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with 1000 cells per well (in 200 I RPMI 1640) and incubated at 37°C,
5% COy : 95% air for 2 days. The medium was aspirated prior to the addition
of 200 p! of medium containing 10 uM buthionine shifoximine. The cells
were incubated, under the same conditions as previously described, for 5 h.
The medium was then aspirated and the cells rinsed twice with RPMI 1640
prior to the addition of varying concentrations of VBBO (0-2 puM for
EMTS6-8 cells; 0-20 pM for EMT6-R cells). The cells were incubated for a
further 3 h, rinsed twice with 200 pl RPMI and illumipated at 7.2 7 cm=2 or
kept dark. The cells were then grown on for three days at 37°C,
5% CO, : 95% air, A proportion of cells was left untreated on each plate as a
control. All drug dilutions were made using RPMI 1640 medium. Cyto-
toxicity was measured using the MTT assay [15].

RESULTS

Effect of buthionine sulfoximine on glutathione lelels in EMTG6-S and
EMTG6-R cells. The total glutathione content for EMTé-R cells was found to
be higher than that of EMT6-S cells, 21.84+2.54 L (mg protein)~! and
18.79£2.7 ug (mg protein)~!, respectively; however, this was not found to be
a significant difference (p > 0.05; Student r-test). BLLthionine sulfoximine
inhibited glutathione levels in both EMT6-S and EMT6-R cell lines in a
concentration-dependent manner (Fig. 1); however, some toxicity was
observed at all concentrations tested. Buthionine sulfoximine at a concen-
tration of 10 UM was effective in reducing cellular glutathione and showed
less than 10% toxicity. This concentration was therefore used for subsequent
experiments,

Effect of glutathione depletion on the cytotoxicity exerted by VBBO
against EMT6-S and EMT6-R cells. On first examination, VBBO photo-
cytotoxicity appeared to be enhanced when EMT6-S and EMT6-R cells were
exposed to 10 uM buthionine sulfoximine (Fig. 2a and b; ¢ and d, respective-
ly); however, the combined effect was lower than the additive effect of the
two agents, which are toxic in their own right. It was thus concluded that
glutathione depletion of EMT6-S and EMT6-R cells did not enhance the
photocytotoxic effect of VBBO.

Effect of verapamil on the cytotoxicity exerted by doxorubicin or VBBO
against EMT6-S and EMT6-R cells, The combined treatment of VBBO and
verapamil (7 uM) on EMT6-S and EMT6-R cells did not enhance VBBO
cytotoxicity in either cell line in the dark (Fig. 3a, b). By contrast, the ICs
value of doxorubicin for EMT6-S cells decreased by two-fold and for
EMTG6-R cells by eighteen-fold when used in combination with verapamil
(Fig. 3¢, d). This suggests that P-glycoprotein is not effective in bringing
about the efflux of VBBO since, if this were the case, verapamil would have
increased the dark toxicity of VBBO.
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however, cytotoxicity was not evident prior to 24 h.exposure. :Prolonged
exposure of buthionine sulfoximine, producing extended: glutathione
depletion, was associated with a G, and G,/M block in the cell:cycle leading
to a delay in cell-cycle progression and cell death in the murine 66 cells [22].

Initially the data appeared to indicate that the photocytotoxicity of VBBO
was enhanced by the addition of 10 M buthionine sulfoximine, particularly
in the case of EMTG6-S cells (Fig. 2a~d). However, since buthionine sulfo-
ximine and VBBO are both toxic in their own right, the additive effect of the
toxicity of the separate use of these two agents must be considered and

-compared to the effect exerted by buthionine sulfoximine combined with
VBBO. In each case, the additive effect of the agents’ toxicity was greater
than their combined effect (Fig. 2a-d), and it was thus concluded that gluta-
thione depletion of EMT6-S and EMT6-R cells did not enhance the photo-
cytotoxic effect of VBBO,

Lutzky et al. [23] reported that buthionine sulfoximine increased the uptake
and retention of daunorubicin in an anthracycline-resistant sub-line of the
HL60 human myelogenous leukaemia cell line. Crescimanno et al. [24],
however, showed that whilst doxorubicin cytotoxicity. in both the wild-type
Friend leukaemia cell line and a resistant sub-line was significantly increased
with the addition of buthionine sulfoximine, the accumulation: and retention
of doxorubicin was unaltered. Their study concluded that the status of
glutathione and glutathione-related enzymes plays an important role in the
resistance of Friend leukaemia cells to doxorubicin. There is therefore clearly
controversy surrounding the role of glutathjone and glutathione-related
enzymes in multi-drug resistance, however, on balance, there does appear to
be evidence to support the protective function of glutathione against singiet-
oxygen damage - although such protection is unlikely to be efficient [25].
Since deletion of glutathione: Jevels in EMT6-S and EMT6-R cells was not
found to enhance the cytotoxicity of VBBO, this suggests that the primary
site of action of VBBO is at an intracellular site not protected by glutathione,
and/or that the mechanism of action is via direct redox reaction between the
Photoexcited sensitiser and biomolecules.  VBBO is- highly. lipophilic
(log P = +3.5), positively charged and has been shown to localise preferen-
tially in the mitochondria of malignant cells (26]. Modica-Napolitano et al.
[26] have shown the dark toxicity of VBBO to involve uncoupling of oxi-
dative phosphorylation. By contrast, photoirradiation appears to alter the
mechanism of mitochondrial toxicity exerted by VBBO by producing
specific inhibition of Respiratory Complex I In this respect, VBBO appears
to exert a more specific effect on cells than -many other cationic photo-
sensitisers,

Verapamil is a potent inhibitor of P-glycoprotein [13] and its presence was
shown to increase the efficacy of doxorubicin, a known substrate for the
wansporter [13] (Fig. 3¢, d). A two-fold increase in the efficacy of doxo-
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rubicin was noted in the sensitive cells indicating that some P-glycoprotein is )
present in this cell line. However, the 18-fold increase in doxorubicin efficacy
seen in the resistant cell line clearly supports the overexpression of P-protein
in the EMT6-R cell line compared to the parental cell line [18]. By contrast, _
the presence of verapamil did not increase the cytotoxicity of VBBO in either
cell line in the dark (Fig. 3a and b) implying that VBBO is not effluxed by
P-glycoprotein.

Verapamil was shown to potentiate the cytotoxicity of doxorubicin
two-fold in EMT6-S cells. Cox [19] also found that addition of verapamil to
EMT6-S and TMT6-R resulted in an increased accumulation of doxorubicin
in both cell lines, albeit to a greater extent in the resistant cell line. This
suggests that either a small amount of P-glycoprotein is present in the
EMT6-S cell membranes and/or that verapamil also binds to the anionic
phospholipids in the membrane thus affecting the fluidity of the membrane.
The enhanced cytotoxic effect of doxorubicin shown in EMT6-R with the
addition of verapamil, however, suggests that the primary mode of action of
the chemosensitiser in this cell line, which is known to overexpress P-glyco-
protein [18], is via inhibition of P-glycoprotein. Since the addition of vera-
pamil did not enhance the cytotoxicity of VBBO, this suggests that VBBO is
not effluxed by P-glycoprotein, further supporting our hypothesis that VBBO
acts at a specific site within the cell,
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Abstract

The subcellular localisation of doxorubicin and Victoria Blue BO (VBBO) in a murine mammary tumour cell line
EMT6-8, and the resistant sub-line EMT6-R was studied, using confocal microscopy, in order to investigate their
sites of action. In cells treated with doxorubicin (10 #M) for 90 min, the pattern of intracellular drug distribution
differed between the two cell lines. Doxorubicin was found to localise mainly in the nucleus of the sensitive cell
line, whereas weak fluorescence was observed in the cytoplasm of the resistant cells, in a punctuate pattern, with
no nuclear involvement. The drug also appeared to be effiuxed more rapidly by the resistant cell line. The
accumulation of doxorubicin at various time intervals over 1 h in EMT6-S cells showed that the drug clearly
interacted with both the plasma membrane and the nucleus. In contrast to doxorubicin, the intracellular distribution
of VBBO in both EMT6-S and EMT6-R was similar, VBBO was clearly localised throughout the cytoplasm, in a
punctuate pattern, which may be consistent with the widespread distribution of mitochondria. A more apical
pattern of accumulation was noted in the EMT6-R cell line. No interaction with the plasma membrane was
evident. These results indicate that the main modes of action for the two drugs differ markedly, suggesting

involvement of both the membrane and the nucleus in the case of doxorubicin, but mitochondrial involvement for
VBBO.

