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In the adult brain, the neural stem cell (NSC) pool comprises quiescent and activated populations 

with distinct roles. Transcriptomic analysis revealed that quiescent and activated NSCs exhibited 

differences in their protein homeostasis network. Whereas activated NSCs had active proteasomes, 

quiescent NSCs contained large lysosomes. Quiescent NSCs from young mice accumulated 

protein aggregates, and many of these aggregates were stored in large lysosomes. Perturbation of 

lysosomal activity in quiescent NSCs affected protein-aggregate accumulation and the ability of 

quiescent NSCs to activate. During aging, quiescent NSCs displayed defects in their lysosomes, 

increased accumulation of protein aggregates, and reduced ability to activate. Enhancement of the 

lysosome pathway in old quiescent NSCs cleared protein aggregates and ameliorated the ability of 

quiescent NSCs to activate, allowing them to regain a more youthful state.

Preservation of a pristine proteome is critical for maintaining cell function over long periods 

of time, and decline in proteome health is associated with aging and neurodegenerative 

disease (1, 2). Three primary mechanisms are used to maintain protein homeostasis 

(proteostasis): molecular chaperones, the proteasome proteolytic system, and the lysosome-

autophagy proteolytic system (2, 3). Proteostasis is particularly important for stem cell 

proliferation and differentiation (4). However, somatic stem cell pools contain not only 

proliferating (activated) stem cells but also quiescent stem cells. How these different types of 

adult stem cells maintain protein homeostasis and deal with protein aggregation is largely 

unknown.

Protein aggregates are particularly relevant in the brain, where their accumulation is 

associated with neurodegenerative disease (1). The adult brain contains pools of regenerative 

neural stem cells (NSCs) that can generate new neurons (neurogenesis) (5, 6). In one of the 

neurogenic niches—the subventricular zone (SVZ)—a subset of quiescent astrocytes are the 

source of quiescent NSCs (qNSCs), which in turn give rise to activated NSCs (aNSCs) and 

neural progenitor cells (NPCs) (5, 7). These NPCs generate new neurons, oligodendrocytes, 

and astrocytes, contributing to the maintenance of olfactory function, as well as repair after 

brain injury (5, 8). The ability of qNSCs to activate declines with age (9–11). Consistently, 

aging is associated with a decline in neurogenesis and a reduction in olfactory discrimination 

and memory (6, 9). Understanding the age-dependent changes in proteostasis in the NSC 

pool could help identify ways to enhance the function of old NSCs and maintain brain 

health.

To gain an unbiased overview of the proteostasis network in different cell types in a 

regenerative brain region during aging, we used transcriptomic profiling. We aged cohorts of 

transgenic mice expressing green fluorescent protein (GFP) under the control of the human 

glial fibrillary acidic protein (GFAP) promoter, which drives expression in astrocytes and 

NSCs (7). Using fluorescence-activated cell sorting (FACS) with a combination of GFP and 

cell surface markers, we simultaneously purified five cell types from the SVZ of paired 

young (3- to 4-month-old) and old (19- to 22-month-old) mice: endothelial cells (which 

provide key environmental signals to NSCs), SVZ astrocytes (hereafter, astrocytes), qNSCs, 

aNSCs, and NPCs (Fig. 1A and fig. S1A) (7). Each population expressed well-established 

markers (fig. S1B) and showed expected cell-cycle characteristics (fig. S1C). We used RNA-

sequencing (RNA-seq) to globally profile the transcriptomes of four biological replicates per 
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cell type and per age (tables S1 and S2 and fig. S2, A to C). The transcriptomes of 

endothelial cells, quiescent cells (astrocytes and qNSCs), and activated cells (aNSCs and 

NPCs) could be distinguished by principal component analysis (PCA) (Fig. 1B) and 

hierarchical clustering (fig. S2D). By contrast, young and old samples from the same cell 

type were not easily separated when all cell types were considered together (Fig. 1B and fig. 

S2D), though age-dependent differences were revealed when cell types were analyzed 

individually (see below, Fig. 4 and fig. S8).

Analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways that are up-

regulated or down-regulated between qNSCs and aNSCs showed differences in several 

homeostatic and metabolic pathways (e.g., lipid metabolism, DNA repair, cell cycle) (7, 12–

15) as well as strong differences in the protein homeostasis network (Fig. 1C; figs. S3, A to 

D, and S4A; and tables S3 to S6). aNSCs exhibited increased expression of proteasome-

associated genes (Fig. 1D, fig. S4B, and tables S5 and S6) (7, 15). By contrast, qNSCs had 

increased expression of lysosome-associated genes (Fig. 1D, fig. S4B, and tables S5 and 

S6). A motif for the transcription factor EB (TFEB), a master regulator of lysosomes and 

autophagy (16, 17), was enriched in lysosomal genes of qNSCs (fig. S4C). More generally, 

TFEB target genes were more highly expressed in qNSCs than in aNSCs (fig. S4C) (17), and 

TFEB was among the top five most significant upstream regulators of qNSC gene expression 

(fig. S4D). qNSCs and aNSCs also expressed different types of genes that encode protein 

chaperones (Fig. 1D, fig. S4E, and table S6): endoplasmic reticulum (ER) unfolded-protein 

response genes were more highly expressed in qNSCs, whereas the TCP-1 ring complex 

(TRiC) and prefoldin complex genes were more highly expressed in aNSCs (fig. S4E). 

Similar differences in branches of the proteostasis network were observed between the 

transcriptomes of quiescent and activated stem cells of other tissues (muscle and 

hematopoietic) (fig. S4F). Thus, quiescent and activated stem cells mobilize different 

branches of the protein quality-control network.

We experimentally assessed the status of the lysosomes and proteasomes in qNSCs and 

aNSCs. Staining for the lysosomal membrane protein LAMP-1 revealed that qNSCs freshly 

isolated from the adult brain had more LAMP-1 staining than did their activated counterparts 

(Fig. 1E). This was confirmed by staining for LAMP-1 in whole mounts of the SVZ (fig. 

S5A). Staining for the lysosomal membrane protein LAMP-2 in a primary culture system for 

NSC quiescence and activation (18) showed that qNSCs not only had more lysosomes but 

also larger lysosomes than aNSCs (Fig. 1F and fig. S5B). The large qNSC lysosomes were 

labeled with LysoTracker, a fluorescent probe specific to acidic organelles (Fig. 1G), 

suggesting that these lysosomes had the acidity required for proteolytic activity. Lysosomes 

can fuse with autophagosomes, thereby forming autolysosomes that, in turn, degrade 

autophagosome contents (3). Using a system in which LC3 (a marker of autophagosomes) is 

fused to both GFP and mCherry (Fig. 1H) (19), we found that qNSCs contained numerous 

large lysosomes that had fused with autophagosomes to form autolysosomes but had not yet 

degraded their contents (Fig. 1H and fig. S5C). Consistently, qNSCs freshly isolated from 

the SVZ showed less accumulation of LC3 than did aNSCs in response to inhibitors of 

lysosomal acidification (bafilomycin A and chloroquine) (fig. S5D), indicative of slower 

degradation of autophagosomes by qNSC lysosomes. Thus, although the lysosomes of 

qNSCs are acidified, they degrade their contents relatively slowly at steady state.
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We then tested whether proteasome activity was different between qNSCs and aNSCs. As 

predicted by our RNA-seq data, qNSCs directly isolated from the brain had reduced staining 

for catalytically active proteasomes (Fig. 1I) (20) and conjugated ubiquitin (fig. S5E) 

compared to that of aNSCs. Furthermore, lysates from primary cultured qNSCs had less 

proteasome activity than did lysates of aNSCs (fig. S5F). Thus, qNSCs and aNSCs use 

different branches of the proteostasis network, with qNSCs exhibiting large lysosomes and 

aNSCs displaying active proteasomes.

The differences between protein quality-control pathways in qNSCs and aNSCs raise the 

question of each cell type’s ability to regulate proteome health (fig. S6A). We stained young 

adult qNSCs and aNSCs freshly purified from the brain and in primary culture with 

Proteostat dye, which becomes highly fluorescent upon binding to the amyloid-type β-sheet 

tertiary structure of protein aggregates (21). qNSCs, even from young adults, exhibited 

increased Proteostat staining compared to that of aNSCs (Fig. 2, A and B). The 

accumulation of protein aggregates in young qNSCs was surprising, given that cellular 

quiescence is accompanied by reduced protein synthesis (14, 15), and indeed, freshly 

isolated qNSCs had less protein synthesis than did aNSCs (fig. S6B). A large proportion of 

protein aggregates in qNSCs were contained within lysosomes (Fig. 2A), consistent with the 

observation that qNSC lysosomes degrade the contents of autophagosomes more slowly.

