11.72 £ 0.05
0.2%C. cajan 7.74 £0.30 13.53+£0.32
0.2%V. unguiculata 9.55+0.49 18.55+ 0.64
0.5%V. unguiculata 16.03 £ 3.01 >20
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Table 2Mean and maximal lifespan of mutant strains grown in the presence of O\2%nguiculataextract. Data of
wt cells were repeated for clarity.

lifespan (days)

mean maximal
strain cnt 0.2% E cnt 0.2% E
wit 3.05+0.42 9.55 +0.49 9.46 + 1.47 18.55 + 0.64
ras2ao 7.48 £ 0.40 10.48 + 4.98 18.95+ 1.34 >20
torlaom 5.87+0.23 >20 18.5+0.14 >20
atglaom 2.22+0.10 7.35+0.21 495 +0.21 11.45+0.78
snflam 2.0+0.42 3.35+0.21 4.8 +2.40 7.2 +1.56

Thus, the agingelated signaling pathways of SIRT1,
FOXO and NOTCH are involved in mediating the effect

part of a healthy diet [3536] and others found in
traditional medicine [3i740].

of cowpeaextract in fruit flies.

h-Synuclein is a presynaptic proteissociated with the
pathophysiology of synucleinopathies, including
Par ki ns on 6 $14],dand rudds@ yedstlhas
been extensively empyed in models of
synucleinopathies [16]. Thus, the effect of.
unguiculataextract onthe longevity of yeast cells over

Vigna unguiculata extract reduces bothh -synuclein
toxicity and aggregationin vitro

Extensive literature repartt h e y b-mhibitihga t i
effects of plant extracts, including those consumed as
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expr essi ng-synuclein [4llwas @luated.
Interestingly, the addition of cowpeaxtract to
exponentially growing cells strongly reduced the toxic
effects of h-synuclein with a significant marked
increase in mean lifespaf1(.19 + 2.18 dayss2.22 +
0.31 days; 404% increasgFigure 4A, Table 3).
Although h-synuclein protein was still present 3 days
after the treatmenSupplementaryigure 3), it was less
localized to the plasma membrane, as shown by
immunofluorescence analysis (Figure 4&;) and cell
fractionation (Figure 4D). Thesdata suggest that a
different localization 2 ¥ -syhuclein, rather than its
protein clearance, could be responsible for the mdiuc
toxicity in the presence of the bean extract.

The process of Usynuclein fibrillation was then
investigatedin vitro at two different concentrations of
cowpea extract. The increase of ThT and ANS
fluorescence emission intensity was used to quantify
fibrils formation and conformational change of the
protein with or without cowpea extract (Figure, ).

The presence ofV. unguiculata extract led to a
significant concentratiemdependent decrease of ThT
fluorescence in thé -synuclein aggregation solution,
with an increase of the lag time and a decrease of both
I -sheet growth rate and final equilibrium levels (Figure
4E). In agreement with a nucleatiaependent
pol ymer i zat i -synucleimoedhibited a U
sigmoidal binding without cowpea extract (Figure 4E).

These evidences suggest that unguiculataextract
significantly altered the amyloid aggregation pattern of
Usynuclein. Moreover, the ANS binding fluorescence
data indicate that the cowpea extragght increasehe

f or mat i-gymuclein Bpeclds with minor solvent
exposure of hydrophobic clusters, ibmight decrease

t he bi ndi n-gynuoléin siddes (Figwe 48).
The mor ph esynactein aggrégatesl was also
studied by TEM analysis. After 24 h of aggregation, the
protein, either alone or in the presence of cowpea
extract, existed as globular micellke and prefibrillar
assemblies (Figure 4GAfter 72 h of aggregation in the
absence of-synuclein samples were mostly U
mature fibrils. Remarkably, the presence of cowpea
extract enriched the samples with short fibrils covered
by densely packed globular clusters (Figure 4G).
Overall, these findings are consistent with an inhibitory
effect of V. unguiculataextract onthe formation of
amyloid fibrils.

It has been reported that cytotoxicity of amyloidogenic
species largely depends on their biophysical surface
properties, which inflances their reactivity with the
cellular plasma membrane [@24]. To assessh-
synuclein toxicity, we performed MTT assays on the
human neuroblastoma SBIY5Y cell line exposed for

48 h toextracellularh -synuclein aggregatgse-formed

in vitro in the absence or in the presence of cowpea
extract. Coherently, h-synuclein obtained without
extract supplementation exhibited the highest
cytotoxicity: oligomers (Ol) and fibrils (Fib) showed
about 70%and 50% viability, respectivelfFigure 5A).

