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A B S T R A C T: B o n e  m et ast asis r e m ai ns a c h all e n g e i n c a n c er tr e at m e nt.  H er e  w e s h o w e nz y m ati c r es p o nsi v e ri gi d-r o d ar o m ati cs
a cti n g as t h e s u bstr at es of “ u n dr u g g a bl e” p h os p h at as es t o kill c a n c er c ells i n a  mi m eti c b o n e  mi cr o e n vir o n m e nt. B y p h os p h or yl ati o n
a n d c o nj u g ati n g nitr o b e nz o x a di az ol e ( N B D ) t o h y dr o x y bi p h e n yl c ar b o x yl at e ( B P ),  w e o bt ai n e d p B P- N B D ( 1 P ) as a s u bstr at e of
b ot h a ci d a n d al k ali n e p h os p h at as es. 1 P e ff e cti v el y kills b ot h  m et ast ati c c astr ati o n-r esist a nt pr ost at e c a n c er c ells ( m C R P Cs ) a n d
ost e o bl ast  mi mi c c ells i n t h eir c o c ult ur e. 1 P e nt ers S a os 2 al m ost i nst a ntl y t o t ar g et t h e e n d o pl as mi c r eti c ul u m ( E R ) of t h e c ells.  C o-
c ult uri n g  wit h S a os 2 c ells b o osts t h e c ell ul ar u pt a k e of 1 P b y  m C R P Cs.  Cr y o- E M r e v e als t h e n a n ot u b e str u ct ur es of b ot h 1 P ( 2. 4  Å
r es ol uti o n, p H 5. 6 ) a n d 1 ( 2. 2  Å r es ol uti o n, p H 7. 4 ).  T h e h eli c al p a c ki n g of b ot h n a n ot u b es is i d e nti c al, h el d t o g et h er b y str o n g pi-
st a c ki n g i nt er a cti o ns. B esi d es r e p orti n g t h e at o misti c str u ct ur e of n a n ot u b es f or m e d b y t h e ass e m bl y of ri gi d-r o d ar o m ati cs, t his  w or k
e x p a n ds t h e p o ol of  m ol e c ul es f or d esi g ni n g EI S A s u bstr at es t h at s el e cti v el y t ar g et  T M E.

T his c o m m u ni c ati o n r e p orts t h e first e x a m pl e of e nz y m e-
i nstr u ct e d s elf- ass e m bl y ( EI S A ) of ri gi d-r o d ar o m ati cs f or

killi n g c a n c er c ells i n a  mi m eti c b o n e  mi cr o e n vir o n m e nt.
D es pit e c o nsi d er a bl e pr o gr ess i n c a n c er t h er a p y, t u m or
m et ast asis still c a us es  m ost of c a n c er-r el at e d d e at hs. 1 F or
e x a m pl e, a p pr o xi m at el y 9 0 % of p ati e nts  w h o di e of pr ost at e
c a n c er h a v e b o n e  m et ast as es. 2 B o n e  m et ast as es ar e a vi ci o us s elf-
r ei nf or ci n g c y cl e i n t u m or  mi cr o e n vir o n m e nts ( T M Es ),  w h er e
c a n c er c ells pr o m ot e t h e di ff er e nti ati o n of ost e o cl asts a n d
ost e o bl asts, a n d t h e i n cr e as e d b o n e t ur n o v er r el e as es c yt o ki n es
t o b e n e fit  m et ast ati c c a n c er c ells.  M or e o v er, b o n e is als o a sit e
f or f urt h er s pr e a d of ot h er  m et ast asis.3 T h e c urr e nt tr e at m e nt of
b o n e  m et ast asis,  R a di u m- 2 2 3 ( R a- 2 2 3 ), 4 ,5 is o nl y p alli ati v e
b e c a us e t h e a c c e pt a bl e r a di ati o n d os a g e of  R a di u m- 2 2 3 is
li mit e d.  T h us, t h er e is a n ur g e nt n e e d t o d e v el o p n o v el
a p pr o a c h es f or killi n g c a n c er c ells i n b o n e  m et ast asis sit es or
T M E  wit h  mi ni m al si d e e ff e cts. I ns pir e d b y t h e d u al t ar g eti n g
m o d e- of- a cti o n of  R a di u m- 2 2 3,  w e ar e ai mi n g t o d e v el o p
n o nr a di o a cti v e s m all  m ol e c ul es as a si n gl e a g e nt t h at s elf-
ass e m bl e i n sit u or o n-sit e t o kill b ot h  m et ast ati c c astr ati o n-
r esist a nt pr ost at e c a n c er ( m C R P C ) a n d ost e o bl ast c ells i n
T M Es.