Biochemical fractionation of lysates from qNSCs and aNSCs to enrich for protein 

aggregates confirmed that qNSCs contained significantly more insoluble protein aggregates 

than did aNSCs (Fig. 2C and fig. S6, C to E). The presence of proteins at a variety of 

molecular weights in the qNSC insoluble fraction suggests that qNSC aggregates contain a 

wide array of proteins (Fig. 2C). Additionally, accumulation of qNSC insoluble proteins at 

the top of the SDS–polyacrylamide gel electrophoresis (SDS-PAGE) gel is consistent with 

the presence of highly ordered amyloid-like aggregates (22) (Fig. 2C and fig. S6E). Thus, 

qNSCs contain more protein aggregates than their activated counterparts, and this 

aggregation appears to affect many proteins. The accumulation of protein aggregates in 

healthy young adult qNSCs raises the possibility that these aggregates play a physiological 

role.

The primary function of qNSCs is to generate aNSCs in response to growth factor signals. 

We tested whether manipulations that regulate lysosomal activity could affect protein 

aggregates in qNSCs and, in turn, influence activation of qNSCs in response to activation 

signals [epidermal growth factor (EGF) and basic fibroblast growth factor (bFGF)]. 

Treatment with bafilomycin A, which blocks lysosomal acidification, led to increased 

accumulation of protein aggregates (Fig. 3, A and B, and fig. S7A) and to decreased 

activation in response to growth factors (Fig. 3C). To induce lysosomal degradation, we 

deprived cells of nutrients by incubating them in Hank’s balanced salt solution (HBSS) (23). 

Nutrient deprivation of qNSCs led to a significant decrease in lysosomal staining (fig. S7B) 

and in the amount of protein aggregates (Fig. 3, A and D, and fig. S7, C and D). A brief 

pulse of nutrient deprivation in qNSCs enhanced their subsequent activation by growth 

factors, and this was abolished by bafilomycin A (Fig. 3E). Enhanced qNSC activation did 

not result from direct effects of nutrient deprivation on proliferation: Nutrient deprivation 

did not affect proliferation of qNSCs in the absence of growth factors, and indeed, it 
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decreased proliferation of aNSCs (fig. S7E). To activate lysosome function more selectively, 

we used expression of TFEB—a master regulator of lysosome biogenesis and autophagy 

(16, 17). Brief expression of an activated form of TFEB in qNSCs (24) (fig. S7F) led to 

decreased abundance of protein aggregates in qNSCs (Fig. 3F) and to enhanced qNSC 

activation in response to growth factors (Fig. 3G). Thus, activating the lysosome-autophagy 

pathway in qNSCs cleared protein aggregates and improved qNSC activation in response to 

growth factors.

The collapse of protein homeostasis is a key feature of aging in differentiated cells (1). To 

understand how aging affects protein homeostasis in stem cells, we analyzed our RNA-seq 

data sets for changes in global transcriptional profiles as well as specific transcriptional 

signatures in qNSCs and aNSCs freshly purified from old (19- to 22-month-old) versus 

young (3- to 4-month-old) mice (Fig. 1A). Quiescent cell types (qNSCs and astrocytes) 

displayed more and larger-magnitude transcriptional changes with age than did their 

activated counterparts (aNSCs and NPCs) (Fig. 4A, fig. S8A, and tables S7 and S8). This 

was not caused by technical variability between biological replicates (fig. S8B) and was also 

observed with a different transcript quantification and analysis method (fig. S8, C and D). 

Consistently, the transcriptome of young and old qNSCs and astrocytes could be 

distinguished by PCA, whereas that of young and old aNSCs and NPCs could not (fig. S8, E 

and F). The age-associated differences in qNSCs could reflect changes that arise from a 

heterogeneous population of qNSCs (5, 11, 15). The expression of genes associated with 

lysosome function, but not proteasome function, was significantly changed with age in 

qNSCs but not in aNSCs (fig. S8G). Thus, qNSCs undergo more transcriptional changes 

with age than do aNSCs and NPCs, and the expression of lysosome genes changes with age.

