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ABSTRACT

The “endo-symbiotic theory of mitochondrial evolution” states that mitochondrial
organelles evolved from engulfed aerobic bacteria, after millions of years of symbiosis
and adaptation. Here, we have exploited this premise to design new antibiotics
and novel anti-cancer therapies, using a convergent approach. First, virtual high-
throughput screening (VHTS) and computational chemistry were used to identify novel
compounds binding to the 3D structure of the mammalian mitochondrial ribosome.
The resulting library of ~880 compounds was then subjected to phenotypic drug
screening on human cancer cells, to identify which compounds functionally induce
ATP-depletion, which is characteristic of mitochondrial inhibition. Notably, the top ten

SKLW™ FRPSRXQGY GH¢{QH IRXU QHZ FODVVHV RI PLWRFKRQGULDO LQKLELWRUYV

validated that these novel mitochondrial inhibitors metabolically target mitochondrial

UHVSLUDWLRQ LQ FDQFHU FHOOV DQG HNHFWLYHO\ LQKLELW WKH SURSDJDWLF

cells invitro . Finally, we show that these mitochondrial inhibitors possess broad-
spectrum antibiotic activity, preventing the growth of both gram-positive and gram-

negative bacteria, as well as C. albicans D SDWKRJHQLF \HDVW 5HPDUNDEO\ WKHVH QRY
DQWLELRWLFY DOVR ZHUH HNHFWLYH DJDLQVW PHWKLFLOOLQ UHVLVWDQW 6

(MRSA). Thus, this simple, yet systematic, approach to the discovery of mitochondrial
ribosome inhibitors could provide a plethora of anti-microbials and anti-cancer
therapies, to target drug-resistance that is characteristic of both i) tumor recurrence
and ii) infectious disease. In summary, we have successfully used vHTS combined
with phenotypic drug screening of human cancer cells to identify several new classes
of broad-spectrum antibiotics that target both bacteria and pathogenic yeast. We
propose the new term “mitoriboscins” to describe these novel mitochondrial-related

DQWLELRWLFV 7KXV IDU ZH KDYH LGHQWL¢{HG IRXU GLNHUHQW FODVVHV RI P
as: PLWRULERF\FOLQHV PLWRULERP\FLQV PLWRULERVSRULQV DQG
+RZHYHU ZH EURDGO\ GH¢{QH PLWRULERVFLQV DV DQ\ VPDOO PROHFXOH V RU S

bind to the mitoribosome (large or small subunits) and, as a consequence, inhibit
mitochondrial function, i.e., mitoribosome inhibitors.
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INTRODUCTION YLUWXDO KLIJIK WKURXJKSXW VFUHHQL
this computational chemistry approach with phenotypic
Evidence is accumulating that increased GUXJ VFUHHQLQJ DOORZLQJ IRU WKH
mitochondrial biogenesis may play a critical role in the  and validation of novel compounds targeting mammalian
successful propagation and maintenance of the cancer PLWRULERVRPHV 7KH DELOLW\ RI W
stem-like cell (CSC) phenotype [1-9]. inhibitors to functionally prevent oxygen-consumption and
$QDO\WLV RI WUDQVFULSWLRQD@DGWR%]@L@U]RGEE’\W)LRQRZDDV DOVR GHP/|
human breast cancer sampliis<(28 patients) revealed AX[ DQDO\WLV ORVW LPSRUWDQWO\
that > 95 mRNA transcripts associated with mitochondrial LQKLELWRUV HUHFWLYHO\ EORFNHG Wk
biogenesis and/or mitochondrial translaton are SUHGLFWHG SURYLGLQJ SURRI RI FRQF
VLIQL,FDQWO\ HOHYDWHG LQ FDQFHU FHOHUHVIWL @ R®\S XHHZEO ¥ RWMKRZ WK
DGMDFHQW VWURPDO WLVVXH > QL GKHPHLWREW\EHKIRMHVRMVHURDG VSHF
95 upregulated mRNA's encode mitochondrial ribosomal  is consistent with the well-established hypothesis that
proteins (MRPs) [11]. MRPs are the functional subunits ~ mitochondria originally evolved from the engulfment of
Rl WKH PLWRFKRQGULDO ULERVRPHUVHPRWIRRUEBRWRIRKHD DFKIUPER[LPDWHO\
DUH UHVSRQVLEOH IRU WKH PLWRFK®RQGGHKLY & DWVUIDRBSRIDVMWOLQRW LFASOLFDWL
protein components of the OXPHOS complex encoded by ~ combating the development of antibiotic-resistance.
PLWRFKRQGULDO '1$ ,Q WKLV FRQWH[W 0536 JHQH SURGXFWYV
DUH XVHG WR IRUP WKH VPDOO VXERESUWTBI WKH PLWRULERVRPH
while MRPL gene products are used to generate the large
subunit of the mitoribosome [12-15].

ORVW RI WKHVH PLWRULERYV RRploiting the ¥ bl RiorRabyIrélationship between
transcripts were elevated between 2- to 5-fold in human  pacteria and mitochondria. to drive the discovery

EUHDVW FDQFHU FHOOV LQFOXGLS&H}%WX{M@M&'&%r%{ila?frmﬁ-&’a\’]cé?hg‘é/ﬁfs*'

0536 JHQH IDPLO\ 6 6 6 6
6 $ 6 % 6 6 6 6 6 6 6 6 DQG
QLQHWHHQ PHPEHUV Rl WKH 053/ JHQH IBEKHO®(RGR V\PELRWLF 7KHRU\ RI (
/ / / / / / / / / / / Evolution” states that mitochondria originally evolved
/ / / / / > @ from aerobic bacteria that were incorporated into
Proteomic analysis of human breast cancer stem- HXNDU\RWLF FHOOV > @ GXULQJ |
OLNH FHOOV DOVR UHYHDOHG WKHDGRYWDOMILRR RMHYUHSUHERQROQVWHQ
Rl VHYHUDO PLWRULERVRPDO SUR Wavelregently ghowik th@ vertgip glasses of well-known
DQG 053/ DQG RWKHU SURW H Laptbioticy Yhet Anhibi\oaateriat lpkatein synthesis [29-
PLWRFKRQGULDO ELRJHQHVLV +63%$ @ 7F00Q$DOYR EH XVHG WR VXFFHVVIX
+63' >D ND +63 @ 76)0 78)0 > @ SWPBWHWD MPQVODWLRQ HVSHFLDOO
IXQFWLRQDO LQKLELWLRQ Rl PLWRFRROGUWPLD® ELRIJHQHVLV XVLQJ
WKH Ru WDUJHW HuUHFWV RI FHUWDLQ EREWMBURWWONV IFROQO WU EHRWRIL FW K
HUHFWLYHO\ DEODWHG WKH SURSDJORKIRE DRIVR e8H/ WUZEH ORUH VSHFL¢
FHOO OLQHV UHSUHVHQWLQJ  GL umitochapeial wotanRrranskatios shauld @0 possgssy anti-
'&,6 SURVWDWH RYDULDQ SDQFUHPBPWHRERBXDQ DFYWOLDYDWADHHME WR WHV)
JOLREODVWRPD > @ 9LUWXDOO\ Z8B HOWHIG- DVOKHHNRB WY ZHVW DX-WRX U H
obtained with E R Q DQXPHOS inhibitors (pyrvinium mitochondrial ribosome (large subunit) to identify novel
SDPRDWH DQG DWRYDTXRQH SEFRPSE®XQL VDS W IEFR@BOWR LW LQ WK
complementary evidence that functional mitochondria ~ WKURXJKSXW \VrFsili¢ct Hr@LsQd&enibg}Once
DUH UHTXLUHG IRU WKH SURSDJDW ISSROWR R W4 &\ >E L Q @L Q7D M QW KN QZ H U
WRJIJHWKHU WKHVH SUHOLPLQDU\ V\\hese 8392 vorgpguRrasIVere syijgatedQo-phenatypio drug
evidence that the development of novel mitoribosome  screeningn vitro, to select positive hits that functionally
LQKLELWRUV PLJKW EH D EHQH¢FLDQ@ ®ESHIRBFER GRS OHRWHL RR U 0&) KXF
HUHFWLYH WUHDWPHQW RI FDQFHU SEHOLHMOWASSUR[LPDWHO\ RI FHOOXO
S5HFHQWO\ WKH ' VWUXFWXUHWHRIHERWHKG WKR;3BO I PLWRFKRQGUL
6 DQG WKH VPDOO 6 VXEXQLWs\aWRIid sukogate markerap michondrial inhibition.
PLWRULERVRPH 6 KDYH EHHQ UHVRB¥HE&EHU RERODBRRIRYQPGY GHSOHWLC
for the rationale molecular design of mitoribosome prominent cytotoxicity were selected for further analysis.
inhibitors. 7KHVH SRVLWLYH KLWV ZHUH WKHC
+HUH ZH XVHG WKH NQRZQ ' VWUXGIWXDWLRIQW KN LQDUWHKH 6HDKRUVH |
6 PDPPDOLDQ PLWRULERVRPH DV WRWIORQHAW WK HHUPRHFKDQLVP RI DFV
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LQKLELWRUV )LQDOO\ WKHVH QRYHRPBOPRWRRXQGN ZBVY H WMAHH\FWHIG E\ PDL(