A pr o mi n e nt f e at ur e of ost e o bl asti c  m C R P C at t h e  T M E is
t h at  m C R P C a n d ost e o bl asts o v er e x pr ess pr ost ati c a ci d
p h os p h at as e ( P A P ) 6 a n d al k ali n e p h os p h at as e ( A L P ), 7

r es p e cti v el y.  H o w e v er, d e v el o pi n g i n hi bit ors of P A P a n d  A L P
t o tr e at  m C R P C h as b e e n u ns u c c essf ul f or s e v er al r e as o ns: (i )
P A P a cts as a t u m or s u p pr ess or, 8 (ii ) i n hi bit ors of  A L P ar e
u n a bl e t o i n hi bit c a n c er c ells, 9 a n d (iii )  m ost p h os p h at as es
pr e vi o usl y ar e c o nsi d er e d as u n dr u g g a bl e t ar g ets. 1 0 ,1 1 T h us,  w e
d e ci d e d t o e x pl or e EI S A,  w hi c h kills c a n c er c ells b y e nz y m ati c
r e a cti o n a n d s elf- ass e m bl y,1 2 f or d e v el o pi n g t h er a p e uti cs f or
ost e o bl asti c  m C R P C. EI S A is p arti c ul arl y attr a cti v e b e c a us e

EI S A kills c a n c er c ells  wit h o ut i n hi biti n g t h e t ar g et e d e nz y m es.
M or e o v er,  A L P is  m et a b oli c all y i n ert i n s er u m, 1 3 a s u btl et y
all o wi n g EI S A t o o c c ur at  T M Es.  R e c e ntl y, a v ari et y of s m all
m ol e c ul e s u bstr at es, i n cl u di n g p e pti d es, 1 4 − 1 8 c ar b o h y dr at es, 1 9

a n d li pi ds, 2 0 ,2 1 of  A L P- b as e d EI S A ar e a bl e t o i n d u c e d e at h of
t h e c a n c er c ells t h at o v er e x pr ess  A L P b e c a us e EI S A all o ws “ o n-
sit e” g e n er ati o n of n a n ostr u ct ur es fr o m s m all  m ol e c ul es. 2 2

Alt h o u g h p e pti d e- b as e d s u bstr at es ar e t h e  m ost e x pl or e d a m o n g
t h es e b uil di n g bl o c ks u p-t o- d at e, t h eir e ffi c a c y f or killi n g
m C R P C still r e m ai ns t o b e i m pr o v e d. 2 3 T h us,  w e c h o os e t o
e x a mi n e ot h er n o n p e pti di c  m ol e c ul es as t h e s elf- ass e m bli n g
b uil di n g bl o c ks f or EI S A a g ai nst  m C R P C.

