the basis for subsequent reactions to attach a
variety of substances, in this case fluorescent
dyes which can be reacted to amine groups on
the QD surface via carboxy groups on the dye
molecule using standard NHS-EDC linkage
chemistry.

3. Assessment of Delivery to Mitochondria:
Delivery to mitochondria will firstly be
assessed by intrinsic fluorescence of the
quantum dot and/or the attached fluorescent
molecule. Using confocal microscopy, this will
be overlayed with known mitochondrial
targeting dyes (e.g. mitotracker). To assess the
localization of the QDs in more detail we will
carry out transmission electron microcopy of
cells and view the location of the QDs in the

organelle in detail.

4. Toxicity tests: Toxicity will be assessed by
adding the QD system to eukaryotic cells in
culture and carrying a standard colorimetric
assay in which the colour change of a
tetrazolium salt can be correlated with activity

of cells.

C. WFRRSE
Since beginning the project |
earlier in 2008 we have made the

following progress:

1. With collaborators (Richard Tilley School
of Chemical and Physical Sciences,

1

o

=1

Victoria University of Wellington, New
Zealand) we have designed QD systems
that, upon delivery to mitochondria will
give a dual signal, one intrinsic to the QD
itself and a second due to modified Rhod-2
dye which will be attached to the QD
surface (See Figure 1 for full explanation).

The Silicon QDs are just 2 nm and

diameter and Si rather than the more usual

materials (e.g. cadmium selenide) were
chosen as Si is likely to be considerably
less toxic.

2. With collaborators (Yuma Yamada,
Hokkaido University) we have carried
out initial experiments to test the
incorporation of the Si QDs into the
MITO-Porter mitochondrial delivery
system. MITO-Porter is novel
lipid-based delivery system able to
target mitochondria''. Initial results
show that the QDs can indeed be
incorporated into the MITO-Porter
System.

3. Working with collaborators at Victoria
University of Wellington, New

Zealand, who have carried out the

inorganic synthesis, we have produced

2 nm QDs with modified surfaces

(details currently under preparation for

patent  application).

include amine groups which will allow

Modifications

attachment of Rhod-3 dye (Figure 2)
Rhod-2 is a well- known dye that is



responsive  to calcium. Calcium
concentrations within mitochondria are
very important in apoptosis. Producing

this Si QD-Rhod-2 hybrid will give a

Mitochondria-targeted dual dye system.

Such a dye may be useful in giving the
ability to detect calcium levels in
mitochondria with less background
noise and greater signal intensity than
existing dyes. It will also allow the
delivery of insoluble dyes into the
mitochondria, something hitherto not
possible. Finally, it will act as a start
point for production of further
modified QDs able to deliver more
diverse and complex sensing systems

and devices.

In the next year we hope to finalize synthesis of
the QDs and begin testing in vivo and in vitro

properties and toxicity.

D. &%
1 . Production of a dual dye system

2 Incorporation into MITO-Porter. The ability
of MITO-Porter to deliver to the
mitochondrial matrix has already been shown,
but the efficiency is not yet clear. This may
need to be improved if it is 10 be used
commercially or therapeutically. Equally, while
initial demonstration of encapsulation of QDs

into MITO-porter has been successful,

efficiency of encapsulation will need to be

improved before the system is useful,

3. Potential future uses:

In the field of therapeutics, mitochondria 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 and
could possibly be used as both in vitro and in
vivo imaging systems, identifying for example
diseased or malfunctioning mitochondria or
related diseases such as cancer cells in which
mitochondria are more active. In addition the
system could be adapted to deliver quantum dot
based therapeutics as it is known that nano
sized inorganic particles can be useful as
therapeutic agents (both carbon nanotubes and
gold nanoparticles have recently been shown to

be useful in thermal destruction of tumours.

4. Future Work plan

We will firstly work with the Tilley group to

provide suitable solvent soluble silicon
quantum dots and with the Harashima group
who will further optimize incorporation of the
QDs into the MITO-Porter system.

Once high efficiency incorporation is achieved
we will carry out the toxicity tests (mentioned
above) to assess the toxicity of both naked and

encapsulated quantum dots on eukaryotic cells.

— h8 —



Next we will attach a dye (initially Rhod-2, see
figure 1

E. #i

In conclusion, this first year has research has
proceeded well with initial experiments and
preparations suggesting that we will be able to
reach our goal of testing the toxicity and
function of a mitochondrial delivery system for
modified QDs.

F. fEEEf b
In this current research we are not using

substances that present a particular health risk..
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1.Heddle, J. G. (2008). Protein cages,
rings and tubes: useful components of
future nanodevices? Nanotechnology,

Science and Applications 1, 67-78.
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1. March 2008 : Japan Association of
applied Physics. Topic: Constructing
nanoelectronic devices using proteins
2. 12-6-08 : 8" Protein Society of Japan
Meeting, Tokyo, Topic:

Bionanoengineering with TRAP
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1. March 2008: Global COE International
Symposium: Topic: Bionanoengineering
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Figure 1: The MITO-porter system (i) is made of layers of different lipids with specificity to different
biological membranes. A modified QD (blue) will be in inserted into MITO-porter. The QD will be delivered to
the mitochondria (ii). The surface of the QD is modified with rhodamine dye (purple in iii). In E, MITO porter
fuses with the mitochondrial membrane and releases the QD. Once inside the mitochondria, the QD will give
two fluorescent signals (iv), one intrinsic to the QD itself, another due to the rhodamine dye which is

dependent on calcium levels.
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