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Protein Engineering and Quantum Dots
Jonathan Heddle Tokyo Institute of Technology, Global Edge Institute
4259-52-17, Nagatsuta, Midori —ku,Yokohama, Kanagawa
Tel/Fax: +81 (0)45 924 5009 email: heddle.j.aa@m.titech.ac.jp

Abstract

Our area of bionanotechnology is concerned with the engineering of proteins to produce
semi-artificial structures which can act as components of future nanodevices with
applications in electronics and therapeutics. In the field of therapeutics, mitochondoria
offer a good target for imaging and targeting of drug molecules as they are implicated in
many diseases and aging. Quantum dots have many favourable characteristics for
imaging work such as high brightness and low bleaching. However, for in vivo use, many
are unsuitable because of their toxicity. Pure silicon quantum dots however are thought to
be much less toxic and may have in vivo applications. We are currently working with
collaborators to produce modified. water soluble silicon quantum dots to which peptides
can be added which will direct the quantum dots to the mitochondora and furthermore,
promote their uptake into the mitochondrial matrix In this talk | will present some of
previous and ongoing work in the general field of bionanotechnology. I will then present
our ideas for targeting silicon quantum dots to the mitochondrial matrix including current
status, and planned future work.

An example of our silicon quantum dots under normal (left)
and UV (Right) illumination. We are currently modifying
these quantum dots to target them to mitochondria. Image
courtesy of Yimin Chao.
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BIEFREARLE, 5% | HAORESEY A b A L ORBBAIELS T 5
T ENTEI, SS KB EF7- 72\ EKD PEG-b-P[Asp-(DET)]IZ 33\ 1T i N/P=60
TRETFRBAMLS B TH 7223, PEG & P[Asp-(DET)|OlIC SS #E 4o
PEG-SS- P[Asp-(DET)[iZ 45V T N/P=20 7% t 8 {5 BRI %L < N/P=40. 60,
80 IR D ITHEWVBEFRBRRIIMD Li-, RIEMYA U4 o 0RBRiT
PEG-S8S- P[Asp-(DET)|?> N/P=20 THfi Ch 7=, BE5HBPHOLEFERIIH
90% & HEFF C& 7z,
B8 RER ) v —DRAD 2\ SS FEE %5 - 7= PEG-SS- P[Asp-(DET)]IZ WY
TNP=20 CHBEFERES &L HEERVEFRLBIECE-, BE5% 1
HH® N/P=20 TORIEMY A b HA ORBRILSS FEEBE-RVLDICH
WLTRETH- 83, Zhix—@icalic EFRT3b00EFENTIEA L
HEEEIGIZ L% b0 LB bh 5, PEG-SS- P[Asp-(DET) i1l {5 708 AZhE & %
EMELRVIIET A NARI Z—L LTHETHY, BEIEAICHEITTESIc—
HRIELE B2 N5,



BWRATF /77 /oKX 3<Ep - RETFT IR —

KERFRFRLFRFAR Bk A —Hl

BIEFIERCBT AR LEERREBO -2 4 —0OlRBTH Y, T2 L& RAIMIC
Eh, BN EMLEYA L ARRETFLZ Z—ICxT 5 fFrmE->TV5, Zhichd
HELT, YENEETHIAMBIE. RVxF Lo YY) a— N RYhFAL Ty 7kE
KA DNA L HEMNICHEERTAZ L CEREL EDFI ELVMRETFRI4—O
A {T-TCE7-, @OFItEME. YA LR (~50F 7 A=) ERE%SEVH8N
YA XTHYRNE, FFRMRESCRECERER YO~/ FHELHERTTRE BRI
AT LTHY, RUOAEEKESLTIELTETH S, AFETIE, BEFELAEICE
L - BEEa Sy T I B roMB ATV, TLERRF (timing) (&, LEZRFBAL (location)
T, LELDH-CHEME (action) | #R/NBORIER C#ERT 5 [/ BIEETFIHR ZAIH
THZLEAHELTWS,