We experimentally examined the status of lysosomes and proteasomes in old qNSCs and 

aNSCs. Old qNSCs in their in vivo niches or freshly purified from the brain exhibited less 

lysosomal staining (LAMP-1) than young qNSCs (Fig. 4, B and C), and this decrease was 

significantly greater than that observed with age in aNSCs (Fig. 4C). This reduction in 

lysosomal staining was also observed in primary qNSC cultures from old mice (fig. S9, A 

and B). The age-dependent decrease in lysosome levels could result in fewer lysosomes 

available to fuse with autophagosomes (and/or endosomes). Indeed, using old GFP-LC3 

reporter mice, we identified a distinct subpopulation of old qNSCs that had increased 

amounts of GFP-LC3 fluorescence (Fig. 4D and fig. S9, C and D), indicative of reduced 

autophagic flux into acidified lysosomes (where GFP is normally denatured) (25). There was 

heterogeneity within the qNSC population with age (Fig. 4D and fig. S9, C and D), 

indicating that a subset of old qNSCs have defects in their lysosomes. By contrast, 

proteasome activity was not significantly altered with age in qNSCs or aNSCs (fig. S9E).

We tested how protein aggregates are affected by aging in qNSCs. The subpopulation of old 

qNSCs with high amounts of GFP-LC3 exhibited an increased amount of protein aggregates 

in vivo (Fig. 4E). Consistently, primary cultures of qNSCs from old mice also exhibited an 

increase in abundance of protein aggregates (fig. S9F). The age-dependent accumulation of 

GFP-LC3 and protein aggregates in vivo was reduced by subjecting mice to fasting for 48 

hours (fig. S9G), indicating that these aggregates can be modulated by nutrient deprivation. 

The increased amount of protein aggregates in old qNSCs could also be reduced by 
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expression of constitutively active TFEB (Fig. 4F). Thus, old qNSCs exhibit increased 

protein aggregation, which may result from age-dependent reduction in lysosome number or 

function, and this can be counteracted by TFEB expression.

The ability of qNSCs to activate declines with age (9–11). Consistently, old qNSCs in 

primary culture activated less efficiently than young qNSCs in response to growth factors 

(Fig. 4G). Interestingly, a pulse of expression of the active form of TFEB in old qNSCs 

restored activation in response to growth factors (Fig. 4H), suggesting that increased 

lysosomal function helps promote activation of old NSCs. Furthermore, systemic treatment 

of old mice with rapamycin, a mechanistic target of rapamycin (mTOR) inhibitor that 

enhances the lysosome-autophagy pathway (26, 27), resulted in increased abundance of 

aNSCs in the SVZ (Fig. 4I). Although rapamycin could also exert its effects indirectly by 

acting in cells other than NSCs and/or by regulating other pathways (26), these data are 

consistent with the possibility that increasing lysosomal function can clear protein 

aggregates and counteract the decline in activation of old qNSCs (fig. S9H).

Our study identifies a previously uncharacterized organelle state in qNSCs: an enlarged 

lysosome that contains a large amount of insoluble protein aggregates. The clearance of 

qNSC aggregates by lysosomal activation may provide a burst of energy for activation or 

prevent the propagation of potentially toxic aggregates to NSC progeny. Although changes 

in autophagy during aging have been observed in hematopoietic and muscle stem cells (27–

29), these studies did not examine the lysosomes and their protein aggregate content in these 

stem cells during aging. As lysosomes are central hubs for key cellular trafficking, signaling, 

and metabolic pathways, targeting of lysosome biogenesis and/or activation to clear 

aggregates in qNSCs may provide broad strategies to allow activation of old mammalian 

cells in vivo. This possibility is intriguing in light of the benefits of dietary restriction or 

starvation followed by refeeding to regenerative stem cell pools (30, 31) and the effects of 

the lysosome-autophagy pathway on protein aggregates (32) and life span (33) in 

Caenorhabditis elegans. Identifying the conserved mechanisms by which protein aggregates 

are regulated in aging stem cells should help identify specific ways to restore function to old 

stem cells and tissues.
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Fig. 1. qNSCs exhibit a protein quality-control signature distinct from their activated progeny, 
with enlarged lysosomes
(A) Experimental design. Endo, endothelial cell; Ast, astrocyte; EGFR, epidermal growth 

factor receptor. (B) PCA of five cell types and two ages, performed on variance stabilizing 

transformation (VST)–normalized read counts of all detected genes. PC, principal 

component. (C) Selected KEGG pathways significantly upregulated in qNSCs or aNSCs. P 
values determined by bootstrap sampling, with Benjamini-Hochberg correction. *False 

discovery rate (FDR)–adjusted P ≤ 0.05; **FDR-adjusted P ≤ 0.001; ***FDR-adjusted P ≤ 