O n t h e b asis of a g gr e g at e a d vis ors 2 4 a n d ri gi d-r o d  m ol e c ul es
f or s elf- ass e m bl y,  w e c h o os e a ri gi d-r o d ar o m ati c  m ol e c ul e,
bi p h e n yl, as t h e c or e  m otif f or d e v el o pi n g EI S A s u bstr at es of
P A P a n d  A L P. Bi p h e n yl h as f o u n d v ari o us a p pli c ati o ns i n li q ui d
cr yst als, 2 5 − 2 8 d e n dri m ers, 2 9 l o n g-r a n g e s elf- ass e m bl y,3 0 a m p hi-
p hil es, 3 1 a n d p e pti d es. 3 2 W e r e c e ntl y f o u n d t h at bi p h e n yl
e n a bl es r a pi d e nz y m ati c s elf- ass e m bl y a n d h y dr o g el ati o n of
p e pti d es. 3 3 B ut bi p h e n yl h as y et t o b e e x pl or e d f or EI S A  wit h o ut
i n v ol vi n g p e pti d es.  O n t h e b asis of t h e a b o v e r ati o n al e,  w e
p h os p h or yl at e d t h e h y dr o x yl a n d c o nj u g at e d a fl u or o p h or e
( nitr o b e n z o x a di a z ol e ( N B D ) ) at t h e c ar b o x yli c e n d of
h y dr o x y bi p h e n yl c ar b o x yl at e ( B P ) or h y dr o x yt er p h e n yl c ar b o x-
yl at e ( T P ) t o pr o d u c e p B P- N B D ( 1 P ) or p T P- N B D ( 2 P ),
r es p e cti v el y.  As a s u bstr at e of b ot h P A P a n d  A L P, 1 P e ff e cti v el y
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kills b ot h  m et ast ati c c astr ati o n-r esist a nt pr ost at e c a n c er c ells
( m C R P Cs ) ( V C a P or P C 3 ) a n d ost e o bl ast  mi mi c c ells ( S a os 2 )
i n t h eir c o c ult ur e. Fl u or es c e nt i m a gi n g s h o ws t h at 1 P e nt ers
S a os 2 al m ost i nst a ntl y t o t ar g et t h e e n d o pl as mi c r eti c ul u m ( E R )
of t h e c ells a n d t h at S a os 2 i n t h e c o c ult ur e b o osts t h e c ell ul ar
u pt a k e of 1 P or 2 P b y  V C a P or P C 3 c ells.  Cr y o- E M r e v e als t h at
t h e 1 (fr o m d e p h os p h or yl ati n g 1 P at p h ysi ol o gi c al p H ) or 1 P
( at a ci di c p H ) s elf- ass e m bl es t o f or m c o n es  wit h  C 7 s y m m etr y,
a n d t h e s u pr a m ol e c ul ar c o n es st a c k h eli c all y  wit h a 3. 5  Å ris e t o
f or m n a n ot u b es. B esi d es r e p orti n g t h e at o misti c str u ct ur e of
n a n ot u b es f or m e d b y t h e ass e m bl y of ri gi d-r o d ar o m ati cs, t his
w or k, usi n g e nz y m ati c r e a cti o ns t o f or m i ntr a c ell ul ar n a n ot u b es
of s m all ri gi d-r o d  m ol e c ul es, e x p a n ds t h e p o ol of  m ol e c ul es f or
d esi g ni n g EI S A s u bstr at es t h at s el e cti v el y t ar g et  T M E.

S c h e m e 1 s h o ws t h e str u ct ur es a n d t h e k e y s y nt h eti c st e ps f or
m a ki n g, 1 P , 2 P , a n d 3 P ,  w hi c h h a v e bi p h e n yl, t er p h e n yl, a n d

p h e n yl  m otifs, r es p e cti v el y.  W hil e B P a n d h y dr o x yl p h e n yl c ar-
b o x yl at e ar e c o m m er ci all y a v ail a bl e,  T P is pr o d u c e d i n al m ost
q u a ntit ati v e yi el d fr o m 4- br o m o- 4 ′- h y dr o x yl bi p h e n yl a n d 4-
c ar b o x y p h e n yl b or o ni c a ci d b y p all a di u m- c at al yz e d cr oss c o u-
pli n g. 3 4 Mi xi n g B P or h y dr o x yl p h e n yl c ar b o x yl at e  wit h p h os-
p h or us p e nt a c hl ori d e dir e ctl y u n d er h e at or r e a cti n g  T P  wit h
p h os p h or us o x y c hl ori d e i n p yri di n e pr o d u c es t h e p h os p h or y-
l at e d ar o m ati c c ar b o x yli c a ci ds.  Aft er g etti n g all t hr e e
p h os p h or yl at e d c o m p o u n ds,  w e c o nj u g at e d t h e m  wit h  N B D-
et h yl e n e di a mi n e t o g e n er at e 1 P , 2 P , a n d 3 P .

