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Phorboxazoles A and Bl(and2, Figure 1) were isolated from o Fes
spongesPhorbassp! and Raspailia sp? collected off Western v
Australia in 1993 and 1996, respectively. These scarce natural

. o 2 ]
products arrest cancer cell growth in S phase at low to subnanomolar o ! o 4
. . .. . . LI 5
concentration$? making them promising candidates for therapeutic I M =1 ° :
. . “ 2
developmenta4 Although substantial efforts have yielded several ow OF °
A . w =R RTEH RISOH R'=H Phorboxazole A (1)
total ;ynthese%,the _cellular blglogy ofl and 2 has remained N & . g meen men RisoH Phorboasole B (2
undefined. Summarized here is a fluorescent label-based study =R' R*=Me R'=OH Ri=H 33-0Me-1(3)
reliant upon total synthesis” that elucidates the cellular uptake, NP " i RizH RI=OH Ri=H 46,46-DHBPA (4)
o : L o
Ioc.allzatlon, aqd blomolgcular a.ssoglat.lon Qf the phorbpxazoles. 0TS m R ReoH RisH ReEr DECOHBPA®)
This work provides the first detailed insight into a potential mode . _ © we " =R Ri=Me R'=OH R'=H R=Me 33-OMe-DMC-DHEPA (6}
of the phorboxazoles’ unique cytostatic activity. by o

An abioticN,N-dialkyl-7-aminocoumarin derivative was selected Figure 1. Structures of phorboxazoles and synthetic variants.
as the label because this class of blue fluorescent dye does not
interfere with protein association or inhibit cellular upt&dewas
previously determined that modification of the C33 hemike3al (
Figure 1) or the C45,46-vinyl bromidd) of phorboxazole A did
not substantially diminish cytostatic activity against a panel of
human cancer celf Therefore, fluorescent analogubsand 6
(Figure 1) were prepared via Sonogashira couplings between the
corresponding vinyl iodides and C46 terminal alkynes (see Sup-
porting Information)

The cellular uptake 0% and6 was examined in HelLa cells by
LED fluorescence microscopy.The resulting images were com-
pared with those obtained using control fluorophore!* and
established probe—12 (Figure 2)¢ The uptake ob and6 (Figure
2) was comparable to that of protein phosphatase ligatd
membrane intercalatatl, and DNA binderl2. Probes5 and 6
localized on intermediate-sized filaments (IF) and led to a dramatic
restructuring of the IF to form a large aggregate (IFC) adjacent to
the nucleus (Figure 2).

Uptake and localization studies were accompanied by micro-
scopic stop-flow cell cycle staging using a fluorescent staging
cocktail to determine the phase of HeLa célirobes5 and 6
induced complete HelLa cell cycle arrest at S phase at 10.5nM
and 8.2 nM6. Next, HeLa cells were separately treated véithnd
6 for 4 h, then fractionated into nuclear, cytosolic, endoplasmic HOT 10 Me0 72
reticulum, Golgi, and membrane partitiolsFractions that dis- ove
played visual fluorescence ([labef] ~1 M) were obtained from Figure 2. Comparative analysis of cellular uptake, localization, and
the cytosolic partitions derived from each probe. Native PAGE IreSponse of phorboxazole prolieands, controls, 8 or, and organelle

; . abels10—-12. Images depict the localization of each probe 10 min after
analyses of the pooled fluorescent fractions yielded fluorescent exposure of a 0.34 chwell containing~10° HeLa cells/cm with 35Q.L
bands at~32 and~54 kDa (Figure 3). However, only the band of a 10 nM solution of probe, followed by washing the cells twice with
near 54 kDa persisted after an affinity purification step using an media. Bars denote the relative intensity of fluorescence obtained per cell.

amine-reactive agarose gel, Affigel 10, displaying an AhN- Localization on the IF was confirmed by immunofluorescent staining with
. . h . . a green fluorescent anti-cytokeratin mAb (see Supporting Information).
dimethyl-7-aminocoumarin-4-acetamide antibody.