0.0001. See also fig. S3 and table S5. (D) Heatmap showing expression levels of all genes in 

pathways from the three main branches of proteostasis: proteasome, lysosome, and 
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chaperones. VST-normalized read counts, scaled row-wise. V-ATPase, vacuolar H+–

adenosine triphosphatase. See also table S6. (E) Median fluorescence of LAMP-1 

normalized to cell size, as measured by flow cytometry. Mean ± SEM of values from six 

different mice (3 to 4 months old) analyzed on a single day. Each point represents FACS-

sorted cells from a single mouse. P value determined by one-sided Wilcoxon rank sum test. 

**P ≤ 0.01. (F and G) Representative immunofluorescence images of primary cultures of 

qNSCs and aNSCs from 3-month-old mice stained with (F) LAMP-2 (green, lysosomal 

membranes) and 4′,6-diamidino-2-phenylindole (DAPI) (blue, nuclei) or (G) LysoTracker 

(red, acidic organelles) and Hoechst (blue, nuclei). Scale bars, 5 μm. See also figs. S5B and 

S9B. (H) Top: In cells expressing mCherry-GFP-LC3, autophagosomes display both GFP 

and mCherry fluorescence (yellow-green), whereas autolysosomes display only mCherry 

fluorescence (red) because GFP is denatured by the acidity of the lysosome. Bottom: 

Representative images of GFP and mCherry fluorescence in primary cultures of qNSCs and 

aNSCs from 3-month-old mice. Scale bars, 5 μm. See also fig. S5C. (I) Fluorescence level 

of Me4BodipyFL-Ahx3Leu3VS, a probe that covalently binds active proteasomes, in 

populations directly isolated from the brain. Mean ± SEM of values from four different mice 

(3 to 4 months old) sorted and analyzed on two different days. Each point represents cells 

from a single mouse. P value determined by one-sided Wilcoxon rank sum test. *P ≤ 0.05.
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Fig. 2. qNSCs have insoluble protein aggregates localized in large lysosomes
(A) Representative immunofluorescence images of qNSC and aNSC primary cultures from 

3-month-old mice stained with Proteostat (magenta, protein aggregates), LAMP-2 (green, 

lysosomal membranes), and DAPI (blue, nuclei). Scale bars, 5 μm. (B) Median fluorescence 

of Proteostat normalized to cell size and to the median value on the day of measurement (to 

combine independent experiments). Mean ± SEM of values from 10 different mice (3 to 4 

months old) analyzed by flow cytometry on four different days. Each point represents 

FACS-sorted cells from a single mouse. P value determined by two-sided Wilcoxon rank 

sum test. **P ≤ 0.01. (C) Representative SDS-PAGE gel stained with SYPRO Ruby for 

detection of protein in the total, soluble, and insoluble fractions of qNSCs and aNSCs. See 

also fig. S6, C to E.
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Fig. 3. Modulation of lysosomal activity in qNSCs affects protein aggregates and the transition 
from quiescence to activation
(A) Representative immunofluorescence images of primary cultures of qNSCs from 3-

month-old mice after 18 hours of treatment with 50 nM bafilomycin A (BafA, a lysosomal 

V-ATPase inhibitor) or 3 hours of nutrient deprivation in HBSS. Cells are stained with 

Proteostat (magenta, protein aggregates), LAMP-2 (green, lysosomal membranes), and 