As s h o w n b y tr a ns missi o n el e ctr o n  mi cr os c o p y ( T E M ),
a d di n g  A L P t o a s ol uti o n of 1 P ( 5 0 0 μ M a n d p H 7. 4 ) tr a nsf or ms
t h e a m or p h o us a g gr e g at es of 1 P t o ∼ 7 n m di a m et er n a n ot u b es
of 1 ( Fi g ur e 1 ).  At p H 5. 6, 1 P ( 5 0 μ M ) f or ms n a n ot u b es li k e
t h os e of 1 .  T h es e r es ults i n di c at e 1 P s elf- ass e m bl es  m or e r e a dil y
at l o w er p H b e c a us e pr ot o n ati o n d e cr e as es p h os p h at e r e p ulsi o n.
A d di n g P A P i n t h e 1 P s ol uti o n ( 5 0 μ M a n d at p H 5. 6 ) r es ults i n
m or e n a n ot u b es ( Fi g ur e 1 ).  A d di n g  A L P t o t h e s ol uti o n of 2 P
als o s wit c h es t h e a g gr e g at es of 2 P i nt o n a n ot u b es  wit h si mil ar
di a m et ers ( Fi g ur e S 2 ).  At p H 5. 6, 2 P ( 5 0 μ M ) tr a nsf or ms fr o m
a g gr e g at es i nt o t wist e d n a n ori b b o ns ( Fi g ur e S 1 ). 3 P e xists as
a m or p h o us a g gr e g at es b ot h at p H 7. 4 or p H 5. 6 a n d r ar el y f or ms
n a n ot u b es aft er a d di n g  A L P or P A P ( Fi g ur e S 1 ), i n di c ati n g t h at

n o n c o v al e nt i nt er a cti o ns fr o m p h e n yl ar e i ns u ffi ci e nt f or 3 P or 3
t o s elf- ass e m bl e i nt o n a n ot u b es.

W e t est e d 1 P f or its a cti vit y a g ai nst si x di ff er e nt c ell li n es,
S a os 2, SJ S A 1,  V C a P, P C 3,  H e p G 2, a n d P N T 1 A ( Fi g ur es 2 A a n d
S 4 ). 1 P s h o ws t h e first d a y I C5 0 ar o u n d 2 0. 9 μ M a g ai nst S a os 2
c ells.  T h e I C 5 0 v al u es of 1 P a g ai nst SJ S A 1 a n d S a os 2 ar e
c o m p ar a bl e, e x c e pt d a y 1.  W hil e 1 P si g ni fi c a ntl y i n hi bits  V C a P
a n d P C 3 c ells fr o m d a y 2 a n d d a y 3, r es p e cti v el y, 1 P is r at h er
c o m p ati bl e  wit h  H e p G 2 a n d P N T 1 A e v e n at d a y 3,  wit h I C 5 0