In cells incubated with -synuclein aggregates formed
in the presence of the extract, toxicity was reduced and
cell viability was abouB3% with oligomers(OI/EQ.5)
and86% with fibrils (Fib/EOQ.5)increasing up td00%

and 95% at tle highest concentration of the extract
(Figure 5A). Accordingly, ROS level significantly
decreased in cells exposed to oligomers and fibrils
formed in the presence of cowpea extract (Figure 5B).

These data suggest thah the presence ofV.
unguiculata extract, h-synuclein aggregation is
redirected into notioxic aggregate species.

To further explore the potential mechanism for the
protective effect of the cowpea extract, the interaction
of h-synuclein aggregates with the plasma membrane of
neuroblastoma cells was monitored by confocal
microscopy. As previously reported [484], a large
number ofh-synuclein oligomers or fibrils (stained in
red) were bound to the cell membrane (stained in green)
(Figure 5C). When cells were exposedhtsyniclein
aggregates formed in the presence of cowpea extracts,
the binding of both oligomers and fibrils to the cellular
membranes was drastically reduced (Figure 5C).

In conclusion, these data show that the presence of
cowpea extract during-synuclein aggrgation decreases
the ability of the resulting aggregates to bind the plasma
membrane and to raise ROS production and cytotoxicity.

Vigna unguiculata extract
induced neurodegeneration
elegans

reduces N-synuclein
in Caenorhabditis

In order to evaluate the neuroprotective effects of
cowpea extract on a multicellular organism, we turned
to the nematod€. elegansThe expression of human
Usynuclein inC. eleganscauses the aggependent
degeneration and death of the four cephalic
dopaminergic neurons (CEP), a phenotype which can
be easily scored using a red fluorescent marker
expressed only in those neurons [45]. Consistent with
previous reports, we observed an-agkated decline in
the number of fluorescent dopaminergic neurons
expr essing Bynuwlaim Supplementary
Figure 4). Thus, we investigated the effects ¢f
unguiculataextract both at 0.2% and 0.5%, irdéy
adult animals (Figure 6A6B). While in mock treated
animals a mean of 3 out of 4 CEP neurons died, in
animals exposed to V. unguiculata extracts
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Figure 4. Cowpea extract reducds$synuclein toxicity and aggregationd) CLS of yeast cells bearing pYX242 empty vector or
pYX242SNCA plasmid grown in SD medium containing 2% glucose in the absence or presenceVofubgdtculataextract. *p<0.05
relative to untreated cells bearing the empty vectép<0.05 relative to umeated U-synuclein expressing cel®, Q Immunofluorescence
showing localization dffsynuclein in cells untreated or treated for 1 day with 0¥%unguiculataextract. The percentage of cells with
synuclein localized in the cellular membraneati®wn in (). *p<0.05.(D) Western analysis using asfisynuclein antibodyon cytolpasmic

and membrane fractions isolated from wt [pYXZRCA] cells after-day treatment with 0.5%/. unguiculataextract. Pgkl was used as
cytoplasmic marker, Pmal as merane marker(E, F) Usynuclein aggregation process followed by ThT fluorescé@n@ ANS bindind)
assays.® TEM piatres taken fromJsynuclein aggregation mixture after 24 h and 72 h of incubation in the absence or in the presence of
cowpea extact at molar ratio protein:extract 1:0.5 (E0.5) and 1:1 (E1); scale bars are shown.
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Table 3.Mean and maximal lifespan ofeast cells bearing pYX242 empty vector or pYX3MCA plasmidrown in

the absence or presence of 0.5% unguiculataextract.

lifespan (days)

mean maximal
strain cnt 0.5% E cnt 0.5% E
pYX242] 9.96 £ 0.49 13.3+1.13 >15 >15
pYX242SNCA] 2.22+0.31 11.19+2.18 14.21+ 1.06 >15

there was a partial rescue of neurodegeneration, with 2 DISCUSSION

neurons dying in 0.2% extract and only 1 in 0.5%. A
similar effect was observed in animals treated with 3
mM valproic acid (positive control) [46].

Our results indicate that. unguiculataextract protects
CEP dopaminergic neurons from degeneration . a
elegansmo d e | -symuclein Otoxicity, in a dose
dependent manner.