on six distinct bacterial and/or yeast strains to investigate cell attachment.

LI WKH\ SRVVHVV DQWL PLFURELDO DOempaisan/dithe Themical Biidiued @ these top

H[SHULPHQWDO VWUDWHJ\ LV RXWOLQHW®NFRX@OGW ILFEDHOIOWV IVH B ARGA uHUHQ\

GLDJUDP LQ )LJXUH RQ VWUXFWXUDO VLPLODULWLHYV ZKLF
7KUHH FRPSRXQGV IDOO LQWR *URXS

,GHQWL,{FDWLRQ DQG YDOLGDWLRQRXISQRWAR FRAIRNUERUM RURXS C

the large mitochondrial ribosome LQ *URXS
7R YDOLGDWH WKH K\SRWKHVLV W
DOVR WDUJHW FDQFHU VWHP OLNH FH
7KH UHVXOWLQJ

FRPSRXQGV g EbmpdddWn Yatdndl ’bF el Gbility to inhibit

to phenotypic drug screening at a concentration of 50 PPRVSKHUH IRUPDWLRQ LQ 0&) FH

—0 WR LGHQWLI\ ZKLFK FRPSRXQGV gXQF Wit RQPREPI RAFIF HVHVWH G VL J
$73 GHSOHWLRQ EHIRUH LQGXFLQJ B B RN HE XEYFIWHIRW Obw D FRO

positive hits were re-screened at lower concentrations (25
—0 DQG —0 WR LGHQWLI\ WKH WRS FRPSRXQGV WKDW
PRVW SRWHQWO\ LQGXFHG $73 GHSOHWLRQ
BHVXOWYV IURP WKH $73 GHSOHWLRQ DVVD\ IRU WKH WRS
KLWV LGHQWL{HG IURP SKHQRW\SLF GUXJ VFUHHQLQJ DUH

VKRZQ LQ GHWDLO LQ )LJXUH %ULHA\ 0&) FHOOV ZHUH
treated with the hit compounds at 10 pM for 72 hours.

Hoechst staining showed cell viability based on DNA

VWDLQLQJ ZKLOH PHDVXUHPHQW RI $73 FRQWHQW UHYHDOHG WKH

HuHFW RI FRPSRXQGY RQ PHWDEROLF DFWLYLW\ GXULQJ WKH YHU\
same treatments. Compounds inhibiting mitochondrial

metabolism were selected for further analysis. Hoechst

VWDLQLQJ DQG $73 FRQWHQW ZHUH DOVR QRUPDOL]HG WR FRQWUROV

BHVXOWY ZHUH UDQN RUGHUHG DV LQGLFDWHG EDVHG RQ WKHLU

DELOLW\ WR HUHFWLYHO\ GHSOHWH $73 ZLWKRXW LQGXFLQJ RYHUDOO

Endo-symbiotic Theory of Mitochondrial Evolution

Millions of l D,\AntibiOﬁCS
Years Figure 2: Schematic diagram illustrating our overall
\/ drug discovery strategy, employing both in silico drug

discovery and phenotypic drug screening. 9LUWXDO KLJ
WKURXJKSXW VFUHHQLQJ Y+76 ‘H XVHG W
mammalian mitochondrial ribosome to screen a virtual collection of

Mitochondriaj

Endo-symbiosis: Mitochondria Evolved from Bacteria F R PSRXQGV DQG LGHQWL¢HG D VXEVH

_ — _ _ *ELQG” LQ VLOLFR 3KHQRW\SLF GUXJ VF!
Figure 1: The endo-symbiotic theory of mitochondrial compounds were then subjected to phenotypic drug screening at a

evolution: Implications for modern drug development. FRQFHQWUDWLRQ RI —0 WR LGHQWLI\ zZK

Note that mitochondria originally evolved from engulfed aerobic LQGXFH $73 GHSOHWLRQ EHIRUH LQGXFLQ
EDFWHULD GXULQJ PLOOLRQV RI \HDUYV pssitive Gitd BateDeAscreeQed it PRy coacenpalionR(R5 and 10
WKHVH ¢QGLQJV LV WKDW PDQ\ DQWLELRWLFWROGR QWRIZ WIKWMRWRE QGHIQ DR PSR XQC
VLGH HUHFWV DQG HUHFWLYHO\ EHKDYH BR3LOQHKEIEGHWRBEY RI PXWRWKRQGOLDPODOLGDWI
SURWHLQ WUDQVODWLRQ H J FKOR UD PISKRMKIHR & D QKD W H & XIVE\FD P & WD DRYGBL F A X
WKH HU\WKURP\FLQV &RQYHUVHO\ LI HHHEWNQRMLR[\WWERLERYRXIR'SWLRQ WR HVWL
PLWRFKRQGULDO SURWHLQ WUDQVODW L&iyityK Mangnbsphere RBay4. ([bQasse$snQ poteriiad Binti-eiancer
GUXJV VKRXOG DOVR VKRZ DQWL PLFU R EsténCeel) Bofivityy and celBEvialilbyYassgys Beve @ISoYcarded out.
DQWLELRWLFV 7KLV ZRXOG SURYLGH D )@RD WK H WIKSHWWR EFWWKWH BIWARIR SIRXQGYV ZHU
HVFLHQWO\ JHQHUDWLQJ QRYHO GUXJV WKW YWWUJIJW R GERWHUPLWQRAKRBIGWPDQLP XP
DQG EDFWHULD DV ZHOO DV SDWKRJH Q laRd thepweve cormparedlisigevby-side with known antibiotics.

www.impactjournals.com/oncotarget 3

Oncotarget



JLIXUH JRU H[DPSOH * *URWR DVVHGXPMIGHLU IXQFWLRQDO HuUHF
mammosphere formation by 50% at this concentration. 0&) FHOO PRQROD\HUV DQG QRUPDO
6LPLODUO\ ) *URXS DQG ' KIRXS % - BRWIKOV JLIXUH ,QWHU
reduced mammosphere formation by ~90%. *URXS UHGXFHG WKH YLDELOLW\ RI

%DVHG RQ WKLV DQDO\VLV ZH QHPR YHOHFWHGLRY RS KEWV+RZHYHU

Figure 3: Comparison of the top 10 hits using the ATP-depletion assayKH WRS WHQ KLWV ZHUH DOO HYDOXD
—0 WR GHWHUPLQH WKHLU UDQN RUGHU SRWHQF\ IRU WKHLU DELOLW\ WR GHSOF

RI DW —0 IRU KRXUV +RHFKVW VWDLQLQJ VKRZHG FHOO YLDELOLW\ EDVHG RQ '
HuUHFWV RI WKH FRPSRXQGY RQ PHWDEROLF DFWLYLW\ &RPSRXQGV WDUJHWLQJ WKH
FROQWHQW ZHUH QRUPDOL]JHG WR FRQWUROV 5HVXOWY DUH VKRZQ DV PHDQ “ 6(0