ar o u n d 1 0 8 μ M a n d 8 9 μ M. E v e n t h o u g h 2 P s h o w e d p ot e nt
a cti vit y a g ai nst S a os 2 a n d SJ S A 1, it h ar dl y i n hi bits  V C a P, P C 3,
H e p G 2, a n d P N T 1 A ( Fi g ur es S 3 a n d S 4 ).  C o m p ar e d t o 1 P a n d
2 P , 1 a n d 2 ar e  m or e t o xi c t o t h e n or m al pr ost at e c ells, P N T 1 A,
i n di c ati n g t h at p h os p h or yl ati o n e n h a n c es t h e s el e cti vit y f or
t ar g eti n g c a n c er c ells.  A L P i n hi bit or ( D Q B ) r e d u c es t h e
c yt ot o xi cit y of 1 P a n d 2 P a g ai nst S a os 2 or SJ S A 1 c ells ( Fi g ur e
S 5 ), i n di c ati n g t h at  A L P- c at al y z e d EI S A of 1 P a n d 2 P
c o ntri b ut es t o t h eir c yt ot o xi cit y.  T h e l o w c yt ot o xi cit y of 1 P
a n d 2 P t o w ar d h e p at o c yt es ( H e p G 2 ) i n di c at es a l o w t o xi cit y of
1 P a n d 2 P t o t h e li v er. 3 P h ar dl y i n hi bits t h es e c ells ( Fi g ur e
S 2 B ), c o nsist e nt  wit h t h e p o or s elf- ass e m bli n g a bilit y of 3 .  M-β -
C D, a n i n hi bit or f or c a v e ol a e  m e di at e d e n d o c yt osis, r es c u es
S as o 2 a n d SJ S A 1 tr e at e d b y 1 P or 2 P , s u g g esti n g t h at 1 P or 2 P
e nt ers t h e c ells vi a e n d o c yt osis ( Fi g ur e S 6 ).

As s h o w n i n Fi g ur e 2 B, 1 P e nt ers S a os 2 or SJ S A 1  wit hi n 1  mi n
a n d a c c u m ul at es i nsi d e t h e c ells.  O n t h e ot h er h a n d, 1 P
a c c u m ul at es i n  V C a P or P C 3 c ells sl o wl y, s o t h at visi bl e
fl u or es c e n c e fr o m 1 e m er g es i n  V C a P a n d P C 3 c ells aft er 3 0 a n d
6 0  mi n, r es p e cti v el y.  T h e i n hi bit or y a cti vit y of 1 P c orr el at es  w ell
wit h t h e r at e of c ell ul ar u pt a k e, e x c e pt i n t h e c as e of  H e p G 2.
Alt h o u g h 1 P e nt ers  H e p G 2 f ast er ( Fi g ur e S 7 ) t h a n e nt eri n g
P C 3, 1 P h ar dl y i n hi bits  H e p G 2, a gr e ei n g  wit h t h e d et o xi fi c ati o n
f u n cti o n of h e p at o c yt es.3 5 2 P e x hi bits a si mil ar tr e n d as t h at of
1 P t o e nt er S a os 2, SJ S A 1,  V C a P, a n d P C 3 c ells (Fi g ur e S 9 ).
A gr e ei n g  wit h its c ell c o m p ati bilit y, 3 P e nt ers S a os 2  m u c h
sl o w er t h a n 1 P or 2 P d o es ( Fi g ur e S 8 ).

F or S a os 2 a n d SJ S A 1 c ells, t h e distri b uti o n of 1 P i n c yt os ol
r es e m bl es t h at of E R (Fi g ur es 2 C a n d S 1 0 ).  C o-st ai ni n g 1 P wit h
E R-tr a c k er, L ys o-tr a c k er, or  Mit o-tr a c k er i n S a os 2 or SJ S A 1 c ells
s h o ws t h at t h e fl u or es c e n c e fr o m 1 P m ostl y o v erl a ps  wit h t h e
fl u or es c e n c e of E R-tr a c k er, i n di c ati n g t h at 1 P , aft er e nt eri n g
c ells a n d b ei n g d e p h os p h or yl at e d, s p e ci fi c all y l o c aliz es i n E R of

S c h e m e 1. EI S A f or Si m ult a n e o usl y  Killi n g  m C R P C a n d
Ost e o bl ast  C ells a n d t h e  R el e v a nt S y nt h esis