Samples of the 54 kDa band in the blot obtained usifigigure the strongest correlations were to human cytokeratins KRT1, KRT9,
3a) were submitted to sequence analyssmong three replicates, 5,4 KRT10% This proteomic identification of cytokeratin targeting
I University of Minnesota. was consistent with visualized localization&nd6 on IF (Figure
Xenobe Research Institute. ;
§ Present address: Memorial Sloan-Kettering Cancer Center, New York, NY 2). KRT10 and the cgncer biomarker KRT18vere the_n cloned
10021, USA. from a HelLa cDNA library, expressed, and gel purifiédThe
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Figure 3. Affinity analyses of5, 6, and9 in HeLa cell cytosolic fractions.

(a) Fluorescent gel analysis depicting fluorescence fscend 6 bound to
protein targets, including a native blot analysis using anti-DYE antibody
denoting bound complex. (b) Coomassie-stained SBAGE gel depicting
the pull down of a protein with mass of 32 kDa with an anti-KRT210 affinity
resin in the presence & and6. (c) Repetition of the pull-down assay in
(b) using purified cdk4. (d) Blot analysis depicting cdk4 isolated using a
KRT10 affinity resin.

affinities of 5 and 6 were determined by equilibrium dialysis,
yielding association constant&4) of 1.2 and 3.2 nM to KRT10,
and 0.2 and 0.3 nM to KRT18, respectively. Prabavas also
assayed against cloned and expressed KREL1= 32 nM) and
KRT9 (Ka= 2.3 nM). Control experiments usiffg 8, and9 (Figure
2) showed insignificant affinityK, > 100 uM) to either KRT10
or KRT18.

We then screened for proteins whose association with KRT10
was affected bys and 6. First, resins coated with an anti-KRT10
antibody were used to isolate protein complexes from HelLa cell
lysates exposed t6 and6. SDS-PAGE analysis of the proteins

returned from these experiments revealed a second major protein

(ca. 32 kDa) that was associated with KRT10 in the presence of
probes5 and 6 (Figure 3b). LC-MS/MS analysis indicated that
this protein was cyclin-dependent kinase 4 (cdk4), an essential
component of G1-S phase cell cycle progres$iand a validated
anticancer drug targéf. This assignment was confirmed by
repetition of the binding experiments in vitro using purified cdk4
(Figure 3c). Next, HeLa cell lysates were screened using a KRT10
affinity gel. Cdk4 was repetitively returned after extraction of cell
lysates exposed ®and6, but not9 (Figure 3d). These experiments
provide conclusive evidence that the phorboxazole prélesd6

induce an association between cdk4 and KRT10. Associations were

confirmed by determination of in vitro binding affinities &f 6,
and9 to cdk4 by equilibrium dialysis. AnaloguégK, = 350 nM)
and6 (K, = 120 nM) bound tightly to cdk4, while contr®l (K, >
5 uM) did not.

Perturbation of cdk4 structure and function is well-known to
inhibit cell cycle progressiot The sequestration of cdk4 upon
cytosolic IF protein® induced byl—6 would reduce the amount
of free cellular cdk4 and prevent nuclear translocation of active
cdk4-cyclin D1 complexes required for phosphorylation of the
retinoblastoma (Rb) protein and consequent cell cycle progre¥sion.
In a similar model, the human papillomavirus type 16 proteir-E1
E4 is believed to cause,&ell cycle arrest by retention of cdkl/
cyclin B1 upon cytoplasmic keratin filamers.In contrast,
sequestration of PKB/PKfupon KRT10 apparently occurs without
induction by xenobiotic small molecul@sThis results in inhibition
of cyclin D1 expression and Rb phosphorylation via the phosphoino-
sitide 3-kinase signal transduction pathv#aeveral endogenous
proteins are known to inhibit cdk4 activity via direct bindifg.

The small-molecule-mediated anchoring of cdk4 upon IF de-
scribed here represents an unexploited paradigm for altering the
activity of cellular proteins. Studies to elucidate the details of the
molecular associations of phorboxazole derivatives and their cellular
receptors and the effects of these interactions upon cell cycle
progression are continuing.
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