Key words: Confocal, Doxorubicin, EMT6-R, EMT6-S, MDR, Victoria Blue BO

Introduction express P-glycoprotein (Pgp), a 170-180 kDa

glycoprotein which acts as an energy-dependent ef-

Multiple drug resistance (MDR) is a major problem in
cancer chemotherapy. In many cases the initial re-
sponse to treatment is encouraging, with tumour
shrinkage due to the elimination of drug-sensitive
cells, however, when relapse occurs, it is often associ-
ated with the development of drug resistance. There
remains a constant challenge to identify novel anti-
cancer agenfs to try to overcome the problem of
MDR. Acquired resistance occurs after exposure to
chemotherapeutic agents, and is often associated with
a decreased intraceliular concentration of the drug.
Tumour cells displaying the ‘classic’ MDR phenotype
are resistant to anthracyclines, Vinca alkaloids, epi-
dophyllotoxins, taxol and actinomycin D (Gottesman
and Pastan 1993), and have been found to over

flux pump, in their cell membrane. Pgp has also been
found in the Golgi apparatus (Molinasi et al. 1994)
and the nucleus (Baldini et al. 1995) of MDR cells.
Other studies suggest that Pep may act as an intracel-
lutar pH regulator, possibly sequestering drugs into
specific subcellular compartments which may mediate
efflux or affect their pH-dependent binding to cellular
targets (Thiebault et al. 1990; Roepe 1992).

MDR appears to be multifactorial, with many dif-
ferent mechanisms contributing to the MDR pheno-
type. One important phenomenon associated with
MDR is an altered subcellular drug distribution
(Schuurhuis et al. 1991). Various fluorescence studies
have demonstrated that the development of MDR is
associated with a relative shift of doxorubicin or
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daunorubicin fluorescence from the nucleus to the
cytoplasm (Schuurhuis et al. 1989; Broxterman et al.
1990; Gervasoni et al. 1991; Schuurhuis et al. 1991).
Schuurhuis et al. (1991) suggest that this phenomenon
may make an important contribution to the resistance
displayed against anthracyclines by MDR cells,
The intracellular distribution of the anthracycline,
doxorubicin, is of interest due to its widespread use in
the treatment of cancer and to extensive studies into
its mode of action (Carter 1975; Tewey et al. 1984;
Tritton 1991; Gewirtz 1999). The mechanisms by
which doxorubicin exerts its cytotoxicity have proved
to be very complex and several theories have been
proposed. It is known to act mainly by intercalation

with DNA and interaction with nucleic acids and .

nuclear components, such as DNA topoisomerase II
(Gabbay et al. 1976; Tritton 1991; Gewirtz 1999). In
addition, doxorubicin has been shown to be cytotoxic
without entering the cell and this cytotoxicity does not
necessarily correlate with DNA damage or inhibition
of DNA synthesis (Tritton and Yee 1982). Other
studies have shown that the mechanism of action may
be directly related to drug-membrane interactions and
particularly to drug lipid-interactions (De Wolf et al.
1991, 1993).

Phospholipids are extremely important in trans-
membrane signalling. Much attention has been focus-
sed on the role of phosphatidylinositols (in particular,
phosphatidylinositol bis-phosphate (PIP,)) in this pro-
cess (Nishizuka 1984); however, there is growing
evidence that phosphatidylcholine, sphingomyelin
and their metabolites are also important mediators of
signal transduction (Zeisel 1993). Tritton (1991)
postulates that doxorubicin exerts its cytotoxicity by
interacting with, and damaging the functions of, both
the plasma membrane and nuclear DNA, and that for
cytotoxicity to occur, the activation of the protein
kinase C (PKC) pathway, following membrane per-
turbation, is crucial for signal transduction between
the cell surface and the nucleus.

Doxorubicin has been shown to interact with other
subcellular targets, such as the cytoskeleton (Molinari
et al. 1990) and studies using cultured tumour cells
displaying multiple drug resistant (MDR) characteris-
tics have also demonstrated alterations in intracellular
drug accumulation and distribution (Gervasoni et al.
1991; Schuurhuis et al. 1991; Coley et al. 1993),
further adding to the complexity of the drug’s action.

A novel area of study involves the use of photo-
dynamic therapy employing agents based on commer-
cial cationic dyes with photodynamic potential, such

as the triarylmethane dye Victoria Blue BO (VBBO),
Studies comparing the cytotoxicity of VBBO with
that of the more conventional anti-cancer drug, doxo-
rubicin, in a murine mammary tumour cell line
EMT6-S, and the resistant sub-line EMT6-R, have
shown the MDR cell line to be considerably more
susceptible to VBBO than to doxorubicin (Wain-
wright et al. 1999). In addition, pre-treatment of
EMT6 celis with VBBO, prior to exposure to doxoru-
bicin, increased doxorubicin toxicity in both cell lines
two-fold, suggesting that VBBO is independent of the
Pgp efflux pump. This was confirmed by the addition
of verapamil, which increased the cytotoxicity of
doxorubicin against EMT6-R cells 18-fold, and
against EMT6-S cells 2-fold, but had no effect on the
cytotoxic effect of VBBO against these cell lines
(Burrow et al. 2000).

The aim of this study was to use confocal micro-
scopy to examine the intracellular localisation of
doxorubicin and VBBO in EMT6 cells, and to com-
pare their subcellular distribution,

Materials and methods

Intraceliular localisation of doxorubicin in treated
EMT6-S and EMTG6-R cells, following recovery in
drug-free medium

2 ml aliquots of EMT6-S and EMT6-R cells were
seeded at a cell density of 1X10* cells ml™" into 35
mm petri dishes (Falcon, Fahrenheit Laboratories,
Rotherham, UK) in RPMI 1640 medium, supple-
mental with 10% (v/v) foetal calf serum, 200 mM
L-glutamine (Sigma, Poole, UK), and penicillin/
streptomycin solution at 1 10* units ml™' and 10 mg
ml !, respectively, in 0.9% (w/v) Sigma). A sterile
quartz coverslip (suprasil, 0.5 mm diameter X 0.2 mm
thick, Heraeus Silica & Metals Ltd., Byfleet, UK) was
placed into each petri dish and the cells were allowed
to attach for 3 days (EMT6-S cells) or 4 days (EMT6-
R cells) whilst incubating at 37 °C, 5% CO,: 95% air.
A coverslip with attached EMT6-S cells was placed in
a flow cell which was adapted for use with the
confocal microscope by fixing to a microscope slide.
RPMI 1640 medium was added to the cells by the use
of an attached syringe and the cells were examined for
autofluorescence.

The incubating medium was aspirated from the
petri dishes, replaced with medium containing doxo-
rubicin (10 &M), and the cells were incubated for 90
min, under conditions described above. The cells were



rinsed with RPMI 1640 medium, incubated for a
further 40 min and examined with a scanning laser
confocal fluorescence microscope (objective lens
Zeiss 40X Ultafluar, numerical aperture (N.A.) 0.7)
fitted with an argon ion laser at 488 nm + assay
maximum projection,

Time course studies

EMT6-S and EMT6-R cells were grown as described
above. The incubating medium was aspirated from the
petri dishes, replaced with medium containing VBBO
at a concentration of 5 xM, and images were taken at
various intervals over the period of 1 h using a
scanning laser confocal fluorescence microscope (ob-
Jective lens Zeiss 40X Ultafluar, numerical aperture
(N.A)) 0.7) fitted with a heljum neon laser at 633 nm.
This procedure was repeated for EMT6-S cells using
doxorubicin at a concentration of 10 xM, and using
an argon ion laser at 488 nm for the confocal micro-
scopy.

Results

Intracellular localisation of doxorubicin in treated
EMTG6-S and EMT6-R cells, following recovery in
drug-free medium

Nuclear localisation of doxorubicin in the EMT6-S
cell line was clearly visible 40 min after rinsing the
cells with RPMI 1640 (Figures la — 1f) and some
cytoplasmic distribution was also seen (Figures 1b —
le). No evidence of localisation in the plasma mem-
brane was noted. In EMT6-R cells weak fluorescence
was seen in the cytoplasm, in a punctuate pattern
(Figures 2a — 2f) but no nuclear accumulation was
noted. The intensity was increased X 10 to image the
EMT6-R cells compared to that used with EMT6-S
cells.