Fi g ur e 1. T E M of 1 P ( 5 0 0 μ M, p H 7. 4 ) b ef or e a n d aft er a d di n g  A L P
( 0. 1  U / m L ) f or 2 4 h a n d of 1 P ( 5 0 μ M, p H 5. 6 ) b ef or e a n d aft er a d di n g
P A P ( 0. 1  U / m L ) f or 2 4 h. S c al e b ar: 1 0 0 n m.
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S a os 2 a n d SJ S A 1.  T h e E R a c c u m ul ati o n a gr e es  wit h t h at
p h os p h o bi p e n yl is a s u bstr at e of P T P 1 B, 3 6 w hi c h  m ai nl y l o c at es
at E R. 3 7 2 P l o c aliz es  m or e i n E R of S a os 2 a n d SJ S A 1 c ells t h a n i n
l ys os o m es a n d  mit o c h o n dri a, a n d f or ms d e ns er fl u or es c e nt
p u n ct a i n S a os 2 a n d SJ S A 1 t h a n 1 P d o es ( Fi g ur es S 1 1 a n d S 1 2 ).
T h e fl u or es c e n c e of 1 P i n  V C a P a n d P C 3 c ells o v erl a ps  m or e
wit h t h at of L ys o-tr a c k er, i n di c ati n g t h at 1 P m ai nl y u n d er g o es
d e p h os p h or yl ati o n i n t h e l ys os o m es.  T his r es ult a gr e es  wit h t h at
of P A P l o c aliz e d i n l ys os o m e. 3 8

W e c o c ult ur e d t h e  m C R P C c ells ( e. g.,  V C a P or P C 3 ) a n d t h e
ost e o bl ast  mi mi c c ells ( S a os 2 ) i n a 1: 1 r ati o t o cr e at e a  mi m eti c
b o n e  mi cr o e n vir o n m e nt a n d t est e d t h e e ffi c a c y of 1 P .  As s h o w n
i n Fi g ur e 3 A, aft er b ei n g i n c u b at e d  wit h 1 P f or 2 4 h, t h e vi a bilit y
of S a os 2 or  V C a P c ells is 1. 6 % a n d 4 1. 3 %, r es p e cti v el y.  T h e c ell
vi a bilit y of t h e c o c ult ur e of S a os 2 a n d  V C a P is 1. 9 % aft er a d di n g
1 P i n t h e c o c ult ur e. Si mil arl y, 2 P i n hi bits  V C a P  m or e e ff e cti v el y
i n t h e c o c ult ur e.  M or e o v er, Fi g ur e 3 B s h o ws t h e vi a bilit y of P C 3
c ells, aft er b ei n g i n c u b at e d  wit h 1 P or 2 P i n t h e c o c ult ur e of P C 3
a n d S a os 2, is si g ni fi c a ntl y l o w er t h a n t h at of P C 3 c ells al o n e.
T h es e r es ults s u g g est t h at S a os 2 i n t h e c o c ult ur e si g ni fi c a ntl y
e n h a n c es t h e i n hi bit or y a cti vit y of 1 P or 2 P a g ai nst  V C a P or
P C 3 c ells. Fl u or es c e n c e i m a gi n g r e v e als t h e c ell ul ar u pt a k e of 1 P
b y  V C a P or P C 3 c ells ( Fi g ur es 3 C, D, S 1 3 − S 1 5 ).  T h e
fl u or es c e n c e i n t h e  V C a P or P C 3 c ells i n cr e as es f ast er i n t h e
c o c ult ur e t h a n b ei n g c ult ur e d al o n e.  T h es e r es ults i n di c at e t h at
S a os 2 c ells, i n t h e c o c ult ur e, b o ost t h e c ell ul ar u pt a k e of 1 P or
2 P b y  V C a P a n d P C 3 c ells, t h us l e a di n g t o  m or e e ff e cti v e
i n hi biti o n of  V C a P or P C 3 c ells.