Top 10 Hit Compounds

Cl
Group 2. MG e d) _ e) e . cl
He— S /) ne
_ H,C (s}
N/ HO N— 0 " ©
HO, b - =
@A NN DI
NS _ N A
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Figure 4: Chemical structures of the top 10 hits7KH PRVW SURPLVLQJ WRS KLWV Rl WKH SKHQRW
LQWR JURXSV EDVHG RQ FKHPLFDO VWUXFWXUH *URXS D ( %', E *

,Q WKLV JURXS ZH IRFXVHG RQ FKDUDFWHUL]JLQJ WKH DFWLYLW)\ RI * *URXS G

+ %'+ DQG J % %"+ ,Q WKLV JURXS ZH IRFXVHG RQ FKDUDFWHUL
%'+ DQG L + %" * ,Q WKLV JURXS ZH IRFXVHG RQ FKDUDFWHUL]L(
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WKH YLDELOLW\ RI K7(57 %- FHOOV Z®BQ WHVWHGXBW WKOGIOVIBARVH GHSHQ
FRQFHQWUDWLRQ 7KXV LW LV SRVVREWRFKRQGUHIODNL I RFRPRKBRGVWXP SWLR
VXFK DV * WKDW SUHIHUHQWLDOQ@WLWRUJHW EBLEQYI DRQIGH3 PROW SRWHQW
FDQFHU FHOOV EXW QRW QRUPDO (BERBEODYPWWUH * UHGXFHG $73 OHYH
1H[W ZH SHUIRUPHG IXQFWLRQDERYPOQ®DWWR K QR R WRKMO\ Q0 ,Q DGC
WRS KLWV XVLQJ WKH 6HDKRUVH $@DDQ0HYH®AR EN XD Q WIW D WHYH QLI XUH
measure oxygen consumption rate (OCR) and extracellular WUHDWPHQW ZLWK * DW WKH VDPL!
DFLGL{FDWLRQ UDWH (&%$5 2&5 LV OLWKWORJIJPWH) RDHUINHWIRQY WKH RYHUL

OXPHOS and ECAR is a surrogate marker for glycolysis PRQROD\HUV )LJXUH 7TKHUHIRUH
and L-lactate production. GHSOHWHG $73 OHYHOV ZLWKRXW
$V SUHGLFWHG * *URXS cytptoxitity.R X S
,(QWHUHVWLQJO\ * LQGXFHG D
JO\FRO\VLYVY UDWHYV E\ ! IROG ZKLOH

VXSSUHVVHG JO\FRO\VLV 7KLV FRXOG

' ZHUH PRUH SRWHQW WKDQ * LQ
DVVD\ ZKHUH ) DQG " ERWK UHGXF
IRUPDWLRQ E\ a DW D FRQFHQWUDWL
7KH UDQN RUGHU SRWHQF\ RI WKH WRE
WR UHGXFH L PD[LPDO UHVSLUDWLRQ |
VKRZQ LQ )LIJXUH IRWH WKDW WKH W

UHJDUG ZHUH  * % + ) (
+ ZLWK * EHLQJ WKH PRVW SRWHQ
UHGXFWLRQ LQ $73 OHYHOV DW —0

$V (07 DQG FHOO LQYDVLRQ DUH St

DVVRFLDWHG ZLWK 3VWHPQHVV’  DQG Gl

ZH DOVR HYDOXDWHG WKH HUHFWV RI

DELOLW\ RI DQRWKHU PRUH DJJUHVVLY

JLIXUH (UHFWV Rl WRS KLW GBPEBXQG@EVOMRQ WR XQGHUJR FHOO P
PDPPRVSKHUH IRUPDWLRQ UHSUHVHQMWRQY wiedwHUHQW * pQGc ) DOO

structural groups or classesNote that 5 of the 7 compounds PLJUDV\/LRQ E\ ! DW D FRQFHQWUDW
HYDOXDWHG VLJQL¢(FDQWO\ LQKLELWHG PD® IRUPPWRARE® DSSHDUV \

D PHDVXUH RI FDQFHU VWHP FHOO DFW Y WF}’LQ/WQDJ |§|Qfl-t9|j(\/[5J@VﬁLF\RFQSﬁIXQG DV 1L
—0 &RPSRXQGV ) ' DQG * ZHUH
HUHEWLYH ZLWK DO & oo sHvxow? BHAHWER] P &Y% LA/ FOQFHU FHOOV
“ 6(0n p
A B
120 MCF?7 Viability hTERT-BJ1 Viability
m23/Ga

100 m24/F9
O24/pa

m23/Ga
m24/F9
O2a/pa

80
80 4

60
60 -

Cell viability (% vs. control)
Cell viability (% vs. control)

20 20

0 0 4
Control 0.25 UM 0.5 UM 1pM  25pM 5pM 10 pM Control 025uM 0.5pM 1pM  25pM SpM 10 pM

JLIXUH (UHFWV RI WRS KLW FRAR IR X KXY DRYQE BH DB/ YRIMEHHME AMRORFDO KXPL
¢(EUREODVWY 7KH 65% DVVD\ ZDV SHUIRUPHG DIWHU KRXUV RI WUHDWPHQW 1R
+RZHYHU DW WKH VDPH FRQFHQWUDWLRQ * UHGXFHV WKH YLDELOLW\ RI 0&) EL
VHOHFWLYLW\ IRU FDQFHU FHOOV nSHVXOQWYV DUBH VKRZQ DV PHDQ “ 6(0
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JLIXUH (UHFWV RI FRPSRXQG * RQ WKH PHWDEROLF DOx\Wdn ¥Yohdhptied 0&) K
UDWH 2&5 DQG H[WUDFHOOXODU DFLGL,{FDWLRQ UDWH (&$5 ZDV PHDVXUHG XVLQ.
QRUPDOL]HG WR SURWHLQ FRQWHQW 65% DVVD\ 1RWH WKDW * WUHDWPHQW UH(
as 500 nM (seepanal E\ PDUNHGO\ GHFUHDVLQJ EDVDO DQG PD[LPDO OHVBLHDWRRQW DAL &K
highest dose (2.5 uM) resulted in increased glycolysis (p&ds 0&) FHOOV ZHUH WUHDWHG ZLWK * FRPSR:
DUH VKRZQ DV RHDQp“ 6(0 p p

JLIXUH (UHFWV RI FRPSRXQG ' RQ PHWDEROLF DFW LO&yg¥v \coRsumPt&ay) K XP D
UDWH 2&5 DQG H[WUDFHOOXODU DFLGL¢{FDWLRQ UDWH (&$5 ZDV PHDVXUHG XVL
ZHUH QRUPDOL]HG WR SURWHLQ FRQWHQW 65% DVVD\ 1RWH WKDW WUHDWPHQW
mitochondrial respiration (see panAlsC. 7KH VDPH GRVH VLJQL,{FDQW®G\DJUHG®G & F HEH DM\ RZGIWH. WV L SHD )\
FRPSRXQG " IRU KRXUV B5HVXOWN DUP VKRZ@ DV PHDQ “ 6(0
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7TDEOH *UDP 3RVLWLYH %DFWWHULDO $QWLELRWLF 6HQVLWL

7KH DQWL EDFWHULDO DFWLYLW\ RI WKUHH KLW FRPSRXQGYV ) ' DQG
GLUHUHQW JUDP SRVLWLYH EDFWHULDO VWUDLQVY 6WDSK DXUHXV DQG 6W!I

FHOOV )LJXUH $OVR * LV WikatHthe3d&rnéwmitSdRANdHaDiltibitots Would also behave
FRPSRXQG WKDW HUHFWLYHO\ UHGashole aftibitiedFKRQGULDO $73

OHYHOV DQG LQGXFHV JO\FRO\VLV ORRWHPWRVMKLYQWORWRMKMMLY GLUHFW
results provide the necessary proof-of-concept that new FRPSRXQGV ) ' DQG * DQG HJ[L
PLWRFKRQGULDO LQKLELWRUV F D Qarfidhictoidebdctyiy aganstivid Qrens pbdSitive Bacterial
combiningin silico drug design with phenotypic drug strains GWDSK DXUHXV DQxangvhi¢éelS S\R

screening. gram-negative bacterial straing ( FROL 3 DHUXJLQ
SQHXPR@MDHAHHOO DV WKH SDONKRJHQI