Frik, chETI, Bl F L2 27 2 U ilEE AT 5 PAsp(DET)AS in vitro 3B L T}
invivo LBV TEFENSOEDROBEGEFEALEBRT LI EEFRALMILTEE, £2
T, PAsp(DET)DBGFRHA = X A2 DWW THEMAR RN 41T - 126 R, PAsp(DET)AVE
B pH(=74)TIXE / 70 b ARETHEL, MIABRENEZ TSRV, = FY—A
M pH(=S.5)CiE 7o kI ARIEICE L L, MARBREEELZTL, ZhiZk-o Tl T
Ry H—Dxy B — A bfEA~OBITE2RET S LXALNER- T, Thb
5. PAsp(DET)iZ= > F Y — ABGBRIRM AR BRE L TR T 5 Z LicL-> TEHEELTTL
DEEZLND, SHICH~LX, PASpDET) LY & X L ICEHFEOREFHEALERTD
7= 912, PAsp(DET)D{I$#| cis-aconityl anhydride # G S D Z Lok » T, 7=F %
? PAsp(DET-Aco) % &k L 7=, PAsp(DET-Aco)iX. 77 Z I F DNA(pDNA)& PAsp(DET) &
DEREINZHFALAMORY ALy 7 AOREBICEBXELZLICL-T, 7=F %
DIFTFHALT Ly 7 ARBRNTE LN TExD, AVAT AR, T4 EOREELA
T A0 IcHil L OMEERMECIERBETE—FHT, = FY—ANDOIE pH BRI T
cis-aconityl group A3fgHE L, MBI E 1O PAsp(DE) A B S 5 7=z, BFH)px
Ky —aii&ErdT b0 bt ELr LD, TORKE. —BROICHREED - DICREFEA
HMNEEETH 2 P EMILHUVEC)IC & LT H RN R BE FEANFREIC 2D Z &8
TaEhie,

—J. PEG-PAsp(DEDD LR S h b @4y 7 I AR F~<7 4 —ICEL TiX, Zh
¥ CIC MK MR G Y oA RS HEERT S Z L DIREEZR XIChR
ARG FREESEAT T L#HAMNCLTE R, LELERL, @It By
7 —it, eV REFEADRLBL O, AREO T 0y 7EEKEZ DNA
ICERSHALERHY  X5HIZPEG OEAIL L AMGEFEREMOETARBEENTE
f-. = TH AL, PEG LY HF 4L AHAEROR TR T-CHlRRE - FET
AREFIZ L > THIXh 5 SS A T PEG & PAsp(DET)A3HEFS; & 7z PEG-SS-PAsp(DET)
AL, £KNT PEG HHMT 280 FIEAMNs ¥ —2ME L, TO/MER,
PEG-SS-PAsp(DET)iZ PEG 2\RlET 5 = Lo ko T, #FEMpxy FY—LBRHEZTRL,
PEG-PAsp(DET) L ¥ 1, 100-1,000 {& @\ Vltfa FREDEL T Z LAHLNE R T,

X 5 ICAHECIE, 7% VEGF SBKGSF-)2 B+ 580 F ItV Bl 7 ¥
—®O & MEN A BPC3 MO~ 7 A FBAE T MK T DI R BRI LIz, £ 0K
B OENSTIEARBE T~ Y, EEAAOBEEERECHLF L IELED D
FREICARWVRIDAEEEZ T ZERHLENE RS,

TOLSICATFECIR, BRI LEESTF I EABBEGE TR I —OBERRA N =X A
LR L. ZOBEORY AZEITI —H T, invivo COFMMEERALNICLTE ., &
Eit. BREAAIVIAATEED FI AR ¥ —OBEMRIT 2 S LICED DS Z LIZE- T,
in vivo IS IS AT =<7 7 —fEORKELZE L FETH S,
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