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Opitz. Selective targeting of green fluorescent nanodiamond conjugates to mitochondria in HeLa cells.
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e 12 Ho=m FHA= PPI-G4-0S-Mal-11I2 ZA|HE LEEZ=2ZE IWE A 4 Alg E=Z2do|v
gz Fgoln], 47 HE 1o, R RS BEEHL= AAES Y, A7) 7]ZelA, PPI-G4E Al
4 Ao 2z zddely degy, &, 0SOUNIEE ) Ay Z'S Yehda, Mal-111S ZEEZLZ(3
a-EFILE R Az EgAtEtel =)E it

PPI-G4-0S-Mal-11T =& ™ 7}, A 4 Al Z2jZ2dolwl d=g™ Y=} PPI-G49] ofv|=7|e} &Sk, 25-
45%, TS A= 3599 LEEH = JAF - Mal-1I1E &F3le], PPI-G4 A= o] sy = (s

A)E FAAN7I= Aol FEstrt.

T g Ay S xS ol FEAILY &4 VHE A S8 ARE ZES A=s] g FES
Xﬂ}_’é} | SlaliA B wHo A AFREE, YEEZ Q= PPI-G4-0S-Mal-11182 ZEE 223 A 4 Ao Zg=
2oy A= olFEAL, = *ﬂ%‘%%‘ B-HEZ o AMgS A7 E 84 BARA EEe 295
YERATE. ol FEAS TS ‘;‘%WZJO@H B W3 HxFE Apdelal, o]oli &4E WMEW AEEA
S ANA AAE T, 1o wEka], PPI-G4-0S-Mal-111 =g wS A& X127 449 a98 Fr}

F7F2, PPI-G4-0S-Nal-1I1 Wl=efuls doje] vE o4 Wo] aieh yhedste] F4do] glar I W = &t
;Ho /\g%tﬂ—ﬂ E;_BH:—_ L}ﬂ.pﬂ\;}
B oade A AbgEH | degn R pxo] BEEFe= Jx(Mal-11DE ieteE YEERZE =
Al 4 Ae] PPI-G4-0S-Mal-111 Z|Z2ddo|7 d=gwi= ol TR A gt dS Lgsln
%1 [Appelhans D, Oertel U, Mazzeo R et al, Proc R Soc A 2010; 466: 1489- 1513]o|A F /& o] o,
A [Chem Eur J (2008), 14: 7030-7041 Klajnert B, Appelhans D, Komber H et alloll: AR H)o sk
He] o] gl o3 27| Il o8 AW PPI-
19 3 1o EA]E u}e} Zo], PPI-G4 d=gH e

¢ Mo
o e

e

JH‘l

o] 500,13 Miz o5l o] Fojx: MR EHEA
G4-0S- Mal-T11 =g = ZAFADe] 71AEe] At = 1 E
F9 obvnr]E 0S(0S-AE )R A" 29U d=ev 39S A7 A8 (22) - 35% MR T
EEZA-X&(Mal-11DHET}. HWEEZ] Q= 9 = L Hdo] =g ~dl(Dresden)ol] A2AFHE
Leibnitz Institute of Polymer ResearcholX <35 Att. AFEL JoHdoz e 753sH @),
gy, Al 4 At PPI Fl=2lw(PPI-G4) = de=e] o} E s (Eindhoven) A1) Symo-Chem© 2 H-E] 4
dHez #9 7Hssi.

L
T,

kKl

1

o>
I

FlH o7 19 7458 PPI-G4 2 A PPI-G4-0S-Mal-1119) 2 A=ZOM; ZW LEEg Q= 7)o 4 2

[}
=.

M

HE2|of MMosx | MMamg HHMaHIl | BE Mal-1II 7|9
g | ol 910 4(428) | HUE R
0|84
PPL-G4 3514 3514 - -
PPI-G4-OS-Mal-lil1| 19144 14260 32 (50%) 22 (35%)

= PPI-G4-0S-Mal-111 ®l=glw= MNCY 50% AEEAHS §2A7]E= d=g v i‘:ii\i
91 1C59] Aol Folxth., wEo=m ARZH PPI-G4-0S-Mal-II1 Sl=g]ujo] thdk 1050 4

24 mg/mlAtk. ICxol ] A whg g wEye] 99l ezt e obFEAIZ 7
E k% F9] PPI- G4-0S-Mal-I11
of mE ek oAl FElE Az

o f
o
i
rir
it
o,
N
-

B oago] olat AxjdolA drd Aeojrk. B W] FAle =dolA dAHI Sl

1> #A PPI-G4-0S-Mal-III1E 7[AlE = Al 4 Ad] S Z2Fe|d degm o JAE A8t 9.