Cowpea is considered assaurce of healtpromoting
compounds, with a low fat drhigh protein content, as
well as dietary fibers phenolic compounds and
minerals. Consumption of cowpea is associateith
reduced risk of gastrointestinal disorders, cardiovascular
diseases, hypercholesterolemia, obesity, diabetes and
several typesof cancer [47]. We now add new
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Figure 5.V. unguiculataextract reducesU-synuclein toxicity in neuroblastoma cellgA, B) SHSY5Y cells were grown for 48 h in
the absence (cnt) or presence oE B Usynuclein solution obtained after 24 h (oligome®) and 72 h (fibrills, Fib) of aggregation, without
or with extract at molar ratio protein:extract 1:0.5 (E0.5) and 1:1 (B))Cé€ll viability assessed by MTT assay BhRQS level evaluated by
DCFDA fluorescence intensity assays. *p<0.05; **p<@*{0.001 vs untreated cells °p<0.05;°°p<0.01vstreated cells withUsynuclein
aggregates oligomeric (Ol) and fibrillar (Fib) grown without extr&tZprojection of SHBY5Y cell images bisynuclein immunostaining
(red) and CTB plasma membrandaning (green). Scale bars are shown.
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important health benefits of cowpdseans,i.e. their
antitaging and neuroprotective effects. Indeed, we show
that V. unguiculataextract extends lifespan, in two
different eukaryotic modelsuch as budding yeast and
fruit flies (Figures 1, 3). The extension of longevity
requires Snfl/AMPK pathway in yeast (Figure 2F) and
induces the upregulation of two downstream proteins of
the AMPK pathway, such as FOXO and SIRT1 in
Drosophila (Figure 3)[48i50]. Strikingly, it has been
reported that AMPK and SIRT1 are downregulated with
aging and their pharmacological activation is necessary
to increase longevityg].

The antisenescence properties of cowpea extract are
strongly additive with caloricestriction Supplementary
Figure 1), the most effective ngenetic intervention
delayng senescence [} suggesting tha¥. unguiculata
beans could display their best effect in terms of aging
delay in a proper dietary regimen.

The strong neuroprotective features of cowpea extract
in evolutionary distant

are corserved eukaryotic

A

Mock young adult

ok ok K
* ok ok

ok %k %k k

* ok K K

n.s.

Neurons lost

HH

0.2% E 0.5% E 3mM

Valproic acid

Mock 6 days post adult stage

systems. Indeedy. unguiculatae x t r ac t
synuclein toxicity in both yeast and neuroblastoma
cells, as well as in &. elegan®D model by prtially
rescuing the degeneration of cephalic dopaminergic
neurons (Figure 6).

The antiaggregation properties of cowpea on
synuclein is clearly evident (Figure %4s). Along
similar lines,the extract decreasé®e localizaibn of h -
synuclein to cell membrane both in the yeast model, in
which h-synuclein is intracellularly expressed (Figure
4Ai 4D), and in neuroblastoma cells, whérsynuclein

is addedo the medium (Figure 5glsoin keeping with

the minor slvent exposure of hydrophobic clusters
detected by ANS on amyloid assemblies (Figure 4F).
These results suggest that. unguiculata extract
decreases the neurotoxicity caused by the intracellular
accumul asyrudem agyregatendthe cellular
damage induced by oligomeric aggregates interacting
with the cell membrane by displacing ttaxic protein
from thelipidic bilayer. Our data are in accordance with
recent results showing that inhibition bfsynuclein

Extract 6 days post adult stage

Figure 6V. unguiculataextract is neuroprotective in a dosdependent manner in &. elegansnodel of U-synuclein toxicity.
(A) The four CEP neurons (indicated by arrowheads), expressing DsRed andksymaclein, are viable and with a wild type morphology in
young adult aimals cultivated in mock conditions (left panel); only one neuron is visible and viable after 6 days from adult stagedaultiva
mock conditions (central panel); 0.5% unguiculataextract partially rescued the neurodegeneration after 6 days from agtalje (right
panel). Anterior is to the leftB) Quantification of dopaminergic neurdossin humanUsynuclein expressing animajsownwith 0.2% and
0.5%o0f V. unguiculateextract. ***p<0.001, ****p<0.0001. The number of animals scoredhamock is 95, with 0.2% extract is 103, with

0.5% extract is 94 and with 3 mM valproic acid 92.
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binding to membranesreduce the toxicity of the senescence, neuroinflammatioand the extent of

protein both in worms and in miceZ3%3]. neurodegeneration.

The aqueous extract of cowpea beaonatains starch, MATERIALS AND METHOD S
amino acids, as well as several different proteins and