DAPI (blue, nuclei). Scale bars, 5 μm. Basal, quiescence media. (B) Median Proteostat 

fluorescence normalized to the median value per replicate to combine samples prepared at 

different times. Mean ± SEM of values from six biological replicates analyzed by flow 

cytometry on two different days. Each point represents an independent primary culture 

derived from two 3- to 4-month-old mice. (C) Percentage of cells that incorporated 5-

ethynyl-2′-deoxyuridine (EdU) (cells in S phase of the cell cycle) during a 3-hour pulse, as 
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measured by intracellular flow cytometry. Mean ± SEM of values from nine different 

biological replicates analyzed on four different days. Each point represents one independent 

primary culture derived from two 3- to 4-month-old mice. (D) Differences in Proteostat+ 

area quantified from images. Mean ± SEM of values from five independent biological 

replicates from two independent experiments. (E) Percentage of cells that incorporated EdU 

measured as in (C). Mean ± SEM of values from nine different biological replicates 

analyzed on four different days. (F) Proteostat fluorescence measured as in (B). Mean ± 

SEM of values from nine biological replicates analyzed on three different days. rtTA, reverse 

tetracycline-controlled transactivator. (G) Percentage of cells that incorporated EdU 

measured as in (C). Mean ± SEM of values from six different biological replicates analyzed 

on two different days. For all panels, P values determined by one-sided Wilcoxon rank sum 

test. *P ≤ 0.05; **P ≤ 0.01.
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Fig. 4. Old qNSCs show lysosome defects, increased protein aggregates, and decreased activation, 
but these can be counteracted by lysosomal activation
(A) Log2 fold changes between young (3- to 4-month-old) and old (19- to 22-month-old) 

samples of each cell type for all detected genes using DESeq2 (36). Each point represents 

one gene. Genes in color are significantly (“sig.”) up- or down-regulated with age with FDR 

= 0.05. Genes in gray are not significantly up- or down-regulated with age. (B) SVZ whole-

mount staining of young (3-month-old) and old (21-month-old) qNSCs. Left: LAMP-1 

(lysosomes, yellow) staining in qNSCs identified by the combination of a KI67-negative cell 

soma and a GFAP+ (red) projection through ependymal cell pinwheels at the ventricular 

surface (KI67, proliferation marker). Scale bar, 2 μm. Right: Quantification of LAMP-1 

fluorescence intensity in qNSCs normalized for cell size from three young and three old 

mice (n = 65 qNSCs). (C) Median fluorescence of LAMP-1 normalized for cell size. Mean 

± SEM of values from three to four young and old mice, analyzed by flow cytometry on a 
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single day. Each point represents FACS-sorted cells from a single mouse. (D) Representative 

histograms of the GFP-LC3 fluorescence per cell in qNSC and aNSC populations from a 5-

month-old versus 25-month-old transgenic GFP-LC3 mouse, as measured by flow 

cytometry. See also fig. S9, C and D. (E) Median fluorescence of Proteostat in GFP-LC3-

high qNSCs and aNSCs and NPCs from young (2- to 5-month-old) and old (25-month-old) 

GFP-LC3 mice normalized to the median value per replicate to combine samples prepared at 

different times. Mean ± SEM of values from three to four different mice analyzed by flow 

cytometry on a single day. Each point represents cells FACS-sorted from a single mouse. (F) 

Median fluorescence of Proteostat normalized to the median value per replicate. Mean ± 

SEM of values from nine biological replicates analyzed on three different days. Each point 

represents one independent primary culture derived from a 17- to 22-month-old mouse. (G) 

Percentage of cells in an individual culture that incorporated EdU (cells in S phase) during a 

3-hour pulse, as measured by intracellular flow cytometry. Mean ± SEM of values from six 

different biological replicates analyzed on two different days. Each point represents one 

independent primary culture derived from two 3-month-old or 20-month-old mice. (H) 

Percentage of cells that incorporated EdU measured as in (G). Mean ± SEM of values from 

six different biological replicates analyzed on two different days. Each point represents one 

independent primary culture derived from a 17- to 22-month-old mouse. (I) Old mice (22 

months old) were treated for 3 months with rapamycin in mouse chow. SVZ composition 

was then analyzed by FACS. Each point represents the abundance of aNSCs and aNPCs 

(EGFR+CD24−CD31−CD45− cells) in a single mouse, expressed as the percentage of total 

live cells in the SVZ. Mean ± SEM of values from six to seven different mice. P values 

[except panel (B)] determined by one-sided Wilcoxon rank sum test; Panel (B) P values 

determined by two-sided Wilcoxon rank sum test. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.01.
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