[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

ZIHEdl 10-2015-0093216

T 2v dEHE HYyEA] 3 B HXZ -9} PPI-G4-0S-Mal-111 dl=iw2 A= Alds 9y
W B HEF] F 7HA Wge 'RE-ZEX' §3 S|~E¥('dot-plot' type histogram)E E/\]’B‘}L’ QATh.
CLLAlA e wigw 3o 28w o5 oA WHA(ZRYF olo]otho] =(propidiun iodide) = o}l
V(annexin-V))oll A, A3Ed3AF(programmed cell death)2] UhFdt @A(Z7] o}FEA 2, F7] oFFEA|L,
APl e AEE BEE 5 Tt

T 38 d=gWE AHEEA e A% dx B HE A9 PPI-G4-0S-Mal-111 Hl=giW 2 He|=a Aldd A%
B HEge] T /A WMo 'RE-ZIR' §8 S|2EORE EASA Qlth. CLLAA ] WiEs dxe A
L5 o]F FA W (Z2YF ofolotiol= & ofdlA-V)o|A, A EdGAL] TR GA(F7] olFEAA, T
7] oFFEAA, FAh = MEE #AFET 4 )

B9 2RA]317] 9t FA Al &

YERH HAl2RE 9] AlE AT} el Fo1H 2

2= A&9 A 4 Ao PPI-G4-0S-Mal-111 ®l=g]me] &k dlof ofFEAA Hi FAls Aledzhy w)ok

Fol wgy Yxye W Wpge AnE tehlw glov; Frkz, aele dne zizte W gt o
we A 3 W BAA BAL ATR

degro] J3F dlol] ofFEAL EE HAEE AP wi

Sehia Qe 3vbe, e Avs 2ztel B o @

o

oM R
rﬂ—‘ O‘l
B Lo

w
rlo

AldE Al 4 Al PPI-G4-0S-Mal-1I
77 Jxate] P Mg A

I
435
Ape] g B A A4S Aed

o ke
ol
Y
Bl Lo

FN
)

N

e el

ANFR A 71A] FE A9 PPI-G4-0S- Mal-111 @l=gm o] 43 sle 2 CLL X2 7} wHelA A}
T KR, &, ERUEPIGR AR 2 ASA(ReERY @A) 9 shel A WY
Fa g U]E—’VEIO} HALE Bl AE - unglﬂ Yz o] o

we oo fx
"

o

=
HAAd 1

35%2] HEEZLZEE i3t DEEZ QE PPI-G4-0S-Mal-11102 FEHE A 4 Ad Zg=zzddol7l =g
WE Abgetel Mgy WETolN olFEAL BAS FESE Y L FH ALoIAS) oldd deeu A
Z5A0] APl A7 ATH T

a) AEF MINC 93 MNPy dxF)] £ 9 Y

A B 1599 FAERE AP wx Fdolglon, g IxES vy HE7d wFEH(CLL) (A
39 WA 85AI(B dH-2 63.84) 88 oK) B 7H FHA))el dEiA ool XEFA] ghkoH
@= Z*=(Lodz) AA2] Hematology Outpatient Clinic and Hematology Department, Medical University<]
AR 52E g9, Za=o 2% 4419 Ethics Committee of the Medical University:® A+E &
FTHRNN/75/10/KE) . Aol 423 5 (informed consent)E 7o ¥3d RE FARZHE LA}