Time course studies

Localisation of VBBO in EMT6-S cells was markedly
different to that of doxorubicin. The drug was taken
up rapidly by the cells and could clearly be seen after
4 min (Figure 3a). The concentration of drug in the
cell increased marginally over the next 11 min (Fig-
ures 3b — 3c¢) and remained constant until 60 min
when a slight decrease was noted (Figures 3d — 3g).
VBBO was clearly localised throughout the cyto-
plasm in a punctuate pattern, which may be consistent
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with the widespread distribution of mitochondria.
Some diffuse fluorescence was evident in the nuclear
region after 8 min(Figure 3b); however, this did not

. appear to increase over time.(Figures 3b — 3g). Inter-

estingly, there was no evidence of interaction with the
plasma membrane., ‘

Uptake of VBBO by the resistant cells appeared to
be slower than in the sensitive cells (Figures 4a — 4g))
with an increase in accumulation of the drug seen over
40 min(Figures 4a — 4f). This concentration did not
appear to change between 40 and 60 min(Figures 4f &
4g). VBBO was again seen to be localised throughout
the cytoplasm, however, there did appear to be an
apical accumulation of the drug in these cells, which
may indicate localisation within the Golgi apparatus
or mitochondria. Weak, diffuse fluorescence appeared
in the nuclear region after 8 min (Figure 4b) increas-
ing somewhat over 25 min(Figures 4b — 4e), How-
ever, the main area of localisation was the cytoplasm.
In common with EMT6-S cells no interaction with the
plasma membrane was seen.

Doxorubicin was also taken up rapidly by EMT6-S
cells and could be seen in the plasma membrane and
nucleus after only 2 min(Figure 5a). Localisation in
the plasma membrane and nucleus increased with
time up to 10 min(Figures 5a — 5d), however, very
liitle drug was seen in the cytoplasm. There also
appeared to be apical concentration of doxorubicin in
the plasma membrane of the cell (Figures 5a — 5g).
Figures 5¢ & 5d show considerable accumulation in
the plasma membrane, but subsequent- jmages show
this concentration to diminish (Figures Se — 5h). The
nuclear accumulation appeared to be slightly reduced
after 15 min (Figure 5e), and continued to diminish
over 400 min (Figure 5h).

Discussion

A clear difference was seen in intracellular doxorubi-
cin accumulation between EMTG6-S and EMT6-R
cells. Doxorubicin was shown to localise predomi-
nantly in the nucleus of the parental cell line, whereas
weak fluorescence was observed in the cytoplasm of
the EMTG6-R cells, in a punctuate pattern, but no
nuclear accumulation was observed. Meschini et a).
(1994) also found a lack of nuclear accumulation in
the resistant strain of the human breast cancer cell
line, MCF-7 DX; however, in contrast to our studies
these authors showed extensive cytoplasmic localisa-
tion. Other studies have also found distinct differ-


















cells. The intracellular concentration of the drug was
increased and it appeared to Iocalise in a specific area
close to the nucleus. This supports a recent study by
Rutherford and Willingham (1993) who identified the
accurnulation of anthracycline molecules in the mrans-
Golgi system of resistant cells which were also treated
with verapamil.

Several workers have shown that MDR can be
associated with altered intracellular drug accumula-
tion and Iocalisation (Fojo et al. 1985; Willingham et
al. 1986; Coley et al. 1993). Schunrhuis et al. 1991)
have suggested that, in addition to drug efflux, Pgp
may be involved in the relocalisation of drugs by
pumping them into other cellular organelles away
from their cytotoxic targets. Other studies suggest that
a pH shift in some cytoplasmic organelles may con-
tribute to the redistribution of anticancer drugs in
MDR cells (Thiebault et al. 1990: Schindler et al.
1996). Anthracyclines accumulate in their protonated
form on the side of the membrane at which the pH is
lower, due to their basic character, suggesting that
cationic molecules become trapped in acidic cyto-
plasmic vesicles (Millot et al. 1997).

Doxorubicin was rapidly taken up by EMT6-S
cells, with the drug clearly localising in the plasma
membrane and nucleus after only 2 mm. The drug
continued to accumulate in the plasma membrane and
nucleus for up to 10 min; however, very little fluores-
cence was noted in the cytoplasm. This supports the
mechanism of action suggested by Tritton (1991) who
proposed that perturbation of the membrane induces
subsequent signal transduction via diacylglycerol and
protein kinase C. In these studies Tritton was able to
emphasise a cytotoxic, nuclear response which did not
involve drug -~ nucleus interaction by binding to
polymers to prevent uptake. There also appeared to be
apical concentration of doxorubicin in the plasma
membrane of the sensitive cells. Considerable ac-
cumulation of doxorubicin in the plasma membrane
was evident up to 10 min, although after this time the
localisation changed. The nuclear accumulation did
not appear to increase, therefore it must be assumed
that the doxorubicin diffused out of the cell into the
surrounding medium, Less nuclear accumulation was
seen after 15 min and very little fluorescence was
noted in the plasma membrane or cytoplasm.

Meschini et al. (1994) studied the intracellular
localisation of doxorubicin in Ml4 human melanoma
cells and in MCF-7 human breast cancer cells (both
sensitive and resistant cell lines). Following treatment
over 1 h with 1 wgml™' doxorubicin, the drug local-
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ised in the nuclei of the parental cell lines, with only
weak cytoplasmic fluorescence seen in some cells.
This is in good agreement with the findings of the
present study. Meschini et al. (1994) also examined
cells which had previously been exposed to doxorubi-
cin but were then allowed to recover for 71 h in a
drug-free medium. Complete efflux of doxorubicin
from the nucleus was shown, with occasional flnores-
cent vesicular structures localised to perinuclear re-
gions in the cytoplasm. Other workers (Peterson and
Truet 1978; Hindenburg et al. 1987; Vale 1987) have
suggested that doxorubicin diffuses across the mem-
brane and binds to anionic vesicles which are trans-
poried back to the cell surface via microtubules.
Meschini et al. (1994) support this hypothesis, and
suggest that the accumulation of doxorubicin in the
perinuclear region may indicate binding to pre-lyso-
somes and the Golgi apparatus since these organelles
are associated with the transport of secretory vesicles
to the cell surface. Doxorubicin is also known to
localise in mitochondria and to exert some cytotoxici-
ty via damage to the electron transfer chain in mito-
chondria (Goormatigh and Russchaert 1984; Ellis et
al. 1987).

The intracellular distribution of VBBO was found
to be markedly different to that of doxorubicin. VBBO
was taken up extremely rapidly, with intense fluores-
cence evident after only 4 min, increasing only margi-
nally up to 15 min. The concentration of the drug
appeared to be constant up to 60 min when a slight
decrease was noted. VBBO was clearly distributed
widely throughout the cytoplasm, in a punctuate
pattern, which may be consistent with the distribution
of mitochondria. Very little evidence of nuclear locali-
sation was seen. In contrast to doxorubicin, no inter-
action between VBBO and the plasma membrane was
demonstrated. The resistant cell line initially appeared
to show slower uptake of VBBO than the parental
fine, with a more gradual increase in cellular accumu-
lation. Equilibration was seen at 40 min, compared to
15 min in EMTG6-S cells. Although similar distribu-
tion of the drug was seen throughout the cytoplasm in
each cell line, there appeared to be an apical con-
centration of doxorubicin in the resistant line. Very
little nuclear association was observed and there was
no apparent interaction with the plasma membrane.
The punctuate pattern of distribution within the cyto-
plasm suggests that the intracellular localisation of
VBBO may be consistent with mitochondrial dis-
tribution in BMTG cells, in agreement with other
workers who have previously shown localisation of
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the dye in the mitochondria of tumour cells (Modica-
Napolitano et al, 1990; Fiedorowicz et al. 1993).
Interestingly, little difference was found between the
intracellular distribution of YBBO in EMT6-S and
EMT6-R cells, in contrast to that of doxorubicin. This
supports previous studies comparing the cytotoxic
effect of VBBO with doxorubicin which showed that
EMT6-R cells required almost 100-fold more doxoru-
bicin to overcome the resistance compared to EMT6-
S cells, whereas only a 10-fold increase in concen-
tration was required for VBBO (Wainwright et al.
1999). These studies also showed that VBBO does
not appear to be effluxed by, or interact with, Pgp,
which supports the lack of membrane localisation
shown by VBBO in EMT6 cells. Even so whilst
VBBO is thought to initiate its effect via free radical
generation the level of cellular Glutatione has been
found to be independent of cytotoxicity and this agent
has been postulated to require a specific sub-cellular
localisation for effect (Burrow et al. 2000)

These results indicate that the main modes of action
for the two drugs, VBBO and doxorubicin, differ
markedly, demonstrating interaction with both the
membrane and the nucleus in the case of doxorubicin,
but mitochondrial involvement for VBBO.
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Appendix A

Measure Of Relative Contribution And An
Overview Of The Co-Authors Roles



A.1 Relative Contribution.