Novel mitochondrial inhibitors function as broad- albicans

spectrum antibiotics 7KH LQKLELWLRQ UDWLRV RI WKH

DIJDLQVW SDWKRJHQLF VWUDLQV ZHL
_ o _ GLOXWLRQ 7KH DYHUDJH RI WKUHH L.
As mitochondria orlglnally evolved from aerobic PHDVXUHPH WV ZDV EFRPSDUHG DJDLQ

EDFWHULD RYHU PLOOLRQV RI \HDUV R/ % ROKW LRQE \Zdd pA&HF PRI IRE

www.impactjournals.com/oncotarget 7 Oncotarget



7TDEOH *UbDP 1HIDWLYH %DFWHULDO $QWLELRWLF 6HQVLWLYLW\

7KH DQWL EDFWHULDO DFWLYLW\ RI WKUHH KLW FRPSRXQGV ) ' DQG
GLUHUHQW JUDP QHJDW.lcdiH EMHNVWKULRAEWDNUDEQMXPRQLDH 6 VHQVLWLYH
VvV 0

7TDEOH OLQLPXP ,QKLELWRU\ &RQFHQWUDWLRQ , & %DFWHULDO 6WUD

7KH DQWL PLFURELDO DFWLYLW\ Rl WKUHH KLW FRPSRXQGV ) ' DQG
GLUHUHQW EDFWHULDO VWUDLQHE cof\V8DB KU R XIUHRKWD 6)\rs i pBhER@riIpeasy
fungus C. albicans 1RWH WKDW FRPSRXQG * VKRZHG WKH JUHDWHVW EURDG VSt
FRPSRXQG ) DQG '

www.impactjournals.com/oncotarget 8 Oncotarget



JLQDO LQWHUSUHWDWLRQ RI W KitHs fostDI¥ ¥ JuddessQINwuse Hhi@ Del OrbigGliscovery
all of the bacterial strains tested to be grouped intothree VWUDWHJ\ HPSOR\LQJ KXPDQ FDQFHU
FDWHJRULHY G6HQVLWLYH ,OWHUPBQWILWHRWQBYV 5MK/DLWWDQ@QWWDDMHW GU)
VXPPDUL]JHG LQ 7DEOH DQG 1R JMRSEWK LQKLELWLRQ ZDV
VHHQ LQ WKH FRQWURO '062 GDWD QRW VKRZQ 7DEOHV DQG

LOOXVWUDWH WKDW DOO ¢(YH EDFWHISEDOSYWWDLQY WHVWHG DUH VHQVLW|

WR WKH KLW FRPSRXQGV ) ' DQG *

7KHUHIRUH LQ RUGHU WR GHWHUPLQH WKH PLQLPDO

LQKLELWRU\ FRQFHQWUDWLRQ 0,&pidfRlery of the mltorFBQs@ins targetlng the
*  WKH EURWK GLOXWLRQ PHWK%% Iﬁfﬁd’n @#bg
H[SHFWHG WKH 0,& GHWHUPLQDWLR V HUH LQ JRRG
DJUHHPHQW ZLWK WKH GLVF GLUXVLRQ VXVFHSWLELOLW\ WHVW
7DEOH VKRZV WKH 0,& GHWHUPLQDWLR® WH VXD WD YREWDHG HOVDWH RI WK
FRPSDUHG WR NQRZQ DQWLELRWLFV ciemtryQw veleat evelvaanpaunds tha pinoH the 0
strains andC. albicans ,PSRUWDQWO\ QRWH WKBWURPFMERKH &RI WKH ODUJH VXEXQI
* VKRZHG WKH JUHDWHVW EURDGPVWRFWRRE WAL VLERWDORORH 2XW RI W
SRWHQF\ DV FRPSDUHG ZLWK FRPSRWHEWHG) DEBUR[LPDWHO\ VKRZHG
YLQDOO\ 7DEOH VKRZV WKDW \CHWRBLRJOD LIQL WHVDWHMDRIW 7R YDOL
6WDSK\ORFRFFXV DXUHXV 056% L Vvallity tmargeHnagtachondrin Mvov 2H QH[W SHUIRUF
* DQG ! ‘H FRQ:;UPHG WKDW W Kphgnoiadnug Gereenirgsrelguman breast cancer cells
ZDV LQGHHG UHVLVWDQW WR DPR[LPEOEBOOV SBWIGQF WHKEV TKXSURDFK

JLIXUH (UHFWV RI FRPSRXQG ) RQ PHWDEROLF DFW IOYXygal toRUmti&n) KX P D
UDWH 2&5 DQG H[WUDFHOOXODU DFLGL,{FDWLRQ UDWH (&$5 ZDV PHDVXUHG XVL(
ZHUH QRUPDOL]HG WR SURWHLQ FRQWHQW 65% DVVD\ 7UHDWPHQW ZLWK FRPSRX
UHVSLUDWLRQ ZKLFK ZDV KLAXIHNbiorDoWglycolysis@vasSdet€cté@after treatment at the highest concentration

—0 RI ) 0&) FHOOV ZHUH WUHDWHG ZLWK FRPSRXQG )nNIRU p KRXUV B5HVX(
p p
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KLW FRPSRXQGV WKDW HuH* WLKRIZH GG QRO FWMHREW R[LFLW\ DJDLQ
FHOOXODU $73 OHYHOV 7KHVH WRS ¢(EUWBF®RPBWXQGWYHZGUHWBEKHERQFHQWUD
VXEMHFWHG WR IXUWKHU YDOLGDWLRDQ¥WIUQB HDKOH YA HDIEK WU WH E)\H! )LIXU
to measure mitochondrial oxygen consumption and WRS KLW FRPSRXQGV WKDW ZH LGHQWL¢
JO\FRO\VLV 7KLV DSSURDFK DOORZEG&XS/UWEDUDQYNRRUBHEG AWIXGNHHU FHOO |
WRS KLWV LGHQWLI\LQJ WKH FRPBRKUWIRGPRODDWWEHIPRMW OO\ ZH DOVR

SRWHQW IRWWRG KLW FRPSRXQGY DOVR EHKDYH D
LQKLELWHG PLWRFKRQGULDO $73 SWRGXFUWRRWKLRI GHOWKRODHOQLF EDFWHUL
ZLWK DQ ,& Rl DSSUR[LPDWHO\ Q0 DEH;PDUNDEIJIH DOVR HUHFWLYH I
JLIXUH &RPSDUDWLYH PHWDEROLF AX[ DQDO\VLV R A WaiHal VéRiGBtionBKLW FRF

$73 SURGXFWLRQ OHDVXUHPHQWV ZHUH PDGH DIWHU KRXUV RI WUHDWPHQW RI 08&
1RWH WKDW FRPSRXQG * PRVW VLJQL,FDQWO\ UHGXFHV ERWK L $73 SURGXFWLR(
FRQVXPSWLRQ UDWHV 2&5 ZHUH PHDVXUHG XVLQJ WKH 6HDKRUVH ;)H DQG WKH(
OD[LPDO UHVSLUDWLRQ DQG $73 OLQNHG UHVSLUDWLRQ GDWD ZHUH FDOFXODWHG
5HVXOWYV DUH VKRZ® DVPHDQ “6(0 P

YLIXUH (UHFWV Rl WRS KLW FRPSRBE® GV FRI® \HQKWUR LYEMMERB@G WR FHOC
* ) DQG ' DOO VLJQL,FDQWO\ UHGXFHG FHOO PLJUDWLRQ DW FRQFHQWUDWL
) LOQKLELWHG FHOO PLJUDWLRQ E\ ! DW D FRQFHQWUDWLRQ RI —0
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7TDEOH OLQLPXP ,QKLELWRU\ &RQFHQWUDWLRQV 0,& 056% YHUVXV |

7KH DQWL PLFURELDO DFWLYLW\ RI WKUHH KLW FRPSRXQGV ) "L
DOQWLELRWLFV XVLQJ WZR 6 WIHIKH QNRSEHDMRIN ¢l rd3iStanSEphD LQV R

D X U Mnd\WMSSA (methicillin-sensitve6 WD SK DRWHXWKDW 056% LV UHVLVWDQW WR L
as expected.