peptides (Figure1Ai 1C, 2A, 2B), while it is probably Extract preparation

very poor in phenolic compounds. Although abundance
of starch and proteins is generally considered negative V. unguiculata C. cajan and P. vulgaris seeds were
from an aging pointfoview [10], the protection against purchased from two markets (Kilombesmd Arusha
senescence and neurodegeneration might be the result Central Market) in Arusha, Tanzania (3°22'0.01"S,
of a synergistic effect of different elements. Indeed, the  36°40'59.99"E). Seeds of each species were boiled for 1
nutrient combination of the extract rather than a single h and left cool down for the subsequent hour. The
component might be responsible for the metabolic treatment was performed to mimic the condition of
reprogramming, which leads to the longevity  consumption, as described in6[5 Then, seeds were
phenotype. incubated at 50°C overnight till dryness and grinded to
obtain a fine powder. 2 g of seed dry powder were
Although the identity of the active components in the  suspended in 50 ml of ultrapure MilliQ water. Then,
extract remains to be investigated, the extraction pulses were extracted through a magnetic stirrer at 500
process strongly mimics the way in which these beans rpm for 5 minutes and cerfiged at 5000 g for 30 min.
are consumed. Therefore, the aaming andneure Supernatant was recovered and fredued.
protecting compounds are likely to be conserved during
the cooking process. Remarkably, it has been reported Chemical and proteomic characterization of the
that cooking legumes in water increases the insoluble extracts
yber content, protein quality and digestibility, al th
with a reduction of the coant of vitamins and minerals Starch content
[47]. Therefore, the use of cowpea beans should be Starch content was evaluated by the enzymatic assay
encouraged and eventually the identification of the Total Starch AOAC Method 996.1 1 and AACC
bioactive compounds could lead to the development of Method 76.13 (Megzyme ®, Ireland). Briefly, 50 mg
specific dietary supplements to support healthy aging of extract were suspended in 200 pl of ethanol 80% v/v
and to delay neodegeneration. and 1 ml of 2 M KOH. Samples were magnetically
stirred for 20 min at 4°C. Then, 4 ml of sodium acetate
Any dietary intervention that has the potential of pH=3.8 were added, followed by the addition of 50 pl
delaying the progression of agelated diseases could of -amyla® (8300 U/mL) and 50 pl of

improve the quality of life of the aging population, amyloglucosidase (AMG, 3300 U/ml). Samples were
inducing also an important impact on the economic incubated for 30 min with intermittent mixing on a
implications of elderly on thesociety. Thus, V. vortex mixer, then centrifuged for 10 min at 3000 rpm

unguiculata consumption in the global food chain is to recover the supernatant. In order to evaluate total
encouraging since our study suggests that cowpea beans starch content, a reion mixture was prepared as
supplementation can prevent agéated disorders. follows in a quartz cell: 1 ml $#D, 25 pl of sample, 50
pl of a buffer solution pH = 7.6, 50 pl NADP+/ATP.
Although data on bioactive compounds from cowpea The solution was incubated for 3 min at room
are still poor, some reportisdicate components like temperature and then the absorbance was read at 340
peptides may contribute to health benefits derived from nm against the blankThen, 10 pl of a solution
cowpea 28]. Remarkably, several proteins identified by containing hexokinase (HK) and gluce&@hosphate
proteomic analysis are still uncharacterized (Figure 2A  dehydrogenase (G6PDH) was added. After an
2B). We believe that additional work is necessary to  incubation of 5 min at room temperature, the
discoverthe bioactive compounds in cowpea and their  absorbance was read against the blank again at 340 nm.
interactions to efficiently exploit them in foods, such as  Data are expressed as g of starchl@€rg of extract.
snacks and breakfast cereals by targeting benefits to
immune function and health gut. Indeed, interesting Amino acids content
data show that progression of PD has beequiatly Amino acids were quantified through a HRIDZD
associated with dysbiosis of gut microbiotd,[55]. method. A 1260 Infinity Il LC System (Agilent, USA,
2018) was set up for the analysis. The calibration curve
In conclusion, considering the role of functional food in  was made up using an amino acid mixed solution
the management of agelated diseases, we strongly (Merck, Germany) in a concentration range between
support the intake oY¥/. unguiculatabeans to reduce 0.078 mM and 1.25 mM. The column was an Agilent
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Poroshell HPH C18 (100 x 4.6 mm, 2.rm) coupled
with a guard column (AdvanceBio Oligo 4.6 x 5 mm,
2.7pum) and it was kept at 40°C. Mobile phases were: A
- 10 mM NaHPOs pH=8.2 and B -
Acetonitrile:Methanol:Water 45:45:10. The elution
program was the following (%B):-0.35 min 2%, 13.4
min 57%, 13.5 min 100%, 15.7 min 100%, 15.8 min
2%, 18 min end. Flow rate was constant at 1.5 ml/min.
All solvents were HPLC grade, whereétse buffer,
solutions and samples were fileered with a 0.22um
filter. OPA (oPhthaldialdehyde reagent, Merck,
Germany) was chosen as derivatizing agent acting as a
fluorophore. Injection volume was 10l. The signal
used to visualize the fluorescenamas set at 338 nm
bandwidth 10 nm with a reference wavelength of 390
nm bandwidth 20 nm. All data were displayed and
analyzedon Agilent ChemsStation software. Data are
expressed as g of amino acids per 100 g of extract.

Proteins content

Total protein coment was evaluated by using the
Bradford assay as follows: 1 ml of 50% Coomassie
Brilliant Blue Bradford reagent (ThermoFisher, USA)
was incubated at room temperature with 2 pl of extract
of known concentration for a minute. Absorbance was
read against btk at 595 nm and fitted on a calibration
curve made up with BSA (Bovine Serum Albumin) in a
range between 0 and 6 mg/ml. Data are expressed as g
of protein per 100 g of extract.