£O oy i o

EE(F 90%)e] B wWdW YZyel wEl AEANOE FsuARAM tiE  HEAJC]E(disodium
versenate)-EDTA Aol =% wxgdNozHE BT, oz, g Alg FHy9 Hlstopaque 1077
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Tujoll el AR SR, A AACNA L& MNCe aE]E Eulslar RPMI-1640 v (PAA, Germany)i 23]
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7hakadeh: 20%0] E&dstE AujoldA (FBS) B A, Ao, 2EfEwte]Al, HERFo]A1(500 ml Wi vl
A 5ml A E3HE)(PPA, Germany) 2 35%9] UEEZQLAZE i3l APy E o7 X9 PPI-G4-0S-
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- 6 mg/mlo] Wi WA,
- 8 mg/mle] Wi wjA,
- 10 mg/mle] B wiH,
g, HES MNCY wiFEC] Wg AlFS 48-A17-Qltulel A AIRE Fek ekt

3509 WEED Q=S T PPI-G4-0S-Mal-111 9=2]H glo] TAd o)A Az WIS gRraoR
oz Tt

b) FEEAL © AEEAY HA - hIAY L Z23F clelottel= Ay

QAFold Fol, INC WAW FLTE ke 4F A5 SNPB-GIIEFH QWIEFS TR 95

2

g o 23] A, th2oR MEEZE oldA-V(Ann-V)e} AF Aol A 540 FITC(HF o] AE] Ao}y o]
= 243 459

E dH(fluorescein isothiocyanate dye)) 2 10 ug/mle] E2I|F olo]t}o]=(IP)E &3}
of dEAZTE. Hgo=E, AES 15 F B A AL QlFHleldsta, o5 I
490" + 20 nm % FL3 530" + 20 nm®l FAIE F247](flow cytometer)(FACSCalibur Becton Dickinson)E Al-&
st 7Aoo 2 A8,

ZR2IF ofo]ettol=(IP)E A¥:Y H A (cell membrane integrity)s FA(IP Al¥E-24, IP-)A7]1HA A
ek Alxe] oEjA TEHoRE AAHE AMEFS UEe ol &dolt.  ofdllAl-VE AlEd BAA
S WSAAAM AxzE o gFoRol xagtE|dAAe] HYE FEAZIY. SFE] AESAHLS o9
IP W&o FollE FallA JSHATIP - & AX, IP+)

o}sFEA| 2~ A S (apoptic index: ADE AAkslr] ¢JelA, oFdAl-V(AnnV+IP- 2 nnV+/IP+)§ AL A E
AAEF. 3592 YEEDE =g E 3f3h= PPI-G4-0S-Mal-1119] AlEE5AS [P= a9
zZ MNC«] xgz-_#ﬂg Z;st]—ogzyq _7_24 }oiq_

c) MEZE= o 9 A9 FAH(FHFEAZS 27 wHA)

nEEZ=gol B AHYE ofFEAAY %7] AZolt.  (MXRos, T, %iiﬂﬂ‘%—X—i*}m(Chloromethyl—X—
rosamine) (W]=32] Mito Tracker Red CMXRos, Molecular Probesol 2%+ AJeF = 9 =
Z:EA A(glycophorin A)oll tidh m=F=2yd A (dvlo}=1e] Dakooll 23+ 3}- -éah;a A FITC«] A]%k
HA)S olo] AAL s AFEEARTE.  C(MXRosyE PIEZZgof whe] Wit guite] 247 H3l7F A5k
o] A AEY mEZEl pE oA FAHEE JAAAPY FolA dmelt. i mEZE=gol vhs w
€ olgld TrEY uigAA Ao A AE WY e vEZ=Z 9 AQ(ATME FEIT. FAE A
U ofFEAZS A WA F=4 F o] (MXRosd] MEZ=gol F4E AskA 7= a33 o).

CMXRos 92 94pu09] DMSO(HIHIE A FAJo]=) Fofl AZA7} F5¢ BEES gArAozN AxH o, 20
CTol A=A}, olojA, 2] &8-S T3 DMSO(1 : 10)E AFE3te] A F3aL 4T AFsATE. 1 x
37°ColA 30 ¥ %<k CMXRos(5000 RPMI 1640 =& Z¢]

10° We/ml =9 @8l A, F, WYy YT7E
2.5u0 2 &Ml 37 QlFuol ettt AEEA 15 B Fo, FITCS AFA|HE FEm=Ed Ad Ut
S2G PG PRt e ESEell AAD A B Y WA T A= 4T T
49 4YTE ARG, Do, MBS FAL BANE ALgse] S
90l ol F-ZeIED A-FITC(A Un"/Gly-A AE)e] AFsx Fe MEge Axstdr).