7KXV ZH SURSRVH WKH QHZ WHUP PIPRBEUW|ERWLLRYV V¥ROGHEHUUEH XLUHG W
WKHVH PLWRFKRQGULDO UHODWHG di@ymad B IdRpL mikochOmitibHIR €F0d antl K)Ho
FODVVHV RI PLWRULERVFLQV WKDWKODOD@®HWRHLEHREWWHKHRIZALKDRHRUJDQLYV
GHVLJQDWHG DV PLWRULERF\FOL @M ¥uncologkL &R UnifeEtR s\ Flls€ases respectively.
PLWRULERVSRULQV DQG PLWRULERAR{UYKHOHXVHRXU WHHVXOWYV SURYL!
JHQHUDOO\ GH¢QH PLWRULERVFLQV @minigleQhat\itisOp@sSiblE ® @lenkER Qe amikibtids to
ELQGVY WR WKH PLWRULERVRPH OD UM DR W DOODWKEEDHRLWVFVE DRWHDNVD DQG
D FRQVHTXHQFH LQKLELWY PLWRFK RQiGctidn In®umaQdaiiéér Rells as a simple phenotypic
$OWKRXIK WKH QRYHO FRPSRXQGNUWHKOWQZWREBBQWUXHE
KHUH DUH UHODWLYHO\ SRWHQW ZH HQYLVLRQ WKDW IXUWKHU

JLIXUH OLWRULERVFLQV )RXU QHZ FODYRHVWIUXEFMWMYBHFKRQGULDO)LQK'LBIQ
VKRZQ ZKLFK QRZ GH¢QH QHZO\ GLVFRYHUHG FODVVHV RI VPDOO PROHFXOHV 7KH
DQG IXQFWLRQDO PLWRFKRQGULDO LQKLELWRU\ DFWLYLW\ LQ KXPDQ FDQFHU FHOO)
RWKHU FODVVHV RI QHZ DQWLELRWLFY DV ZHOO QRYHO DQWL FDQFHU DJHQWYV :H
WKH PLWRULERVRPH ODUJH RU VPDOO VXEXQLWY WKLV ELQGLQJ DFWLYLW\ XOWLF
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The mitoribosins: therapeutic use to combat 0$7(5,%$/6 $1' 0(7+2'6
ageing and extend healthspan

,QWHUHVWLQJO\ JHQHWLF LQKL%IBWIﬁRUd‘QQQ\é’LWRFKRQGULDO
SURWHLQ WUDQVODWLRQ KDV DOVR EHHQ VKRZQ WR KDYH EHQH¢{FLDO
SVLGH HuHFWV" VXFK DV WKH HUHFWLYI&VOR@GQI ROWKH BPHOXDV ZHUH S
process and increased lifespan in model organisms. |[URP WKH $7&& $PHULFDQ 7\SH &XOW
+RXWNRRSHU HW DO VKRZHG* VEKRWE LOORZBI F MVOMOH P KROW XUH PHGLD
state levels of Mrps5 (a mitoribosomal protein) were ) ZDV SXUFKDVHG IURP /LIH 7THFKQRO|
strongly functionally correlated with longer murine FRPSRXQGV ZHUH FXVWRP VI\QWKHVL]H
OLIHVSDQ UHVXOWLQJ LQ D VLIQL¢(FEDPRWILQEHYUBVHDRIGAaFREIRX QG '
> @ ,Q DGGLWLRQ VHOHFWICYH NQARFPWNFXRINRRIVOQWKHVYRIHG E\ &KHP'LY |,
HOHIJGQQWPDWLFDOO\ LQFUHDVHG OLIHVSDQ ,PSRUWDQWO\

OUSV NQRFN GRZQ ZRUPV VKRZHG \Badt@rlatdnd RMuSstraiksH DV H YV
LQ PLWRFKRQGULDO UHVSLUDWLRQ DQG $73 SURGXFWLRQ > @
6LPLODUO\ NQRFN GRZQ RI WKH ZRUP KRPRORJV RI

PLWRFKRQGULDO FRPSOH[ , ,,, %LK@*\\)U ﬁWWé@ROL

7&$ F\FOH HQ]\PHV DOO UREXVWO\ H \Qh'%éa H Y &7 RQ AP G RPRQDV
LPSOLFDWLQJ UHGXFHG 2;3+26 DFW [[E LW&ES‘DOREW 5$*§\30RFRFFXV DXUH’
OHYHOV DV WKH PHFKDQLVP > @ EPYH BNRUEH XV 05

LQKLELWLRQ RI PLWRFKRQGULDO ELRJD\ﬁH W\‘f’“)@ % R\ﬁ W\R HRHAQ G
VLGH HUHFWV RI GR[\F\FOLQH DOVR D % B\WYRYLGHG E\
lifespan in & HOHID@WKXV ORZHU GRVH: ORJ\ 7KH PR JLVKHU = 7KH F
mitoriboscins could potentially be used to therapeutically OOHU +LQWRQ EURWK ,, 0+% "LIFR

WDUJHW WKH DJLQJ SURFHVV WR H[WR WE?(L’MKV]SgiEWIHJXBQIXVLRQ VR
YXUWKHU VWXGLHV ZLOO EH UHTXLUKNSEWROANYENRUH wk & MWRWK X B ¢Q

area of investigation.

9LUWXDO KLIJIK WKURXJKSXW VFUHH

Compounds were selected from a small molecule
VFUHHQLQJ FROOHFWLRQ RI FRPS
KLIK WKURXJKSXW VFUHHQLQJ Y+76
VFUHHQLQJ SURJUDP > @ WR LGHQWL
FRPSRXQGV EDVHG RQ SUHGLFWHG EI
ODUJH VXEXQLW 6 RI WKH PDPPDOLD
7R HVFLHQWO\ SHUIRUP WKH GRFNLQJ
was prepared spanning the entire protein structure and the
YLUWXDO OLEUDU\ GRFNHG DW HDFK R
VFRULQJ RI WKHVH WRS FRPSRXQ
XVLQJ $XWR'RFN > @ EDVHG RQ XVL
ELQGLQJ VLWH IRU HDFK FRPSRXQG SU|
screen. A total of 880 compounds performing well in these
analysis steps were then selected for phenotypic drug
screening.

Phenotypic drug screening, with a metabolic ATP-
Figure 13: Practical uses of the mitoriboscins: depletion assay
Targeting mitochondria. :H SURSRVH WKDW PLWRULERVFLQV ZLOO
be therapeutically useful for the treatment of a variety of human
GLVHDVHV LQFOXGLQJ FDQFHUV DQG LQIHFWMIRXFH®@B¥HVVHYV FFIX@MZHOO ZHL
SDWKRJHQLF EDFWHULD DQG IXQJL ,Q BOOPFNLROHRYW ¥RKWEWRPWH ZKDQ SODWHYV
mitoriboscins may be helpful in the context of chronological EHIRUH WUHDWPHQW 7KH UHVXOWLQ
DJLQJ IRU HLWKHU H[WHQGLQJ OLIHVEB® QRWL XKHG EW KWSIBQZ HIKKW KHQ VXEMHF
PLWRULERVFLQV ZLOO KDYH DQWL FDQRHUY HIHRWLQPIL BUR B FR PRIFQMNANDIWLRQ RI
aging properties. FRPSRXQGV IXQFWLRQDOO\ LQGXFH $
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LOQGXFLQJ FHOO GHDWK 6XEVHTXH @GeahorseSHtFea6\mhetélbolig EIMk\analysisH U H
VFUHHQHG DW ORZHU FRQFHQWUDWLRQV —0 DQG —0 WR
identify the top 10 compounds that most potently induced

$73 GHSOHWLRQ &RPSRXQGV ZHUH w\éwgﬁ[ﬁﬁ@%ﬁg%@\%%gﬁ%ﬁs UZ[

incubation and experiments were performed in duplicate.