GC/MS analysis

Before the GC/MS analyses all samples were subjected
to a derivatization process, as described below. About 5
mg of each sample were accurately weighed, suspended
in 50 ul of 2wt% methoxylamine hydrochloride in
pyridine and incubated for 90 min at 37°C.enh 80 pl

of MBDSTFA (N-methytN-ter-butyldimethylsilyt
trifluoroacetamide)+1% TBDMCS (tert
butyldimethylchlorosilane) were added and the samples
were incubated at 60° C for 30 min. After incubation at
room temperature overnight, the samples veerayzel

by wusing a | SQE QD ®Bngl
(Thermo Fisher) equipped with a \&ms (30 m x 0.25
mm i.d. x 0.25 um; Agilent Technology). Injection
volume: 1 ul. Oven program: 100° C for 2 min; then 6°
C/min to 280° C for 15 min; Run Time 42 min. Helium
was used as the gas carrier. SS Inlet: Mode Splitless.
Inlet temperature: 280° C. Flow 1.0 ml/min. MS
transfer line: 270° C. lon source: 250° C. lonization
mode: electron impact: 70 eV. Acquisition mode: full
scan. In order to compare the composition of the
extracts, for each analyte identified by GC/MS a target
ion (m/z) was extracted by the TIC and the
corresponding area was calculate8upplementary
Table 2 reports for each analyte the corresponding
target ion used.

Proteomic analysis

The extract was reded, derivatized and digested with
trypsin (protein: protease ratio 20:1) as describeddh [5
before MEMS analysis.

Peptides separation was achieved on a Thermo-Easy
nLC 1000, with a linear gradient from 95% solvent A (2
% ACN, 0.1% formic acid) to 30%olvent B (80%
acetonitrile, 0.1% formic acid) over 60 min, from 30 to
60% solvent B in 5 min and from 60 to 100% solvent B
in 2 min at a constant f|
single run time of 75 min. MS data were acquired on a
Thermo QExactiveHF, with a datadependent top 15
method, the survey full scan MS spectra (3830 m/z)
were acquired in the Orbitrap with 60000 resolution,
AGC target 3e6, IT 20 ms. For HCD spectra resolution
was set to 15000, AGC target 1e5, IT 80 ms;
normalized collision eergy 28 and isolation width of
1.2 m/z.

Raw labelfree MS/MS files from Thermo Xcalibur
software (version 4.1) [B were analyzed using
Proteome Discoverer software (version 2.2, Thermo
Fisher Scientific) and searched with Seqagbrithm
against he proteome of NCBI Phaseoleae (release
05/08/2019). The minimum required peptide length was
set to 6 amino acids with carbamidomethylation as fixed
modification, Met oxidation and Arg/Gln deamidation
as variable modifications.

The mass spectrometry peomic data have been
deposited to the ProteomeXchange Consortium via the
PRIDE [8] partner repository with the dataset
identifier PXD017716.

Yeast methods

Yeast strains and media

The yeast strains used in this paper are listed in
Supplementaryrable 3. Cells were grown at 30°C in
minimal medium containing 2% glucose as a carbon
sourc® aral .67 pyedstenitroGe@ base without amino
acids, supplemented with 50 mg/l of required amino
acids and bases for which the strains were auxotrophic.
The naturakextracts were dissolved in the medium at a
concentration of 0.2% or 0.5% and filtered through 0.22
pm filters.

Chronological lifespan experiments (CLS)

Cell cultures were grown in liquid medium until mid
late exponential phase and then inoculated irdek#
containing medium in the presence or absence of the
natural extracts (0.2% or 0.5% as indicated in each
experiment). Survival was assessed by propidium iodide
staining (PI) at the indicated time points with the
Cytoflex cytofluorimeter (Beckman Coufje and
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analyzed with the Cytoflex software. For some
experiments, survival was also confirmed by colony
forming units (CFUs) after 2 days of incubation at 30°C
on YEPDA agar plates.

Protein extraction, cell fractionation and
immunoblotting

Equal amounts focells were collected and quenched
using TCA 6% and lysed in lysis buffer (6M UREA,
1% SDS, 50 mM Tri¢dCl pH7.5, 5 mM EDTA). The
cytoplasmiemembrane fractionation experiment was
conducted using the MENRER kit (Thermo), following

t he manuf auwuctionsros yedst sphempatsts.
Western blot analysis was performed using -anti
Synuclein antibody (1:1000, Sigma Aldrich), aRtik1
antibody (1:1000, Molecular Probes, used as loading
control and cytoplasmic marker) and aRthal
antibody (1:1500, Abcanused as membrane marker).