The table below gives an overview of which papers were peer reviewed, their location
within the DSc thesis and an estimate of the contribution made by Phoenix. With the
exception of the papers involving Korotkov in Chapter 2 all the publications originated
from work designed and undertaken by Phoenix or students associated with his research
group. In the latter case the work was generated by collaboration between Phoenix and
Korotkov’s group at the Russian Academy of Science, using Royal Society Funding
obtained by Phoenix. In addition the mutant movement proteins analysed in the
Biopolymers paper (Chapter 1) were prepared by Wang’s group at the Chinese Academy

of Science.
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Biology, (1996), {Intemational meeting), Theoretical Investigation Into The Occurrence Of
Latent Periodicity Within DNA Sequences And Its Relationship To Protein Structure.

MGS Philosophical Society, (1996), Antibiotics : Wonder Drugs Or Doomsday Weapons.
University of Reading, SGM Meeting on Microbial Lipoconjugates, (1997), {International
meeting, keynote address}, Protein Amphiphilicity As A Means Of Membrane Protein
Interaction.

University of Central Lancashire, meeting on research development in HE, (1998), The
reflective practitioner,

VI meeting on Lipid metabolism, Portugal, (1998), {international meeting}, Detection and
analysis of lipid interactive helices.

Biomed symposium, Lancashire Postgraduate Medical School, (1 999), Membranes as targets
and barriers in drug development.

At the NW CBI business lecture, (2001), Multi-disciplinary science environments, and
business.

West Lakes Science Institute, (2001), Crime, Science and the Future.

John Moores University, (2003), Structure - function analysis of amphiphilic_helices.

1* international symposium on Integrated Research approaches for clinical applications,
(2003), (International meeting), Theoretical analysis of medically relevant amphiphilic
peptides: Greece.

Peptide Membrane Interactions, 1 Intemnational Congress (2004), Namur, Belgium.The N-
terminal region of the Barley Yellow Dwarf Virus Movement Protein shows the potential to
form a lipid interactive oblique orientated a-helix

The Academy of Pharmaceutical Sciences of Great Britain, London. Conference — Natural
products active against human pathogens, (2006) Photodynamic Antimicrobial Products.



Shanghai int. Conference on Physiological Biophysics (2008) Biophysical Investigations into
the role of lipid/membranes in the activation of Calpain 2, an eye lens enzyme believed to
participate in cataract., China

Shanghai International conference on Physiological Biophysics (2008) Age reflated changes in
morphology and on protein synthesis and release in rat lacrimal acinar cells. Mechanism for
dry eye syndrome following ageing. China

12.0 Sessions Chaired and Organised:

Society of General Microbiology, Symposium on drug resistance and the microbial cell
envelope, UMIST, 1993,

Society of General Microbiclogy , Symposium on bacterial cell wall assembly, University of
Edinburgh, 1997.

Biochemical Society, Symposium on mechanisms of membrane protein anchoring, University
of Manchester 1995.

Member International Scientific Committee for 1% International Symposium on integrated
approaches for clinical applications and practices, Greece, 2003

Member International Scientific Committee for 2nd International Symposium on integrated
approaches for clinical applications and practices, Greece, 2005

Member Intermnational Scientific Commitiee for 2nd Shanghai International Symposium on
Physiological Biophysics, Fudan University, China 2006

Member International Advisory committee for Frontiers in Biotechnology and Bioinformatics,
Mumbai, India 2007

13.0 Publications List:

13.1 Books and Symposia. (for book chapters see section 13.2)

Membrane Protein Insertion (Ed. D. A. Phoenix) 1995, Biochem. Soc. Trans. 23, 959-991.

Introductory Mathematics for Life Scientists, Phoenix D. A., 1997, publishers Taylor and
Francis, ISBN 0 7484 0484 0428 7 pp 230.

Protein Targeting and Translocation - Xll Research Monograph of the Biochemical Society.
(Ed. D. A. Phoenix) 1998, Portland Press, ISBN 1 85578 1212 pp300.

Protein Targeting and Translocation (Ed. D. A. Phoenix) 1898, Princeton University Press,
ISBN 0 691 00901 5 pp300.

Transcription (Ed. D. A. Phoenix) 2001, Brown and Brown, publishers Taylor and Francis ,
ISBN 041527199 1. pp 158

Structure — Function Relationships of Amphiphilic Alpha Helical Peptides (Eds D. A. Phoenix
& F Harris) 2008, Special Edition Current Protein and Peptide Science, Bentham Publishers,
Vol 7 Issue 6, ISSN 1389-2037

13.2 Book Chapters (* indicates peer review)

L ]

Latent periodicity within some human gene *. Korotkov, E. V. & Phoenix, D. A. (1997) The
Pacific Symposium on Biocomputing ‘97 (Eds R. B. Altman, A. K. Dunker, L Hunter & T. E.
Klein), World Scientific Press, pp222-231. ISBN 981-02-3005-2

Interaction of amphiphilic structures at the membrane interface. Harris, F. & Phoenix, D. A.
(1998) In Protein Targeting. (Ed. D. A. Phoenix) Portland Press, pp19-36 ISBN 1 85578 1212.

Protein targeting Phoenix, D. A. (1998) In Protein Targeting (Ed. D. A. Phoenix) Portland
Press, pp iii-v ISBN 1 855678 1212,



Use of interrelated third year projects on a biology degree course to increase motivation.*
Phoenix, D. A. (1998) In Innovations in Teaching Science II, (Eds | Moore and K Exley) by
SEDA pp101-107.

Amphiphilic alpha helices and lipid interactions * Phoenix, D. A. & Wallace, J. (1999) Lipid
metabolism and reiated pathology Vol. I. (Ed M J Halper) pp83-91 ISBN 972-95205-8-5,

Photoactivation-a means for enhancing the antimicrobial activity of phenothiazines
M.Wainwright & D.A. Phoenix in The Antimicrobial Activity of Non-Antibiotics, (Eds L. Amaral
& J.E. Kristiansen).

Are C-terminal alpha-helices ubiquitous as peptidase membrane anchors?* Harris, F.,
Wallace, J., Dennison, S., Swan, R. & Phoenix, D. A. (2003) Recent Research
Developments in Biochemistry (2002), 3, pp479-493. ISBN 81-7736-155-4

Phenothiazinium based photo-sensitisers: a novel approach to antibacterial therapy.* Harris,
F. and Phoenix, D. A. (2005) Recent Research Developmets in Microbiology, 8, pp131-145
ISBN 81-7736-211-9 .

13.3 Reviews.

Membrane anchoring of the low molecular mass penicillin binding proteins of E._ coli
Phoenix, D. A. & Harris, F. (1995) Biochem. Soc. Trans., 23, 976-980.

Penicillin Binding Proteins and their modes of membrane interaction. Gittins, J., Pratt, J. M. &
Phoenix, D. A. (1994) FEMS Microbiol. Rev., 13, 1-12.

beta-lactams and the future of antibiotics. Harris, F., Chatfield, L. & Phoenix, D. A. (1995)
Biologist, 42, 62-64.

beta-lactams and the future of antibiotics. Harris, F., Chatfield, L. & Phoenix, D. A. (1995)
Australian Biologist, 8, 157-163.

Photodynamic therapy - a light in cancer treatment. Wainwright, M. & Phoenix, D. A. (1995)
Biologist, 42, 151-153.