PE g3 =R/ o2 #HolA 488mm L AFE ZT=Z 1% CellQuestPro (Becton Dickinson, USA)E& TH]3h
FAIE B247] FACSCalibur(Becton Dickinson, USA)ell &l S=al=Aqct. =i 10 000 AlX7}F H7FE AT}
Fgo 7Z WA I Id - FLI(FE A=530+20nm) 2 #F= - FL3 (A>600mm)S Al43le] =4

d) BAH &4

90%2] HEEZQZE i3l PPI-G4-0S-Mal-111 H=giwr} H7lsE B whge] oy PZH(NC) Q] B
B3 788 PPI-G4-0S-Mal-111 "l=2|w7} H7tE A e i wjgEda] 4 A7 Alelo #9538 TAA =
ol 93 %1 Al (Wilcoxon rank test)S ©]&3lo] wlusta F93k TAA 2ol {9 F°5] p < 0,05

2ol o FRskar).



[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

ZIHEdl 10-2015-0093216

PPI-G4-0S-Mal-111 S=2]™9] IC;) 54 AFE MW FZALUNC)Y 50 MESAS FEA7]= d=dH e
FEEA Ao, 1G9 AL FaAE Xz "o oFE 3 PPI-G4-0S-Mal-111 "l=gHe] ==
(dose)& ZH3l= AL 7HssHA 3ot
7] f1& HAolA =

=

Ao & Z=o|A PPI-G4-0S-Mal-111 dl=gn Fxi& wddy A

E9] 50%°] Aﬂi/n}_é S 7] i
Els

EA%E A Bt A9EE A9y 48
(&S A7l o " AL Fold)dl AgHh, oFF B, ) o,
PPI-G4-05-Mal-111 W=elrle] w2 W3y YETE shalA7)7] sjaid aun

I3 tolu], AE ¥ BHOR A RAgL

i HE AR avke 2dE Zolth(@A Al o A1 AR w9t H B2 AAZE FojHe], A=

A Fo] 747bo] Fmol A PPI-G4-0S-Mal-111 W= vl o&r FE¥E ofFEA
° FEAI2 Mgy Axe] WEER FoJstA o EATH(p < 0,01 )(E 2). okF
1 CLL AlEZ9] A #47] X 0] & 20 EAIFS] Q). oFFEAI~7E FdEA HxEe] o
4 AIZE QIFtEo] el ulEhA] 48 AIZE QIFH|o] ] Fg-o HEEATE. 7] ofFEAZ AX
(Ann-V IP ol thgh 7Fd 2 Aol 48 AIZE QItdle]ld Fell 8 mg/ml((p = 0,007) R 10 mg/ml(p=0.007)9] *+
degy FmolA YehdAw, 24 Az AFweld o, ulzwtatel Aolrk mI Fo FFEIATHD
0,005) (& 2)

PPI-G4-0S-Mal-111 W= ul= CLL A|Z9) %7] ofFEAZ(An-V IP)E AA 3}
FE EE 48 A-ufdEolA Y] iz wiYkE] HgE CLL FAF Al WiEFol A el F Aol
BEEA @skrh. ole Ad®E d=n PPI-G4-0S-Mal-T110] o}FEAIZ 7] FEgoEM CLL AEA
FHAZIH AEe] BHAES Walghe i’ﬂ AZ o] A oR 2B E Fes e, 5o A}
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24h
PPI-G4-0S- PPI-G4-0OS- PPI-G4-0S- FA Rit
. Mal-1II Mal-III Mal-II
B B 1,6 pM 10 pg/ml
4 mg/mi 6 mg/ml 8 mg/ml
n 10 10 10 10 10 10
X 37,91 49,30 59,88 63,98 52,05 44,92
SD 16,23 12,94 15,12 13,49 17,81 16,70
48 h
n 10 10 10 10 10 10
X 42,04 68,57 70,88 - 78,56 74,49 60,58
SD 14,26 18,49 15,45 11,56 17,47 19,99
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