Glucose consumption assay

Extracellular levels of glucose were evaluated on
growth media of wt cells exponentially growing in the
absence or presence of 0.5% cowpea extract, using the
Megazyme DBglucoseHK assay kit, following he
manufacturer's instructions, using an EnSight Plate
Reader (Perkin Elmer).

Fluorescence microscopy on yeast

In situ immunofluorescence was performed on
formaldehydef i x ed cel | s asymclemar r
immunostaining (1:2000, Sigma Aldrich) folled by
indirect immunofluorescence using rhodarmine
conjugated antiabbit antibody (1:1000, Pierce
Chemical Co). Digital images were taken with a Nikon
DS-Qi MC camera mounted on a Nikon Eclipse 600
and controlled by the NIS elements imaging software
(Nikon) with an oil 100X 0.51.3 PlanFluor oil
objective (Nikon).

In vitro aggregation oft -synuclein

h-synuclein was expressed irEscherichia coli
BL21(DE3) cells transformed with the pET28b/
synuclein plasmid. The recombinant protein was
expressed andpurified according to a previously
described proceduid3] and further purified by RP
HPLC. The identity and purity of the eluted material
were assessed by mass spectromérgtein samples
(250 ¢eM),
(Millipore, Bedford, MA, USA) were incubated at 37°C
in 20 mM sodium phosphate buffer, pH 7.4 up to 3 days
under shaking at 900 rpm with a thermixer in the
absence or in the presence of extract by using molar
protein/substance ratios of 1:0.5 (E0.5) and 1:1 (E1).
Oligomerenriched or fibrilenriched sample were
prepared by incubating-synuclein for 24 h or 72 h,
respectively.

ThT asay

The ThT binding assay was performed according to
LeVine [59], using a 25 pM ThT solution in 20 mM
sodium phosphate buffer, pH 7. Bach sample, diluted
at a final concentration of 6.29M, was transferred into

a 96well halfarea, lowbinding, clear bottom (200
el / well) and ThT fl
maximum intensity of fluorescence of 485 nm using a
Biotek Synergy 1H plateeader; buffer fluorescence
was subtracted from the fluorescence values of all
samples. In controls experiments, a significant
interference of the highest concentrations of cowpea
extract on ThT fluorescence was observed, so the two
molar ratio protein:exéct with lowest fluorescence
interference were selecte8Sypplementarfigure 5).

ANS assay

Samples containing aggregatingsynuclein with and
without cowpea extract at
their ability to bind 8anilinonaphthalend-sulfonic
add (ANS; Sigma Aldrich, Saint Louis, MO, US). 5 pl

of each samples at different times of aggregation was
transferred into a 9@ell half-area, lowbinding, clear
bottom (200 ¢ / oM Ifllorescenca n d
intensity was read at the binding intensitgf
fluorescence of 480 nm in a Biotek Synergy 1H plate
reader; buffer fluorescence was subtracted from the
fluorescence values of all samples. In control
experiments, a significant interference of the highest
Gomcentrations mfg thd) extract on ANS binding
fluorescence was observed, so we selected the two
molar ratios protein:extract with the lowest fluorescence
interference $upplementaryigure 5).

Transmission eletron microscopy (TEM) imaging

5 ¢l a |Usygueleirt aggregated in the presence or
in the absence of cowpea extract were withdrawn at
different  aggregation times, loaded onto a
formvar/carborcoated 400 mesh nickel grids (Agar
Scientific, Stansted, UK) and negatively stained with
2.0% (w/v) uranyl acetate (Sigadddrich). The grid was
air-dried and examined using a JEM 1010 transmission
electron microscope at 80 kV excitation voltage.

Cell culture methods

Cell culture

filter ed-sizeliltero u g SHQYS5Yphuman neyrahlasierpay cells were cultured at

37 °C in complete medium (50% HAM, 50% DMEM,
10% fetal bovine serum, 3Nhglutamine, 100 units/ml
penicillin and 100 ¢g/ ml
5% CQ incubator.

MTT assay
Cell viability was assessed by the MTT assay optimized
for the SHSY5Y cell line. Briefly, SHSY5Y cells
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were seeded into 9&ell plates at a ehsity of 10000
cells/well in fresh complete medium and grown for 24
h . Then, cell s wer e
synuclein obtained at different times of aggregation in
the presence or in the absence of\figna unguiculata
extract. Cells were also a&ited with the corresponding
concentrations of extract
synuclein and the viability resulted similar to that of
untreated control cells. After 48 h of incubation, the
culture medium was removed and cells were incubated
forlhat37AC i n 140r€ DMEM wstheout u m
phenol red, containing O.
cell lysis solution (20% SDS, 50% NN
dimethylformamide) was added to each well and
samples were incubated at 37°C for 2 h to allow
complete cell lysis. Absorbaacvalues were measured
using iIMARK microplate reader (BiRad) at 595 nm.
Final absorption values were calculated by averaging
each sample in triplicate after blank subtraction.
Statistical analysis of the data was performed by using
oneway analysis of vdance (ANOVA).