Outer membrane assembly of E. coli PhoE. Phoenix, D. A. (1996) FEMS Immunol. Med.
Microbiol., 16, 77-82.

The E. coli low molecular mass PBPs and a putative protein complex. Harmis, F. & Phoenix,
D. A. (1997) Biol. Membrany, 14, 387-401.

The E._coli low molecular mass PBPs and a putative protein complex. Harris, F. & Phoenix,
D. A. (1998) Mem. Cell. Biol., 11, 453-457. :

Protein targeting - How do you tell a protein where to go. Phoenix, D. A. (1999) J. Biol. Ed.,
33,71-74,

The treatment of cataracts. Biswas, S., Harris, F. & Phoenix, D. A. (2001) Biologist, 48, 273-
277.

Gene Therapy. Harris, F., Chatfield, L. K., & Phoenix, D. A. (2001) Biologist, 49, 25-28.

The prediction of amphiphilic alpha helices. Phoenix, D. A., Harris, F., Daman, O. A. &
Wallace J. (2002) Curr Prot. Pep. Sci., 3, 201-221.

The hydrophobic moment and its use in the classification of amphiphilic structure. Harris, F. &
Phoenix, D. A. (2002) Mol. Mem. Biol., 19, 1-10.



Antimicrobial therapy: New solutions to an old problem. Phoenix, D. A., Chatfield L. A,
Dennison, S., Hussain, S., Sayed, Z., & Harris, F. (2003) J.Q.LR L., 1, 44-61.

DNA profiling: The forensic magic bullet. Goodwin, W., Harris, F. & Phoenix, D. A. (2003)
The Biochemist, 25, 12-14.

Making light work of antimicrobial therapy. Harris, F., Hussain, S., Sayed, Z., & Phoenix, D.
A. (2003) J.Q.L.R., 1, 125-137.

Phenothazinium based photosensitisers: antibacterials of the future? Phoenix, D. A, &
Harris. F. (2003) Trends in Molecutar Medicine. 9, 283-285

is use of the hydrophobic moment a sound basis for predicting the structure-function
relationships of membrane interactive a-helices? Phoenix, D. A. & Harris, F. (2003) Curr.
Prot. Peptide Sci. 4, 357-366.

Role of calpains in diabetes mellitus. Harris, F., Chatfield, L. K., Singh, J & Phoenix, D. A.
(2004) Mol. Cell. Biochem., 261, 161-169.

Role of calpains in diabetes mellitus induced cataracfogenesis. Biswas, $., Hatrris, F., Singh,
J & Phoenix, D. A. (2004) Mol. Cell. Biochem. 261, 151-159

Calpains: targets of cataract prevention. Biswas, S., Harris, F. & Phoenix, D. A. (2004)
Trends in Molecular Medicine 10, 78-94.

Helical antimicrobial peptides and their structure / function relationships. Dennison, S. R,,
Wallace, J., Harris, F. & Phoenix, D. A. {2005). Prot. Peptide Lett., 12 , 31-39.

Beneficial effect and mechanism of actions of M.charantio in the treatment of diabetes
mellitus. Garau, C., Cummings, E., Phoenix, D. A. and Singh, J., (2005). Int. J Diabetes &
Metabolism, 11, 48-55.

Calpains ~ Enzymes of vision? Biswas, S., Harris, F. and Phoenix, D. A. (2005) Medical
Science Monitor, 11, 301-310.

Phenothiazinium based photosensitisers — photodynamic agents with a multiplicity of clinical
applications. Harris, F., Chatfield, L. K. and Phoenix, D. A. (2005) Curr. Drug Targets, 6, 615-
627.

Light activated compounds as antimicrobial agents. Phoenix, D. A. and Harris, F., (2006),
Recent Patents in Anti-Infective Drug Discovery, 1, 181-199

Diabetes and cardiovascular risk faclors: current therapeutic approaches. Kalofoutis, C.,
Piperi, C., Kalofoutis, A., Harris, F., Phoenix, D. A. and Singh, J., (2007}, Expt. Cardiology,
12. 17-28.

Differences in expression of cardiovascular risk factors among Type 2 Diabetes meliitus
{T2DM) patients of different age. Kalofoutis, C, Piperi, C, Zisaki, A. K, Singh, J, Lea, R. W,.
Phoenix, D. A, Alaveras, A and Kalofoutis. A (2006). Annals N.Y. Acad. Sci., 1048, 166-
177.

Calpains and their muitiple roles in diabetes mellitus Harris, H, Biswas, S, Singh, J,
Dennison, S and Phoenix, D. A. (2008).. Annals N.Y. Acad. Sci., 1048, 452-480.

Anticancer a-helical peptides and structure / function relationships underpinning their
interactions with tumour cell membranes. Dennison, S. R. Whittaker, S. M., Harris, F. &
Phoenix, D. A. (2008) Curr. Prot. Pept. Sci, 7, 487-501.



Oblique onientated o-helices and their prediction. Hamis, F., Daman, A.Wallace,
J., Dennison, S. R., and Phoenix, D. A, (2008). Curr. Prot. Pept. Sci., 7, 529-539.

13.4 Main Research Papers:

pH induced insertion of the amphiphilic alpha -helical anchor of E._coli penicillin binding
protein 5. Phoenix, D. A. & Pratt, J. M. (1990) Eur. J. Biochem., 190, 365-369.

Membrane interaction of E. coli penicillin binding protein 5 is modulated by the
ectomembranous domain. Phoenix, D. A. & Pratt,’ J. M. (1993) FEBS Lett., 322, 215-218,

Phosphatidyiglycerol dependent protein transilocation across the E._coli inner membrane is
inhibited by the anti-cancer drug doxorubicin : Evidence for an electrostatic interaction
between the signal saquence & phosphatidylglycerol. Phoenix, D. A., de Wolf, F., Staffhorst,
W. H. M., Hikita, C., Mizushima, S. & de Kruijff, B. (1993) FEBS Lett., 324, 113-116.

OmpF-Lpp signal sequence mutants with varying charge: hydrophobicity ratios provide
evidence for a phosphatidyiglycerol - signal sequence interaction during franslocation across
the E. coli inner membrane. Phoenix, D. A_, Kusters, R., Hikita, C., Mizushima, S. & de
Kruijff, B, (1993) J. Biol. Chem., 268, 17069-17073,

E._coli penicillin binding protein 6 possesses a C-terminal amphiphilic alpha -helical anchor.
Phoenix, D. A., Peters, S. E., Ramazan, M. A. & Pratt, J. M. (1984) Microbiol., 140, 73-77.

Depletion of anionic phospholipids has no observable effect on the anchoring of PBP5 to the
inner membrane of E. coli. Haris, F., Chatfield, L. & Phoenix, D. A. (1995) FEMS Microbiol.
Lett., 129, 215-220.

Monte-Carlo analysis of potential C-terminal membrane interactive helices. Pewsey, A.,
Phoenix, D. A & Roberts, M. (1896) Prot. Pep. Lett., 3,185-192.

Development of a prokaryotic model for studying anthracycline - membrane interactions.
Burrow, S., Rolph, R., & Phoenix, D. A. (1996) FEMS Microbiol. Lett., 145, 281-286.

investigation into the surface activity of C-terminal homologues of E. coli low MWt PBPs
Harris, F. & Phoenix, D. A. (1996) Biochemie, 79, 171-174.

An algorithm for the detection of surface active helices. Robert, M., Phoenix, D. A., &
Pewsey, A. (1997) CABIOS, 13, 99-106.

A study of photobactericidal activity in the phenothiazinium series. Wainwright, M., Phoenix,
D. A., Mariand, J., Wareing, D. & Bolton, E. (1997) FEMS Immunol. Med. Microbiol., 19, 75-
80.

Statistical modelling of codon bias within E. coli coding regions. Phoenix, D. A. & Korotkov,
E. (1997) FEMS Microbiol. Lett,. 155, 63-66.

Alpha helical conformation in the C-terminal anchoring domains of E. coli PBPs 4, 5 & 6.
Siligardi, G., Hamis, F., Drake, A, & Phoenix, D.A. (1997) Biochim. Biophys. Acta., 1329,
278-284.

MiIRs are present in coding regions of human genomes. Tulko, J. S., Korotkov, E. & Phoenix,
D. A. (1997) DNA Sequence, 8, 31-38.

