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with another ATP-competitive mTOR inhibitor, Torin-1, pro-

moted mTOR localization to lysosomes in interphase cells (Fig-

ure 2A). To validate these results with another marker, we utilized

a HAP-1 cell line in which endogenous RAPTOR has been

tagged with GFP by CRISPR/Cas9 editing (Manifava et al.,

2016). Consistent with our results in HeLa cells, RAPTOR-GFP

failed to localize to lysosomes during normal mitosis (Figure 2B).

Starvation promoted a diffuse distribution of RAPTOR-GFP,

which was reversed upon re-addition of nutrients in interphase

cells (Manifava et al., 2016) (Figure 2B). However, re-addition

of nutrients failed to promote any RAPTOR-GFP foci in mitotic

cells (Figure 2B). Thus, mTORC1 no longer exhibited a

nutrient-dependent recruitment to lysosomes during mitosis.

RAPTOR is hyperphosphorylated during mitosis by CDK1, and

this has previously been proposed to result in mTORC1’s hyper-

activation (Ramı́rez-Valle et al., 2010). However, we observed

that while AZD8055 treatment promoted the translocation of

RAPTOR from the cytosol to membrane fraction, this was pre-

vented by paclitaxel treatment, and this correlated with RAPTOR

hyperphosphorylation; indeed, hyperphosphorylated RAPTOR

was strongly enriched in the cytosolic fraction in mitotic cells (Fig-

ure S2). Thus, mitotic phosphorylation of RAPTOR was associ-

ated with its loss from the Lamp2-containing membrane fraction.

Since the Rag GTPases recruit RAPTOR (and thereby mTOR)

to lysosomes, we assessed Rag localization during mitosis.

RagC localization strongly correlated Lamp2 in both interphase

and mitotic cells (Figure 2C). However, overexpression of domi-

nant active Rag pairs (RagBGTP RagDGDP) failed to promote
mTOR localization to lysosomes in mitotic cells (Figure 2D).

This implied that activated Rag GTPases were unable to recruit

RAPTOR during mitosis, so we assessed Rag-RAPTOR interac-

tions by capturing RAPTOR-GFP from HAP1 cells using GFP-

Trap (Figure 2E). Paclitaxel treatment of cells resulted in

RAPTOR phosphorylation and impaired both RagA and RagC

binding to RAPTOR (Figure 2E), supporting our immunofluores-

cence data. In contrast, paclitaxel had no effect on the binding

of mTOR to RAPTOR, suggesting the mTORC1-RAPTOR com-

plex remained intact during mitosis (Figure 2E). The paclitaxel-

induced dissociation of RAPTOR from Rag proteins was

completely reversed by the selective CDK1 inhibitor RO-3306

(Figure 2F), which also prevented RAPTOR phosphorylation.

To assess the role of CDK1-dependent RAPTOR phosphoryla-
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nocodazole, a microtubule-depolymerizing agent, and this was

also reversed by three independent CDK1 inhibitors (Figure 3F).

Finally, dimethylenastron, an inhibitor of the mitotic kinesin Eg5

that elicits a pro-metaphase arrest (Liu et al., 2006), also caused

CDK1-dependent phosphorylation of ARs (Figure S3). Thus, hy-



proposed as an ERK2 substrate (Settembre et al., 2011), but the

MEK1/2 inhibitor trametinib failed to reverse mitotic hyperphos-

phorylation of TFEB or other ARs (Figure 4A). These results were

observed in five different cell lines representing a range of tissue

types (Figure S4), and the degree of AR hyperphosphorylation

correlated with the degree of mitotic arrest for each cell line, as

judged by the proportion of 4E-BP1-d and p-S10 H3 intensity

(Figure S4). Mitotic hyperphosphorylation of ARs was observed

even when cells were treated with starvation media and/or

ZSTK474 (a pan class I phosphatidylinositol 3-kinase [PI3K] in-

hibitor; Kong and Yamori, 2007) (Figure S5C). Thus, ARs were

no longer responsive to amino acid depletion in mitosis.

We also compared SW620 cells with derivatives that have ac-

quired resistance to AZD8055 (SW620:8055R cells), such that

they are maintained in the presence of drug with little or no

detectable mTORC1 signaling (Cope et al., 2014); these cells

also exhibited hyperphosphorylation of ARs upon paclitaxel

treatment (Figure S5A) despite lacking a canonical p-T389 S6K

signal. Finally, to confirm whether AR hyperphosphorylation

was present in only mitotic cells and not in interphase pacli-

taxel-treated cells, we performed a mitotic shake-off (Figure 4C).

As expected, AZD8055 treatment promoted the dephosphoryla-

tion of ARs in attached cells, showing that paclitaxel-treated

cells in interphase respond normally to mTOR inhibition. How-

ever, the mitotically enriched fraction displayed the hyperphos-

phorylated forms of ARs, regardless of the presence or absence

of AZD8055 (Figure 4C). Altogether, these results demonstrate

that the mitotic phosphorylation of ARs was dependent upon

CDK1 and independent of mTORC1.

As an alternative to the use of pharmacological inhibitors of

mTOR, we used a D30-TFEB mutant that is defective for lyso-

somal localization and phosphorylation by mTORC1 (Martina

and Puertollano, 2013; Roczniak-Ferguson et al., 2012). We

generated HeLa cells stably expressing WT-TFEB-GFP or D30-

TFEB-GFP; the latter cells exhibited nuclear localization of

D30-TFEB-GFP, regardless of treatment conditions (Figure S5D),

because it could not be phosphorylated by mTOR (Figure 4D),

the normal signal for its cytoplasmic retention. Furthermore,

D30-TFEB-GFP did not localize to lysosomes upon treatment

with AZD8055, unlike WT-TFEB, which showed strong co-local-

ization with the lysosomal marker LAMP2 (Figures S5D and S5E),

as previously described upon treatment with ATP-competitive

mTOR inhibitors (Roczniak-Ferguson et al., 2012). When these

cells were starved, WT-TFEB-GFP was hypophosphorylated

and this was reversed upon re-addition of complete media; in

contrast, D30-TFEB-GFP showed no alteration in its electropho-

retic mobility regardless of the presence or absence of amino

acids (Figure 4D). However, both WT-TFEB-GFP and D30-

TFEB-GFP were phosphorylated upon paclitaxel treatment (Fig-

ure 4D). Mitotic shake-off of paclitaxel treated samples

confirmed that the hyperphosphorylation of both WT and





just prior to mitosis (Figure 6D; Video S4). TFEB did still maintain

a punctate lysosomal association throughout mitosis (Fig-

ure S5E), in stark contrast to our findings for mTORC1 (Figure 2).

This provides further evidence that alterations in Rag-GTPases

were not responsible for mTORC1’s failure to localize to lyso-

somes, since Rag heteroduplex activity mediates TFEB’s

localization to lysosomes independently of RAPTOR (Martina

and Puertollano, 2013). Thus, TFEB was rapidly exported from

the nucleus in an mTORC1-independent manner just prior to

mitosis.

Nutrient-responsive phosphorylation of ATG13 at S224 and

S258 (human 259) represses ULK1 kinase activity (Puente

et al., 2016). mTORC1 directly phosphorylates S259, while

S224 is dependent upon AMPK. We performed mass spectrom-

etry analysis of GFP-ATG13 immunoprecipitated from cells

treated with paclitaxel and/or AZD8055. As expected,

AZD8055 caused a striking reduction in S259 phosphorylation
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