ROS determination

Intracellular reactive oxygen species (ROS) were
determined usi ng the 1
dichlorofluorescein diacetate, acetyl ester (€I
DCFDA; Molecular Probes), a cglermeant indicator
for ROS that becomes flwescent upon removal of the
acetate groups by cellular esterases and oxidation. SH
SY5Y cells were plated on 98ell plates at a density of
10000 cell s/ well and
synucl ein sampl es. Then,
without phenol red wasadded to each well. The
fluorescence values at 538 nm were detected after 30
min by Fluoroscan Ascent FL (Thernkasher). Cells
were also treated with the corresponding concentrations
of extract used
ROS levels resultesimilar to that of untreated control
cells. Statistical analysis of the data was performed by
using oneway analysis of variance (ANOVA).

Confocal imaging

Subconfluent SEBY5Y cells grown on glass coverslips
wer e exposed for 48 h
concem r at ispnocjein &bgregates grown in the
presence or in the absence of cowpea extract at different
molar ratios (1:0.5, EO.5; 1:1, E1). Cell membrane
labelling was performed by incubating the cells with 10
ng/ml Alexa Fluor 488&onjugated CTXB (Cholera
toxin B-subunit) in cold complete medium for 30 min at
room temperature. Then, cells were fixed in 2.0%
buffered paraformaldehyde for 6 min and permeabilized
by treatment with a 1.1 acetone/ethanol solution for 4
min at room temperature, washed with P8 blocked
with PBS containing 0.5% BSA and 0.2% gelatin. After
incubation for 1 h at room temperature with rabbit-anti

5 a lmiga/ HA IPL A¥a@ aS2 X63 dil @ammersiah 6bfectieel

synuclein polyclonal antibody (1:600 in blocking
solution), the cells were washed with PBS for 30 min

e X p 0 sunder stirring and 4h8n intubat@dh Aléxa Fladv5680

conjugated antiabbit secondary antibody (Molecular
Probes) diluted 1:100 in PBS. Finally, cells were
washed twice in PBS and once in distilled water to
rensoee d noiispecifitally e bound cantibodiest Digital
images were taken with a coofd Leica TCS SP8
scanning microscope (Leica, Mannheim, Ge) equipped
with a HeNe/Ar laser source for fluorescence
measurements. The observations were performed using

of

of
Drosophilamelanogastemethods

Fly husbandry and supgmentation and longevity

assay

Wild type Drosophila melanogaste(Canton S) was
kindly provided by Dr Daniela Grifoni (University of
Bologna, ltaly). Flies were maintained at constant
temperature (25°C) and humidity (60%) with a 12/12 h
lighti dark cycle. Flies were reared on Formul24®
media (Carolina Biological, Burlington, NC, USA). The
composition of this diet, as indicated by the

f I umamuacducer is s follpws: oét dour, oy flodt,Gwheat

flour, other starches, dibasic calcium phaseh

calcium carbonate, citric acid, niocinamide, riboflavin,
sodium chloride, sodium iron pyrophosphate, sucrose,
thiamine, mononitrate, brewer's yeast, emulsifier
preservatives, mold inhibitor, food coloring. The

e x p oFoendla 424aliet reciiBes separate appliontofeyeast)
Ip@letse @dccharGniy@es cerevis)aeddv §atdration of

this dry media mixture with water. After eclosion, males
and females emerged within2lday were allowed to
mate freely for two days before female separation into
vials containing 1 g Fonula 424 Instant Drosophila

isynucleimhand a g Yedirg éCarolinah soaefd witd 4 ml water containing

0.5% or 0.2% bean extract. A total of 20 flies were
placed in each vial.

Female flies emerging within a-day period were
collected under FlyNap (Carolina) anaesthesia. tAlto
of 600 fruit flies were divided into 3 groups: control

tgioup, fiies sappeme (ten onvithoOr2% hean extract and

flies supplemented with 0.5% bean extract. Flies were
transferred into vials containing fresh food ever@ 2
days and the number of living fliewas counted.
This was repeated until all flies had died. Kaplan
Meier survival curves were generated for lifespan
assessment.

Measurement of Drosophilédody weights

Changes in body weights were used as an indicator of
the food intake. Flies were fed etandard diet with and
without bean extract for 30 or 45 days. For each
condition (0.2% bean extract supplementation and

6ooOH-EAFA2Y

MPT dy !

DLbD



control),
counted.

five vials containing 20 flies/vial were

Flies in each group were anesthetized by FlyNap
(Carolina) and themwveighed on a balance. The mean
body weights of the flies in each group were calculated.