W e us e d cr y o- E M a n d d et er mi n e d t h e hi g h-r es ol uti o n
n a n ot u b e str u ct ur es of b ot h 1 at p H 7. 4 a n d 1 P at p H 5. 6
( Fi g ur es S 1 6 A a n d S 1 7 A ). P ossi bl e h eli c al s y m m etri es  w er e

c al c ul at e d fr o m t h e a v er a g e d p o w er s p e ctr u m of b o x e d fil a m e nts
( Fi g ur es S 1 6 B a n d S 1 7 B ) a n d t h e c orr e ct o n es  w er e f o u n d. 3 9

T h e n a n ot u b es of 1 a n d 1 P h a v e al m ost i d e nti c al di a m et ers
( Fi g ur e 4 A, B ) a n d h eli c al s y m m etri es ( Fi g ur e 4 C, D, T a bl e S 1 ),
wit h ar o m ati c ri n gs h el d t o g et h er b y e xt e nsi v e pi-st a c ki n g
i nt er a cti o ns (Fi g ur e 4 E ).  T h e  N B D  m otifs p oi nt t o t h e c e nt er

Fi g ur e 2. ( A ) I C 5 0 of 1 P i n c u b at e d  wit h S a os 2, SJ S A 1,  V C a P, P C 3, a n d  H e p G 2 c ells. ( B ) I nst a nt c ell e ntr y of 1 P ( 1 0 0 μ M ). ( C ) I ntr a c ell ul ar
distri b uti o n of 1 P ( 5 0 μ M ) i n S a os 2, SJ S A 1,  V C a P, a n d P C 3 aft er 4 h i n c u b ati o n.  R e d arr o ws i n di c at e t h e  m ar k er, gr e e n arr o w i n di c at es 1 . Y ell o w
i n di c at es t h eir c ol o c aliz ati o n.

Fi g ur e 3. Vi a biliti es of c ells tr e at e d b y 1 P ( 1 0 0 μ M ) or 2 P ( 5 0 μ M ) i n
( A ) S a os 2,  V C a P, a n d t h e c o c ult ur e of S a os 2 a n d  V C a P a n d i n ( B )
S a os 2, P C 3, a n d t h e c o c ult ur e of S a os 2 a n d P C 3.  T h e  m e a n
fl u or es c e n c e i nt e nsiti es of 1 P ( 5 0 μ M ) i n ( C )  V C a P a n d t h e  V C a P
c o c ult ur e d  wit h S a os 2- Ds R e d a n d ( D ) P C 3- Ds R e d c ells a n d t h e P C 3-
Ds R e d c o c ult ur e d  wit h S a os 2 ( e a c h li n e r e pr es e nti n g o n e c ell ).
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a n d t h e bi p h e n yl gr o u ps c o nstit ut e t h e p eri p h er y of t h e
n a n ot u b es.  T h e a bilit y of 1 P t o f or m n a n ot u b es at p H 5. 6 is
c o nsist e nt  wit h t h e l ys os o m al a c c u m ul ati o n of 1 P ( Fi g ur e 2 A, C )
a n d its i n cr e as e d a cti viti es a g ai nst  V C a P a n d P C 3 c ells aft er 4 8 h.

I n s u m m ar y, t his  w or k r e p orts a n e w cl ass of EI S A s u bstr at es
t o f or m n a n ot u b es f or e ff e cti v el y killi n g ost e o bl ast  m o d el c ells
a n d  m C R P Cs i n a  mi m eti c b o n e  T M E.  T h e t o xi cit y of 1 a n d 2 t o
P N T 1 A i m pli es t h at n a n ot u b es of 1 or 2 li k el y r es ult i n c ell
d e at h. It ill ustr at es t h e d u al t ar g eti n g  m o d e- of- a cti o n of EI S A
s u bstr at es,  w hi c h pr o mis e t o kill b ot h c a n c er a n d ost e o bl ast c ells
at b o n e  T M Es.  Alt h o u g h t h e d et ail e d  m e c h a nis m of a cti o n of
EI S A of 1 P or 2 P i n t h e c o c ult ur e r e m ai ns t o b e el u ci d at e d, usi n g
t h e e nz y m ati c f e at ur e of  T M Es t o b o ost c ell ul ar u pt a k e of EI S A
s u bstr at es i n  m C R P Cs pr o mis es a n e w  w a y t o t ar g et  T M Es of
m C R P Cs.  T h e a p pr o a c h r e p ort e d h er e s h o ul d b e a p pli c a bl e t o
ot h er a g gr e g ati o n- pr o n e s m all  m ol e c ul es or dr u g c a n di-
d at es, 2 4 ,4 0 w hi c h  m a y l e a d t o  m or e e ff e cti v e EI S A s u bstr at es
f or t ar g eti n g  T M Es of ot h er  m et ast ati c c a n c ers.