Increased antibacterial activity of aminoacridines using non-laser photoactivation Wainwright,
W., Phoenix, D. A, Marand, J., Wareing, J. J. & Bolton, E. (1997) J. Antimicrob.
Chemother., 40, 587-589.



Increased cytotoxicity and phototoxicity in the methylene blue series via chromophore
methylation. Wainwright, M., Phoenix, D. A, Rice, L., & Wareing, J. J. (1997) J.
Photochem. Photobiol. B ; Biology, 40, 587-589.

The hydrophobic moment plot and its efficacy in the prediction and classification of
membrane interactive proteins and peptides. Phoenix, D. A, Stanworth, A. & Harris, F.
(1998), Mem. Cell Biol., 12, 101-110.

The hydrophobic moment plot and its efficacy in the prediction and classification of
membrane inferactive proteins and peptides. Phoenix, D. A, & Harris, F. (1998) Biol.
Membrany, 15, 83-89

Membrane binding of E. coli PBP4 is predominantly electrostatic in nature and occurs af a
specific binding site. Harris, F. & Phoenix, D. A. (1998) Prot. Pep. Lett., 5, 63-66.

Photobactericidal activity of phenothiazinium dyes against methicillin resistant strains of
Staphylococcus aureus. Wainwright, W., Phoenix, D. A., Laycock, S., Wareing, D. R. A. &
Wright, P.A. (1998) FEMS Microbiol. Lett., 160, 177-181.

Comparison of the baclericidal and photobactericidal efficacy of bisacridines and acridines
against a range of pathogens. Wainwright, W., Phoenix, D. A., Marland, J., Wareing, D. R. A.
& Bolton, E. (1998) Applied Microbiol. Lett., 26, 404-406.

An investigation into the lipid interactions of peptides comresponding to the C-terminal
anchoring domains of E. coli PBP5 and 6. Harris ., Demel, R., de Kmuijjff, B. & Phoenix, D.
A. (1998) Biochim. Biophys. Acta., 1415, 10-22.

Cytotoxicity and adjuvant acfivity of cationic photosensitisers in a multidrug resistant cell line.
Wainwright, M., Phoenix, D. A., Burrow, S. M. & Waring, J. (1999) J. Chemother., 11, 61-68.

Uptake and cell-killing activities of a series of Victoria blue derivatives in a mouse mammary
tumour cell line. Wainwright, M., Burrow S,, Guinot, S. G. R, Phoenix, D. A_, & Wareing J. J.
(1999) Cytotechnology, 29, 35-43.

Relationships among nucleotide sequences reveal an order in the assimilation of amino acid
codons during the isoacceptor tRNAs evolution. Chaley, M. B., Korotkov, E. V. & Phoenix, D.
A. (1999) J. Mol. Evol, 48, 168-177.

Photobactericidal activity of methylene blue derivatives against vancomycin resistant
Enterococcus spp. Wainwright, M., Phoenix, D. A. Gaskell, M & Marshall, B, (1999) J.
Antimicrob. Chemother., 44, 823-825.

Activity of Methylene Blue derivafives against pigmented melanoma cell lines.
Rice, R., Wainwright, M. & Phoenix, D, A. (2000) J. Chemother,, 12, 94-104.

Reduced cellular glutathione levels do not affect the cytotoxicily or photocytofoxicity of the
cationic photosensitiser Victoria biue BO. Burrow, M., Phoenix, D. A., Wainwright, M. &
Waring, J.J. (2000) Mem. Cell Biol., 14, 357-366.

Reduced cellufar glutathione levels do not affect the cytotoxicily or photocytotoxicity of the
cationic photosensitiser victoria blue BO. Burrow, M., Phoenix, D. A., Wainwright, M. &
Wareing, J. J. (2000) Biol. Membrany, 17, 282-288.

Analysis of the membrane interactive potential of the E. coli PBP6b C-terminus. Phoenix, D.
A: & Wallace, J. (2000) Prot. Pep. Lett., 7, 99-104.

Use of the Hydrophobic moment plot to aid the identification of oblique orientated alpha
helices. Harris, F., Wallace, J. & Phoenix, D. A. (2000) Mol. Mem. Biol., 17, 201-207.



A study of the membrane binding of E._coli PBP5. Phoenix, D. A. & Harris, F. (2001) Mem.
Cell Biol., 18, 38-41.

An FTIR investigation into lipid interactions of peptides comesponding to the C-terminal
anchoring regions of E.coli PBP4 and 5. Brandenberg, K., Haris, F., Phoenix, D. A. &
Seydel, U, (2001) Mem. Cell Biol., 18, 395-399.

An investigation into the membrane interactive potential of the KpsE C-terminus. Phoenix, D.
A, Brandenberg, K., Harris, F., Seydel, U., Hammerton, T, & Roberts, I. (2002) Biochem.
Biophys. Res. Comm:., 280, 427-430.

Theorstical investigation into the lipid interaction of m-calpain. Daman, O. A., Biswas, S,
Harris, F., Wallace, J & Phoenix D. A. (2001) Mol. Cell. Biochem., 223, 159-163.

Phenothiaziniums as putative photobactericidal agents for red blood cell contamination by Y.
enteroccolitica. Wainwright, M., Phoenix, D. A., Smillie, T. E & Wareing, J. J. (2001) J.
Chemother., 13, 503-509.

Intraceliular localisation studies of doxorubicin and Victoria blue BO in EMT6-S and EMT6-R
cells using confocal microscopy. Burrow, S., Phoenix, D. A., Wainwright, M., Wareing, J. J. &
Tobin, M. (2002) Cytotechnology, 39, 15-25.

investigations into the mechanisms used by the C-terminal anchors of E.coli PBPs 4,5,6 and
6b for membrane interaction. Harmis, F., Brandenberg, K., Seydel, U., & Phoenix, D. A,
(2002) Eur. J. Biochem., 269, 5821-5829.

A study on the C-terminal membrane anchoring of E.coli PBPS. Brandenberg, K., Harris, F.,
Phoenix, D. A. & Seydel, U. (2002) Biochem. Biophys. Res. Comm., 280, 427-430.

The use of new methylene blue in Ps. aeurginosa biofilm destruction. Wainwright, M.,
Phoenix, D. A., Nickson, P. B. & Morton, G. (2002) Biofouling, 18, 247-249.

Domain V of m-calpain shows the potential to forrn an oblique orientated alpha -helix, which
may modulate the enzymes activity via interactions with anionic lipid. Brandenberg, K., Harris,
F., Dennison, S., & Phoenix, D. A. (2002) Eur. J. Biochem., 269, 5416- 5472.

A statistical investigation of amphiphilic properties of C-terminally anchored peptidases.
Wallace, J., Harris, F. & Phoenix, D. A. (2003) Eur. J. Biophys., 32, 589-598.

The photo-toxicity of phenothiazinium derivatives against Escherichia coli and
Staphylococcus aureus. Phoenix, D. A., Sayed, Z., Hussain, S., Harris, F. and Wainwright,
M (2003). FEMS Immunol. Med. Microbiol. 39, 17-22

Factors determining the efficacy of alpha helical antimicrobial peptides. Dennison, S. R,,
Harris, F. & Phoenix, D. A. (2003) Prot. Peptide Lett., 10, 497-502.

The in_vitro retardation of porcine cataractogenesis by the calpain inhibifor, SJA6017.
Biswas, S., Harris, F., Singh, J & Phoenix, D. A. (2004) Mol. Cell. Biochem., 261, 169-173.

investigation of hydrophobic moment and hydrophobicity properties for transmembrane a-
helices. Wallace, J., Daman, O. A., Harris, F. and Phoenix, D. A. (2004), J. Theoretic. Biol.
Med. Model., 1, 1-11.

An investigation into the potential of phenothiazinium-based photosensitisers to act as PDT
agents. Harris, F., Sayed, Z., Hussain, S. and Phoenix, D. A. (2004) Photodiagnosis and
Photodynamic Therapy. 1, 231-239.

A study on the bacterial photo-toxicity of phenothiazinium based photosensitisers. Sayed, Z.,
Harris, F. and Phoenix, D. A. (2004) FEMS immunol. Med. Microbiol. 43, 367-372



Are oblique orientated a-helices used by antimicrobial peptides for membrane invasion?
Dennison, S. R., Harris, F., & Phoenix, D. A. (2005) Prot. Peplide Lett.. 12, 27-29.