Gene expression analysis

Total RNA was extracted from the whole bodies of either
30 days or 45 days old flies belonging to the 0.2% group
by using RNeasy Mini Kit (QIGEN GmbH, Hilden,
Germany). The 0.2% supplementation has been chosen
because it was the one able to significantly increase
lifespan in Drosophila All the experiments were
performed in triplicate. The yield and purity of the RNA
were measured using NanoV&pectrophotometer (GE
Healthcare, Milano, Italy). Only samples with density
ratios A260/A280>1.8 were used. cDNA was obtained by
reverse transcribing mRNA
RNA using iScript cDNA Synthesis Kit (BKRAD,
Hercules, CA, USA), follwing the manufacturer's
protocol. The subsequent polymerase chain reaction

(PCR) wa s perfor med in a
containing2 I( 12. 5 ng) of <c¢cDNA,
Universal SYBR Green Supermix (BIRAD) , 2
dH20 RNA f r e nh\) ofeactprirber. The

primers used are reported Supplementaryfable4 and
RPL32 was used as reference gene.

Protein extraction and immunoblotting

Proteins were isolated from the whole bodies of either 30
or 45day old flies. Proteins were homogesd using
lysis buffer (7 M urea, 2 M thiourea, 4% CHAPS, 60 mM
dithiothreitol (DTT), 0.002% bromophenol blue) and
centrifuged at 12000 g at 4 °C for 5 min. The supernatant
was collected and mixed with Sample Buffer, Laemmli
2x Concentrate Sjgma Aldrich. Proteins were then
loaded onto €0% SDSPAGE gels followed by transfer
onto nitrocellulose membranes and immunoblotted with
appropriate antibodies. ArBirtl (1:1000; Cell Signaling
Technology, Beverly, MA), antiFoxO (1:1000,
Covalab, Villeurbanne, reince) and ant-actin (1:2000,
Invitrogen Carlsbad, CA, USA) antibodies were used as
primary antibodies. The HREbnjugated antmouse 1gG
and antirabbit IgG antibodies were employed as the
secondary antibodies (1:10000; Cell Signaling
Technology). Targeted proteins wewisualized using
Clarity™™ Western ECL Substrate (BIRAD).
Densitometric analysis of specific immunolabeled bands
was performed using ImageJ software.

Statistical analysis
Each experiment was performed at least three times,
and all values are represedtas means = SD. Omeay

ANOVA was used to compare differences among
groups foll owed by

el
( and allowed to become adults army leggs. After 14

Software, San Diego, CA). Values of p<0.05 were
considered statistically significant. Survival curves were
prepared by KaplaMeier survival analysis and
analyzed using the OASIS2 softwar@][6

Caenorhabditis elegansethods

C. elegans strains and treatment with V. unguiculata
extract

Standard procedures f@. elegansstrain maintenance
were followed [@]. The strain used in this study,
JZF142 pdatl : : h US yh:DsRe@, dvast kindly
provided by Prof. J. Feng (Case Western Reserve
University, US) [45]. TheC. elegansstrain was grown
on Nematode Growth Medium (NGM) containing agar,
seeded withE.coli OP50 at 20°C. Lyophilized extract
from V. unguiculatawas solubilized in sterile distilled
water at two dilutions, 2% or 5% w/V, and sterilized

wit tal t 0 .n 3 29Pmickeimexptessingdanirafs wekeo t a |

exposed to the following treatments: 0.2% or 0.5%.of
unguiculataextract, water as nege#i control (mock)
and 3 mM valproic acid (VA) as positive control [46].
C.t edefamdanimild at Wangevel®pmentd Gtagee Were
tansterred Sro0 Ael aplatese diith NGM  agar
cont&@irfing the different conditions as quadruplicates

hours the adults were discarded and the synchronized
F1 progeny was allowed to grow in the presence of
chronic treatments. F1 animals have been transferred
every 3 days on new plates with treatment, until the day
of analysis, to maintaithem well fed and separaite
from the next generation.

The morphology of the four cephalic dopaminergic
neurons (CEP neurons) in the F1 treated animals was
scored at 6 days post adult stage. The
neurodegeneration analysis was performed also on
untreatedanimals at young adult and at 6 days post
adult stage. Animals were mounted and anesthetized
with 0.01% tetramisole hydrochloride on 4% agar pads.
The neurodegeneration analysis was performed using
Zeiss Axioskop microscope (Carl Zeiss). All images
were ollained using a Leica SP2 confocal laser
scanning microscope (Leica). The spectra used for
i maging Ds Red wer e: o
emission=58630 nm. GraphPad Prism software was
used for statistical analysis. The statistical significance
was determiied using Mann Whitney test or Onay
ANOVA with Kruskali Wallis posttest. Data are
reported as averages of multiple observations + SEM.
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