■ A S S O CI A T E D  C O N T E N T

*sı S u p p orti n g I nf or m ati o n
T h e S u p p orti n g I nf or m ati o n is a v ail a bl e fr e e of c h ar g e at
htt ps: / / p u bs. a cs. or g / d oi / 1 0. 1 0 2 1 /j a cs. 2 c 0 5 4 9 1 .

M at eri als a n d d et ail e d e x p eri m e nt al pr o c e d ur es,  T E M
a n d  C L S M i m a g es, c ell vi a biliti es, c h e mi c al str u ct ur es of
t h e c o m p o u n ds (P D F )

C o or di n at es of t h e cr y o- E M str u ct ur es ( P D B )

C o or di n at es of t h e cr y o- E M str u ct ur es ( P D B )

■ A U T H O R I N F O R M A TI O N

C orr e s p o n di n g  A ut h or s
J er- Ts o n g  Hsi e h − De p art me nt of  Ur ol ogy, S o ut h wester n

Me dic al  Ce nter,  U ni versity of  Te x as,  D all as,  Te x as 7 5 2 3 5,
U nite d St ates ; E m ail: jt. hsi e h @ uts o ut h w est er n. e d u

E d w ar d  H. E g el m a n − De p art me nt of Bi oc he mistry a n d
M olec ul ar  Ge netics,  U ni versity of  Virgi ni a,  C h arl ottes ville,
Virgi ni a 2 2 9 0 8,  U nite d St ates; or ci d. or g / 0 0 0 0- 0 0 0 3-
4 8 4 4- 5 2 1 2 ; E m ail: e g el m a n @ vir gi ni a. e d u

Bi n g  X u − De p art me nt of  C he mistry, Br a n deis  U ni versity,
W alt h a m,  M ass ac h usetts 0 2 4 5 3,  U nite d St ates; or ci d. or g /
0 0 0 0- 0 0 0 2- 4 6 3 9- 3 8 7 X ; E m ail: b x u @ br a n d eis. e d u

A ut h or s
M ei h ui Yi − De p art me nt of  C he mistry, Br a n deis  U ni versity,

W alt h a m,  M ass ac h usetts 0 2 4 5 3,  U nite d St ates; or ci d. or g /
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F e n g bi n  W a n g − De p art me nt of Bi oc he mistry a n d  M olec ul ar
Ge netics,  U ni versity of  Virgi ni a,  C h arl ottes ville,  Virgi ni a
2 2 9 0 8,  U nite d St ates; or ci d. or g / 0 0 0 0- 0 0 0 3- 1 0 0 8- 6 6 3 X

W ei yi  T a n − De p art me nt of  C he mistry, Br a n deis  U ni versity,
W alt h a m,  M ass ac h usetts 0 2 4 5 3,  U nite d St ates; or ci d. or g /
0 0 0 0- 0 0 0 1- 5 3 1 6- 8 2 7 8

C o m pl et e c o nt a ct i nf or m ati o n is a v ail a bl e at:
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N ot e s
T h e a ut h ors d e cl ar e n o c o m p eti n g fi n a n ci al i nt er est.
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