Interaction between the movement protein of barley yellow dwarf virus and the cell nuclear
envelope : Role of a putative amphiphilic alpha helix at the N-terminus of the movement
profein. Liu, K., Xia, Z., Zhang Y., Weg Y., Wang, D., Brandenberg, K., Harris, F. and
Phoenix, D. A. (2005). Biopolymers, 79, 86-96

Investigation into the membrane interactions of m-calpain domain V using neutron diffraction.
Dennison, S. R., Hauss, T,, Dante, S., Brandenberg, K., Harris, F. W. C., Phoenix, D.A.
(2005) Biophysics J. 88, 3008-3017.

An investigation into the photo-toxicity of phenothiazinium based photosensitisers to bacterial
membranes. Hussain, S., Harris, F. and Phoenix, D. A. (20068) FEMS Immunol. Med.
Microbiol., 46, 124-130.

Affects of strepteozotocin induced type | diabetes mellitus on protein and iron concentrations
in ocular tissues of the rat. Roy, K., Harmris, F., Dennison, S., Phoenix, D. A. and Singh, J
(2005) Int.J.Diabetes and Metabolism, 13, 164-185.

Refationships between the physicochemical properties, microbial specificity and antimicrobial
activity of a-helical antimicrobiaf pepfides: a statistical investigation. Dennison, S. R., Wallace,
J., Hartis, F. and Phoenix, D. A., (2005) Curr. Topics Peptide Protein Research, 7, 53-62.

An Investigation into the ability to define transmembrane protein spans using the biophysical
properties of amino acid residues. Daman, O., Wallace, J. Harris, F., and Phoenix, D. A,
(2005), Mol. Cell. Biochem., 275, 189-197

Deuteration can affect the conformational behaviour of amphiphilic alpha-helical peptides.
Dennison, S. R., Dante, S., Hauss, T., Brandenberg, K., Harris F., and Phoenix, D. A,,
(2006), Biophys. Chem., 119, 115-120

The Prediction of Hydrophobicity Gradients Within Transmembrane a-Helices Using a Novel
Graphical Technique, Harris F, Dennison, S. R. & Phoenix, D. A. (2006)Protein Pept. Lett.
13, 595-600. :

Investigations into the ability of an oblique alphahelical template to provide the basis for
design of an antimicrobial anionic amphiphilic peptide. Dennison, 8. R., Morton, L. H. G,
Brandenburg, K., Harris, F., Phoenix, D. A., (2006), FEBS Journal 273, 3792-2803.

Interactions of an anionic antimicrobial peptide with Staphylococcus aureus membranes,
Dennison, 8. R., Howe, J., Morton, Leslie H. G., Brandenburg, K., Harris, F., and Phoenix,
D. A. (2008) Biochem. Biophys Res Comm 347, 1006-1010.

Antimicrobial properties of a lipid interactive a-helical peptide VP1 against Stapylococcus
aureus bacteria. Dennison, S. R., Morton, L. H. G., Harmris, F. and Phoenix, D. A (2007)
Biophys. Chem. 129, 279-283.

The interactions of aurein 1.2 with cancer cell membranes. Dennison, S. R., Harris, F. and
Phoenix, D. A., (2007) Biophys. Chem., 127, 78-83.

The interaction of cell penelrating peptide Tat with model membranes: a biophysical study.
Dennison, S. R., Baker, R. D., Nicholl, |. D., and Phoenix, D. A., (2007) Biochem. Biophys.
Res. Comm., 363, 178-182.

Characterisation of the N-ferminal segment used by the barley yellow dwarf virus movement
protein to promote interaction with the nuclear membrane of host plat cells. Dennison, S. R.,
Harris, F., Brandenburg, K. and Phoenix, D. A., (2007) Peptide In Press.



The impact of membrane lipid composition on antibacterial function of an a-helical peptide
Dennison, S. R., Morton, L. H. G., Harris, F. and Phoenix, D. A. (2007). Chemistry and
Physics of Lipids, In press.

13.5 Short Papers :

Investigation into the structural features of the_E. coli penicillin binding protein 5 C-terminal
anchor. Phoenix, D. A. (1989) Biochem, Soc. Trans., 18, 948-949.

Characterisation of a class of amphiphilic alpha -helical anchors. Phoenix, D. A. (1993)
Biochem. Soc. Trans., 21, 2258S. g

Energetics of prePhoE transiocation across the E. coli inner membrane. Phoenix, D. A.
(1993) Biochem. Soc. Trans., 21, 3418S.

Investigation into the lipid requirement for the membrane anchoring of E_coli PBP5. Phoenix,
D. A. (1994) Biochem. Soc. Trans., 22, 31S.

Possible involvement of anionic phospholipids in the anchoring of PBPS to the E. coli inner
membrane. Harris, F., Chatfield, L. & Phoenix, D. A. (1994) Biochem. Soc. Trans., 22, 32S.

Comparison of the potential membrane insertion geometry's of E. coli low molecular weight
PBP anchors. .Roberts, M. G. & Phoenix, D. A. (1994) Biochem. Soc. Trans, 22, 33S

Codon bias in E. coli may modulate translation initiation. Collins, R. F., Roberts, M. G. &
Phoenix, D. A. (1994) Biochem. Soc. Trans., 22, 76S

Devejopment of a prokaryotic modsl for studying anthracycline - membrane inferactions
Burrow, S. M., Wareing, J. J. & Phoenix, D.A. (1994) Biochem. Soc. Trans., 22, 397S.

Investigations of a series of novel cationic photosensitisers and their potential use in
photodynamic  therapy. Burrow, S. M., Guinot, S., Wainwright, M., Wareing, J.J. & Phoenix,
D. A. (1995) Biochem Soc. Trans., 23, 260S.

Analysis of PBPS lipid interactions in E. coli. Harris, F., Chatfield, L., & Phoenix, D. A. (1995)
Miami Short Reports, Vol. 6, Advances in gene technology : Protein engineering and
structural biology (Eds. W. J. Whelan ef al.,), p47, IRL Press.

Statistical analysis of the importance of the low molecular weight PBP anchor sequences.
Pewsey, A., Roberts, M. G., Harris, F. & Phoenix, D. A. (1995) Miami Short Reports, Vol. 6,
Advances in gene technology: Protein engineering and structural biology (Eds. W. J. Whelan
et al.), p48, IRL Press.

Distribution and clustering of rare codons in E. coli genes. Phoenix, D, A, Pewsey, A. &
Roberts, M. G. (1995) Biochem. Soc. Trans.. 23, 503S.

Using beta-lactams fo investigate the existence of a protein complex involving E._coli PBPs
1a/1b, 3 and 5. Harris, F., Chatfield, L. & Phoenix, D. A. (1995) Biochem. Soc. Trans., 23,
5628.

The soluble form of E. coli PBP4 observed in over expressing strains is an artefact of the
systemn. Harris, F., Chatfield, L. & Phoenix, D. A. (1995) Biochem. Soc. Trans., 23, 5638S.

Identification and interpretation of latent periodicity in DNA sequences. Phoenix, D. A. &
Korotkov, E. (1996) Biochem. Soc. Trans., 24, 4228S.

Use of computer simulations to prime students for laboratory work. Phoenix, D. A. (1997)
vCUBE ‘97.



Publishing - an aid fo reflective practice Phoenix, D. A. (1998) J. Biol. Ed., 33, 159-161.

An investigation into the lipid interactions of peptides corresponding to the C-terminal
anchoring domains of E.coli PBP4 & 5 C-termini. Harris, F., Weise, A., Brandenberg, K.,
Phoenix, D. A. & Seydel, U. (1998) Biochem. Soc. Trans., 26, S296.

Use of cross-linkers to investigate protein-protein interactions of E. coli PBPA.
Swan, R., Kimberly, |. & Phoenix, D. A. (1998) Biochem. Soc. Trans., 26, $295.

Effect of increasing methylation on the ability of methylene blue fo cause diaphorase-
catalysed oxidation of NADH. Rice, L., Wainwright, M., Wareing, J. J. & D. A. Phoenix.
(1998) Biochem. Soc. Trans.. 26, $319.