$IWHU WUHDWPHQW PHGLD zDV DWEL %LPQ%%@\M ‘(\/JZE'R?/F;EE:EE
DQG SODWHV ZHUH ZDVKHG ZLWK Z ge) PSP

w/ C&" and Mg* 7TKHQ FHOOV ZHUH LQ

+RHFKVW 6LJPD VWDLQLQJ VR D‘PRERY'—QH VHUXP
PLQ DQG ZDVKHG ZLWK 3%6 WR H %:@ %V SCUDZQHC

JOXRUHVFHQFH ZDV UHDG ZLWKDSOD k AP

HPLVVLRQ ZDYHOHQJKWYV DW vwﬁ : t

*OR OXPLQHVFHQW DVVD\ 3URPHJ ere ﬂ‘p"“” SL?:éa:OUSORQ

PHDVXUH PHWDEROLF DFWLYLW\ z K LEOH DORS

same wells that were treated with a given compound.
Assays were performed according to the manufacturer’s 2 & 5 P H D V X UHPHQW ) D VVD\ PHGLD Z [

SURWRFRO )OXRUHVFHQFH LQWHQW W LQ%’\U'S(%OOV ZH|
OXPLQHVFHQFH LQWHQVLW\ $73 FR[b § ?PD v[E) LFJHE’LD DW

. . fé&
Loe:g:flcistlf’or;iotrri?rﬁga‘;;g?'s and were displayed as LQFXEDWRU IRU K 'XULQJ LQFXEDWLF
' JOXFRVH 0 ROLJRP\FLQ 0 GHRI\
Cell viabilit (&$5 PHDVXUHPHQW DQG / RI 0 F
ell viability assay 0)&&3 0 URWHQRQH 0 DQWLP\FLC

PHDVXUHPHQW LQ ;) DVVD\ PHGLD ZUO
7KH 6 XOSKRUKRGDPLQH 65% DVVOMHWZWIDRVMHSRRUWWKRH WKH ;)H VHQVI
measurement of cellular protein content. After treatment H[SHULPHQW WKH LQVWUXPHQW LQMH
IRU K LQ ZHOO SODWHV FHOOWZXKHMUAHQNG DMUVWKILYHQ WLPH SRLQW
WULFKORURDFHWLF DFLG 7&% |RU measured vortinuoBsyOREAR Rkl DCR rQe@surements
ZHUH GULHG RYHUQLJKW DW URRP Z\HHAS IQRWWROH]HTK HEQ SERWAGNVLQ FRQW
ZHUH LQFXEDWHG ZLWK 65% IRU PWOD VOINKH®OWRL¥FHWNY. VCKUH DQDO\IHG
DFHWLF DFLG DQG DLU GULHG IRXVDWJIORHPDH WD \K$ 1)2 T$DippGalONsidHEH Q W TV
SURWHLQ ERXQG G\H ZDV GLVVROY H all p@ernentsPnerd performesi-in triplicate.
VROXWLRQ DQG UHDG XVLQJ WKH SODWH UHDGHU DW QP
Cell migration assay
ODPPRVSKHUH IRUPDWLRQ DVVD\V

7KH PLJUDWLRQ RI 0'$ 0° FHOOV
$ VLQJOH FHOO VXVSHQVLRQ RI 083 XWHO-OW BQWEDBSD UG ZH SUHYLRXVC

XVLQJ HQI\PDWLF [ 7U\SVLQ ('7$ 6PF®L$PBWLRRYVDQ@

PDQXDO GLVDJJUHIJDWLRQ  JDXJH QHHGOH > @ &HOOV ZHUH

then plated at a density of 500 cells‘ammammosphere *UDP YH DQG JUDP YH VXVFHSW

PHGLXP '0(0) % QJ PO (*) 3HQ6WUHS

LQ QRQ DGKHUHQW FRQGLWLRQV LQ F LV
K\GUR[\HWK\OPHWKDFU\ODWH SRO) +;<7 VgLP%(?EEBWgKfVXfGHG)({%VSLEL

ZHUH JURZQ IRU GD\V DQG PDLQW D P SHUIRUPQHG

LQFXEDWRU DW f& DW DQ DWPRVSKIHY ts rte onuR

FDUERQ GLR[LGH DLU $IWHU GD\VY ’E W%r?k P' LEQLRWLFV c

P ZHUH FRXQWHG XVLQJ DQ H\H SL G )

an gram -ve bac erias ( i#rom were used as
percentage of cells plated which formed spheres was e
calculated and is referred to as percent mammosphere SRVLWLYH FRQWUROV $00 QHZ FRPS

IRUPDWLRQ QRUPDOL]JHG WR YHKLF\p)yOPR[Lé %%J&%WUH P 6LJ§7$%’&/$(‘§O\9GYULLQFJK

Mammosphere assays were performed in triplicate and /RXLV 02 86$ DQG ZHUH XWLOLJHG V

repeated three times independently. %ODQN $QWLPLFURELDO 6XVFHSWLEL
6SHFL;FDOO\ RYHUQLJKW FXOWXUHYV
DGMXVWHG WR D WXUELGLW\ RI OF;
&)8 PO EHIRUH LQRFXODWLRQ RQWR C

www.impactjournals.com/oncotarget 13 Oncotarget



cotton swabs. A cotton swab dipped in the cell culture DQG 5LFKDUG )RVWHU 7KH SKHQRW\S|
was streaked onto an agar plate surface in such a way all other wet-lab experiments described in this paper were

as to obtain a uniform layer of bacteria across the whole SHUIRUPHG E\ 'UV %HOD 2]VYDUL *OF
VXUIDFH $IWHU PLQ WKH DQWDPURWRLEWR BGLIVOIK RUERRKHQ JHQHUDW
compounds disks were laid on the inoculated surface of the tables for the paper. Professor Lisanti and Dr. Sotgia wrote
DJDU SODWHV WKHQ DOO DJDU SOMKHYV; DN WHGWIFIX\E RW WE& H WD Q& FULSV
RYHUQLJKW 7KH GLDPHWHUYV RI L QKediddidy &l GheZch-blithoPsHOfesdd HL@Gabti@enerated
VXVFHSWLELOLW\ ZDV H[SUHVVHG Ll sehemat GuRmary tHaglams® DQFH 5

moderate susceptibility (I) and susceptibility (S). Agar

plates inoculated with bacteria tested with impregnated $& . 12:/('*0(176

'062 GLVNV ZHUH XVHG DV FRQWUROV 7KH UHVXOW REWDLQHG

RQ VLQJOH EDFWHULD VWUDLQ ZDV FRQ:LHPHGHEY 6B QMH YOI WR JWRB 8QLYHU
positive and Sensi test-gram-negative kitd R ¢ O F KH Pyhich allocated start-up funds and administered a

st 'LVF GLUXVLRQ VXVFHSWLELOLVERWDHW RZ® Vwert! $IRANIHGH LW2KH QHFEHVV

triplicate and repeated three times independently. start and complete this drug discovery project (to M.P.L.
DQG ) 6

$QWL PLFURELDO DFWLYLW\ DQG 0,& YDOXHYV

determination CONFLICTS OF INTEREST

7KH PLQLPDO LQKLELWRU\ FRQFHQMIDPRRR P KBORD PLQRULWI LQW
the antibacterial compounds was determined using the Inc.
EURWK GLOXWLRQ PHWKRG DFFRUGLQJ WR &/6, JXLGHOLQHYV
> @ %ULHA\ D VROXWLRQ FROQWHQRERNRENGESZ FRPSRXQGV RU
VHYHUDO DQWLELRWLFV XVHG DV SRVLWLYH FRQWURO ZDV GLOXWHG
VHULDOO\ ZLWK 0+% PHGLXP 7KHQ WwWH ¥XVMIBHQVRRQV RKIOLW - 6PLWK '/
WKH PLFURRUJDQLVPYV SUHSDUHG IURPRRVYHD QL IKWRFXB WXWHYV DR/ QHZ WKF
EDFWHULD LQ WKH 0+% PHGLX&u DW D FROFGEIFWYDRIL RDRRHU VWHP FHOOV 4XI
xmt ZHUH DGGHG WR HDFK GLOXWLRQ LiQndoonal valdatighviR 008F7) D UIGIXKQELWLRQ 2QFR
standards were used as a reference to adjusirthidity
of microorganisnmsuspensions *URZWK RU ODFN WEBQARHKRI3 %XUJRV 5DPRV ( 7DYHUD $ %l
of the microorganisms was determined after incubation 3 6FKRHQKDOV 0 %DUQHGD ' 6HOOHUYV
IRU K DW f& E\ WXUELGLPHWU\ ZDY®I® B QIWKDRIS <XQHYD 0 6DLQ] %
QP 10,& DQG 0,& ZHUH GH¢{QHG DVaWikH BLL LPOKD %DODQFH 'HWHUPLQF

inhibitory concentration of the compound required for Phenotype and Plasticity of Pancreatic Cancer Stem Cells.
DQG LQKLELWLRQ RI EDFWHULDO kWRDWKWDEH QHIDWLY H
control tubes did not contain bacterial inoculum while /IDPE 5 2]VYDUL % /LVDQWL &/ 7DQRZI

WKH SRVLWLYH FRQWURO WXEHV FRQWD¢RNRIQRRRWIFRRRENY H( 6rRWILD )
DOQWLELRWLFV RU FRSEPRUQESWYUHH 7KHWLELRWLFV WKDW WDUJHW PLWRFKR

measurement oMIC was performed in triplicate and FDQFHU VWHP FHOOV DFURVV PXOWLS!
repeatedthreetimesindependently. FDQFHU OLNH DQ LQIHFWLRXV GLVHDVI
Statistical analyses )DUQLH * 6RWJLD ) DQG /LVDQWL 03 +

PDVV LGHQWL{HYVY D VXE SRSXODWLRQ R
6WDWLVWLFDO VLIJQL;(FDQFH zZDV GOHAWMOPHFTKEPRWHYIWRRW 2ZQFRWDL

Studentss WHVW YDOXHV RI OHVV WKDQ /DPAHUHLRRQUOBHUKBKGDGZLFN $ 2]VYD
VLIQL,;FDQW 'DWD DUH VKRZQ DV WKHEHPPWB Q “&6C0UNXQ®BOMHWYRZHOO 6- &DSSH

stated otherwise. 2XWVFKRRUQ 8( 3HLULV 3DJHV 0 6RWJL
'"R[\F\FOLQH GRZQ UHJXODWHV '1$ 3. DQC
Author contributions WXPRU LQLWLDWLQJ FHOOV ,PSOLFDW

UDGLDWLRQ WKHUDS\ 2QFRWDUJHW

Professor Lisanti and Dr. Sotgia conceived 'H /XFD $ )LRULOOR 0 3SHLULV 3DJHV
DQG LOLWLDWHG WKLV SURMHFW Do " WHoHrfRSF KM §OSBYHL 5 g0DUWLL
. ) . L 8( &DSSHOOR $5 3H]JL 9 "/LVDQWL 03

mitochondrial ribosome (mitoribosome) as a new . o o .
. L . Mitochondrial biogenesis is required for the anchorage-
molecular target for drug discoverg.silico computational

PRGHOLQJ ZDV WKHQ SHUIRUPHG E\ 'UV'SBFRGVH N £RA3EET ff stem-like cancer
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FHOOV 2QFRWDUJHW 5DPDNULVKQDQ 9 5LERVRPH 7KH VWUX

/IDPE 5 %RQXFFHOOL * 2]VYDUL % 3HLUPVLWBFKRQGYLDYLYEbRRVRPH 6FLHQFH

0 6PLWK '/ %HYLODFTXD * O0OD]]DQWL &P XOPVR/QQ HOAIRZQ $ %DL ;& /ODFHU -/ +X

/$ 1DFFDUDWR $* &KLX 0 :\QQH / BDIRMUQH]OXUVKXGRY * 6FKHUHV 6+ DQ

2XWVFKRRUQ 8( 6RWJLD ) DQG /LVDQWI9 0BWUXNFREKRQ U MDKH \HDVW PLWRFKR

PDVV D QHZ PHWDEROLF ELRPDUNHU NRUEXQWHWP G6ENHQFBQFHU

FHOOV 8QGHUVWDQGLQJ :17 )*) GULYHQ *RQEERROWE VWbJRDPIRQRIHLEXQGIXW 0 /HI

2QFRWDUJHW 5 %RHKULQJHU ' DQG %DQ 1 5LERVRP

/IDPE 5 2]VYDUL % %RQXFFHOOL * 6P L WtKicture 8ftihé 858 @&nrialian mitochondrial ribosome.

ODUWLQH] 2XWVFKRRUQ 8( &ODUNH 5% 6RMWHQPH) DQG /LVDQWL

03 'LVVHFWLQJ WXPRU PHWDEROLF KHWHMRIHQ HLVEP O @ RPHWPYH & 6XILPRWR

DQG ODUJH FHOO VL]H PHWDEROLFDOO\ Xy QKX ¥XE SRFOHUMW LRQDRIG 5DPDNUL"

VWHP OLNH PLWRFKRQGULDO ULFK F DRthdidligefriddadai suBuit oMY Rukhdrth¥¥ochondria.
6FLHQFH

3HLULV 3DJHV 0 ODUWLQH] 2XWVFKRRUQ HHH B oV WK BFEQIHU © /HLEXQGJIXW 0

6RWJLD ) DQG /LVDQWL 03 &DQFHU VW§PKPHRP1PEMOIHARRIOEP 5 DQG %DQ 1 7KH

%UHDVW FDQFHU UHVHDUFK %&5 of the large subunit of the mammalian mitochondrial

&DVH\ 7 %RQG - 7LJKH 6 +XQWHU 7 /LQWVEBXQWH/ 1IDWKHUM 2

(QHPDQ - &URFNHU $ :KLWH - 7HVVLWRYEHU 60/DPRE %6DQ 1 6WUXFWXUH

+DUORZ 6 :HDYHU ' O0XVV + DQG 30DXiMé .MmitBdRé&MdtiEIX RiBddome. Annual review of

signatures suggest a major role for stromal cells in ELREFKHPLVWU\ ,Q 3UHVV '2,
GHYHORSPHQW RI LQYDVLYH EUHDVW FDRQRHYKHBPUHDVW &DQBHU 5H\SXE DKHDG
7TUHDW *UD\ 0: %XUJHU * DQG /DQJ %) OLWRFKRQ
6RWJLD ) :KLWDNHU OHQH]HV ' ODUWLQHEI2XMMFKRRUQ 8(

6DOHP $) 7VLULJRV $ /DPE 5 6QHGGRQ (}Dézjq/g_W*UIj\RgHg %WXUJHU * OLWRFKR
$ DQG /LVDQWL 03 OLWRFKRQGULD 3%wat.on5awm\4 nERREL (b, Anual review of
PHWDEROLVP ¢(IWHHQ PDUNHUV RI PLW ELRJ QHV

ODEHO HSLWKHOLDO FDQFHU FHOOV EXWL[?: UUNFO)&GH%(IURPODDWLF&Q\S\I DQG

VWURPDO FHOOV &HOO &\FOH Endosymblotlc theor for organelle origins. Current opinion
*ROGVFKPLGW 5HLVLQ 6 .LWDNDZD O +HIEB(HW'-}<U é/ jq

0, * *
/I._HERO_G % URKPDQQ / DQG UDDFN +BU8lEEIPIROL %QEDFN % .XUODQG &* D«
mitochondrial ribosomal proteins. N-terminal amino

DFLG VHTXHQFLQJ FKDUDFWHUL]DWLR&K%SéDLOGm%LV\]/‘:gF%I\Ay\Uﬁ%\ll—:'QPVW PLWRFKI

FRUUHVSRQGLQJ JHQH VHTXHQFHV 7KH -RXUQDO RI ELRORJLFDO
EKHPLVWU\ %XUJHU * DQG /DQJ %) 3DUDOOHOV LQ

“UDDEN +5 DOQG :LWWPDOO /LHEROG o Y RIKRQEILD RRE EDFWHULDO VIPELF

ULERVRPDO SURWHLQV 053V RI \HDVW 7KH %LRFKHPLFDO
MRXUQDO &KDQJ ; :DQJ = +DR 3 /L << DQG /L <;

WRFI&%%%H%DO HYROXWLRQ DQG PH!

&DYGDU .RF ( %XUNKDUW : %ODFNEXU( Sy o metabolc networks,
DQG 6SUHPXOOL // 7KH VPDOO VXEXQL 6"“%5‘&53%6{ o)

PLWRFKRQGULDO ULERVRPH ,GHQWL¢ WKH IX0O0

FRPSOHPHQW RI ULERVRPDO SURWHLQV " QM?IQ W 7Kﬁ'-ERE$<\{ﬁfd'bV\h'?UJHW'-QJ D
ELRORJLEDO FKHPLVWU\ mechanlsms of bacterial resistance. Nature reviews

.RF (& %XUNKDUW : %ODFNEXUQ . OR\Hq\J'FlUJ/oREGLF %%M HU

'0 ORVHOH\ $ DQG 6SUHPXOOL // 7KH MJ\MH\PX%%(Q% RRQV -0 %URGHUVHQ ' (
the mammalian mitochondrial ribosome. Analysis of the 5- :LPEHUO\ %7 DQG SDPDNULVKQDQ 9 )

FRPSOHPHQW RI ULERVRPDO SURWHLQV '¥REVIER VAKPXRAYYIH RrWKH 6 ULER
ELRORJLEDO FKHPLVWU\ LQWHUDFWLRQV ZLWK DQWLELRWLFV 1D

JLRULOOR 0 /DPE 5 7DQRzLW] +% oxQRRIHE " PRfF L EROOHU +) ,QWHUDFWLRC
'"HPRQDFRV 0 &DSSHOOR $5 O0DUWLQHARIMKFGROPRYEWHY LQ 6 ULERVRPDO
8( 6RWJLD ) DQG /LVDQWL 03 5HSXUSRVLQJ DWRYDTXRQH

7DUJHWLQJ PLWRFKRQGULDO FRPSOH[ /DPBAG+PBURERYR 6PLWK '/ 7TRZQVHQC
HUDGLFDWH FDQFHU VWHP FHOOV 2QFRWDWIRHW % ODUWLQH] 2XWVFKRRUQ 8(

$PXQWV $ %URZQ $ 7RRWV - 6FKHUHNVRRW GBS DQRG 6RWJILD ) 7DUJHWL
FHOOV HOLPLQDWLQJ DQDEROLF FDQFH!L
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of protein synthesis or by mimicking caloric restriction. %YHQVRQ +- $SSHQGL[ $ ,Q OLFLU

2QFRWDUJHW $SSOLFDWLRQV /DERUDWRU\ ODQXDO LQ

6FKHHO & (DWRQ (1 /L 6+ &KDuHU &/ 5HYOKBPRCEWH*UDBLK +LOO %RVWRQ ODVVDF

.- %HOO * *XR : 5XELQ - 5LFKDUGVRQ $& ®MQQE FPIOQERGI/DERUDWRU\ 6WDQGDUG!

RA. Paracrine and autocrine signals induce and maintain 6WDQGDUG IRU $QWLPLFURELDO 'LVN

PHVHQFK\PDO DQG VWHP FHOO VWDWHV §9SWRHN HE® I DADWQ GOHIGO 'RFXPHQW 0 $
3% 86% &/6,

'DQJ + 'LQJ : (PHUVRQ ' DQG 5RXQWU O BQL F®@DDQG /DERUDWRU\ 6WDQGDUG

induces epithelial-to-mesenchymal transition and tumor 6WDQGDUGY IRU $QWLPLFURELDO 6X\
LQLWLDWLQJ VWHP FHOO FKDUDFWHULVYWHGWLIROWE RDRBPRODWLRQDO 6XSSOHPH
3% &/6,

6FKHHO & DQG :HLQEHUJ 5% &DQFHU &Q\LIQR FPIOMYG DREBERUDWRU\ 6WDQGDUGV
HSLWKHOLDO PHVHQFK\PDO WUDQYVLW L RiQr diEfdntihScvshial BUS@ptibiRyDiesEfor Oadteria that
OLQNV 6HPLQDUV LQ FDQFHU ELRORJ\ JURZ DHURELFDOO\ DSSURYHG VWDQGE
+RXWNRRSHU 5+ ORXFKLURXG / 5\X 'Oopxo®bgQ :P\QH 3%

.DWV\XED ( .QRWW * :LOOLDPV 5: DQGO%XQRIZV[ND /LV 8 6]HZF]\N ( O &K F

Mitonuclear protein imbalance as a conserved longevity :RMFLHFKRZVNL -0 :ROI : 0 DQG 2
PHFKDQLVP 1DWXUH 6\QWKHVLY &KDUDFWHUL]DWLRQ
+DPLOWRQ % 'RQJ < 6KLQGR 0 /LX : 2GAstyty of sSiwer{lx @nd Copper(ll) Complexes of

and Lee SS. A systematic RNAI screen for longevity genes 3KRVSKDWH "HULYDWLYHV RI 3\ULGLQH
LQ & HOHJIDQV *HQHV 'HY &KHPOHG&KHP

+DQVHQ 0 +VX $/ 'LOOLQ $ DQG .HQ\RQ & 1HZ JHQHV

WLHG WR HQGRFULQH PHWDEROLF DQG GLHWDU\ UHJXODWLRQ RI
lifespan from a Caenorhabditis elegans genomic RNAI

VFUHHQ 3/R6 *HQHW

/HH 66 /HH 5< )UDVHU $* .DPDWK 56 $KULQJHU - DQG
5XYNXQ * $ VIVWHPDWLF 51$L VFUHHQ LGHQWL¢HV D FULWLFDO
UROH IRU PLWRFKRQGULD LQ & HOHJDQV ORQJHYLW\ 1DW *HQHW

5DYLW] 2 =VROGRV = DQG 6LPRQ $ ,PSURYLQJ PROHFXODU
GRFNLQJ WKURXJK H+L767 WXQDEOH VFRULQJ IXQFWLRQ - &RPSXW
$LGHG ORO 'HV

ORUULV *0 +XH\ 5 /LQGVWURP : 6DQQHU 0) %HOHZ

5. *RRGVHOO '6 DQG 20VRQ $- $XWR'RFN DQG
$XWR'RFN7RROV $XWRPDWHG GRFNLQJ ZLWK VHOHFWLYH
UHFHSWRU AH[LELOLW\ - &RPSXW &KHP

6KDZ )/ +DUULVRQ + 6SHQFH . $EOHWW 03 6LPRHV %0

J)DUQLH * DQG &ODUNH 5% $ GHWDLOHG PDPPRVSKHUH DVVD\
SURWRFRO IRU WKH TXDQWL FDWLRQ RI EUHDVW VWHP FHOO DFWLYLW\ -
ODPPDU\ *ODQG %LRO 1HRSODVLD

%RQXFFHOOL * 7VLULJRV $ :KLWDNHU OHQH]JHV ' 3DYOLGHV

6 3HVWHOO 5* &KLDYDULQD % )UDQN 3* )YORPHQEHUJ

1 +RZHOO $ ODUWLQH] 2XWVFKRRUQ 8( 6RWJLD ) DQG

/LVDQWL 03 .HWRQHV DQG ODFWDWH 3IXHO" WXPRU JURZWK

DQG PHWDVWDVLVY (YLGHQFH WKDW HSLWKHOLDO FDQFHU FHOOV XVH
R[LGDWLYH PLWRFKRQGULDO PHWDEROLVP &HOO &\FOH

%DXHU $: .LUE\ :00 6KHUULV -& 7XUFN O
Antibiotic susceptibility testing by a standard single disk
PHWKRG $P - &0LQ 3DWKRO

%HQVRQ +- $QWLPLFURELDO VHQVLWLYLW\ WHVWLQJ WKH
.LUE\ %DXHU PHWKRG ,Q OLFURELRORJLFDO $SSOLFDWLRQV
/IDERUDWRU\ 0DQXDO LQ *HQHUDO OLFURELRORJ\ WK HG
OF*UDZ +LOO %RVWRQ ODVVDFKXVHWWYV SS
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