Posting Proteins. Phoenix, D. A. (1998) Biochemist, 20, 25-26.
Closing Pandoras Box. Phoenix, D. A. (1998) Biologist, 45, 99-100.

Field work - The publishing perspective. Phoenix, D. A. (1998) WMarine Biology Field
Teaching Forum, (Ed J Davenport), Occasional Publication No 7 University Marine Biology
Station Millport, pp27-29.

Institute of Learning Technology -~ An injection of professionalism Phoenix, D. A. (1998)
Biologist, 45, 147-148.

increased bactericidal effects of aminoacridines following photoactivation. M.Wainwright, N.
Grice, J. Marland, D. A. Phoenix, F.J. Bolton & D. Wareing In Colour Science ‘98, Volume II.

Dye & Pigment Chemistry. Eds J.Griffiths & A.D. Towns. Publ. University of Leeds (1999)
323-326.

Investigation of methylated derivatives of toluidine blue O as a photosensitizer for PDT. M.
Wainwright, L. Rice, D. A. Phoenix & J.J. Waringin Colour Science ‘98, Volume Ii. Dye &
Pigment Chemistry. Eds J.Griffiths & A.D. Towns. Publ. University of Leeds (1999) 327-330.

The Importance of Educational Research. Phoenix, D. A. {1999) .l Biol. Ed., 33, 2-3.

Diploma courses - The need to consider student motivation, course confent and perception.
Phoenix, D. A. (1999) J. Biol. Ed., 33, 66-67.

Postcompulsory education - Form and function. Phoenix, D. A. (1989) J. Biol. Ed., 33, 123-
124.

Intelligence - a question of nature or nurfure. Phoenix, D. A. (1999) J. Biol. Ed., 33, 179-180.

Photobactericidal agents - an option against drug-resistant bacteria. M.Wainwright, D.A.
Phoenix, S.L. Laycock, M. Gaskell, D.R.A. Wareing & B. Marshall Journal of Antimicrobial
Chemotherapy (1999) 44A, 80.

Photokilling of Yersinia_enterocolitica. M. Wainwright, D.A. Phoenix, T.E. Smillie & D.R.A.
Wareing. Transfusion Medicine (2001) 11(S1), 48

Numeracy and the Life Scientist. Phoenix, D. A. (1999) J. Biol. Ed., 34, 3-4.

The future of Gene Therapy. Harris, F., Chatfield, L, & Phoenix, D. A. (2000) Biologist, 47,
112.

The Science of the millenium. Phoenix, D. A. (2000) J. Biol. Ed., 34, 115-116.

Core zero in life science. Phoenix, D, A. (2000) Mathematics Today, 36, 151-153



The Need for numerical Biologists. Phoenix, D. A. (2000) Biologist, 47, 64.

Looking towards reform - The student focus. Phoenix, D. A. (2000) J. Biol. Ed., 34, 17.
Forensic Futures. .Phoenix, D A. Chatfield, L & Harris, F. (2001), Biologist, 47, 227. A
Identity crisis? Phoenix, D. A. & Hamis, F. (2001) Sci. Pub. Aff, Feb, 6.
Time to reassess the role of assessment.. Phoenix, D. A. (2001) J. Biol. Ed., 35, 3-4.

Can the UK still qualify for a 3 year degree program? Phoenix, D. A. (2001) J. Biol. Ed. 35.

Increasing the emphasis on vocational qualifications. Phoenix, D.A. (2001) J. Biol. Ed.,, 35,
163-165.

Educational Partnerships — the way of the future? Phoenix, D.A. (2002) J, Biol. Ed., 36, 108-
109

A culture of Life-long leaming. Phoenix, D.A. (2003). J. Biol. Ed., 37, 4-5

Membrane diffraction studies on the membrane interactions of m-Calpain domain V.
Phoenix, D.A., Dennison, 5.R., Harris, F., Dante, S., Hauss, T. (2003) BESNC report. B10-
01-1233 p 160.

Theoretical investigation info .the strudur&fund:on mlatlonshtps of medically relevant
amphiphilic peptides. Phoenix, D. A. 1% Int. Symposium in integrated research approaches
for clinical applications and practices (2003) J.Q.L.R. 1, (suppl! 1), p50.

Calpains: targets of cataract prevention? Biswas, S., Hamis, F., Dennison, S. R., Singh, J.,
and Phoenix, D. A., (2005), American J. Opthaimology, 139, 221,

Differences in expression of cardiovascular risk factors among type 2 diabetes melliitus
patients of different age. Kalofoutis, C, Piperi, C, Zizakis, A, Singh, J, Lea, R.W, Phoenix, D.
A, Alaveras, A and Kalofoutis, A (2006). int. J. Diabetes & Metab. 14 (1), 55.

Investigations into the potential of the calpain 2 inhibitor, SJA6017, to retard diabetic cataract.
Biswas, S, Harris, F, Chatfield, L.K, Dennison, S, Singh, J and Phoenix, D. A. (2006). Int. J.
Diabetes & Metab. 14 (1), 56.

Biophysical investigations into the role of lipid/membranes in the activation of calpain 2, an
eye lens enzyme believed to participate in diabetic cataract.Dennison, S, Harris, F, Biswas, S,
Singh, J and Phoenix, D.A (2006). Int. J. Diabetes & Metab. 14 (1), 56.

13.6 Conference proceedings:

Protein-Lipid interactions involved in the membrane anchoring of E._coli penicillin binding
protein 5. Phoenix, D. A. & Pratt, J. M. (1988) in the proceedings of the 8th John Innes
Symposium p23.

Membrane protein interactions involved in E. coli penicillin binding protein membrane
anchoring., Phoenix, D. A. (1989) in the proceedings of the meeting on protein-lipid
interactions and molecular aspects of protein insertion and transiocation in membranes p.35
(FEBS).

Protein - Lipid interactions involved in the membrane assembly of penicillin binding protein 5,
Phoenix, D. A. (1989) in the proceedings of the meeting on the Dynamics and biogenesis of
membranes p.75 (NATO).



Investigation info the structural features of the_E. coli penicillin binding protein 5 C-terminal
anchor. Phoenix, D. A. (1989) Abstracts of the Biochem. Soc. 634th meeting, p50, No. 12.

Indications that phosphatidylglycerol acts as a signal sequence receptor during protein
translocation in E. coli Phoenix, D. A. ef al. (1992) in the proceedings of the meeting on
bacterial transport proteins and protein translocation No. 1Vj. (ESF).

Characterisation of a class of amphiphilic alpha -helical anchors. Phoenix, D. A. (1993)
Abstracts of the Biochem. Soc. 646th meeting p.35. No. 4.

Energetics of prePhoE translocation. Phoenix, D. A, (1993) Abstracts of the Biochem. Soc.
647th meeting p.40, No. 11.

Consideration of the protein and lipid requirements for the translocation of proteins across the
E. coli inner membrane. Phoenix, D. A. (1983) Proceedings of the SERC “translocation of
proteins across membranes" Workshop p.60.

Development of a prokaryotic mode! for the study of anthracycline-membrane interactions.
Burrows, S., Wareing, J. & Phoenix, D. A. (1994) Abstracts of the Biochem. Soc. 651st
meeting p21, No 12.

The possible involvement of anionic phospholipid in the anchoring of PBP5 to the inner
membrane of E. coli. Harris, F., Chatfield, .. & Phoenix, D. A. (1994) Abstracts of the
Biochem. Soc. 652nd meeting p48, No 48.

Investigation of the lipid requirement for the anchoring of E. coli PBP5
Phoenix, D. A. (1994) Abstracts of the Biochem. Soc. 652nd meeting p48, No 47.

Comparison of the potential membrane insertion geometry's of the E. coli low molecular
weight PBP's. Roberts, M., Pewsey, A. & Phoenix, D. A. (1994) Abstracts of the Biochem.
Soc. 652nd meeting p49, No 48.

An investigation into codon bias between exported and cytoplasmic proteins in E. coli
Collins, R., Roberts, M., Pewsey, A. & Phoenix, D. A. (1994) Abstracts of the Biochem. Soc.
652nd meeting p53, No 84.

Investigations of a series of novel cationic photosensitisers and their potential use in
photodynamic therapy. Burrow, S. M., Guinot, S., Wainwright, M., Wareing, J. J. & Phoenix,
D.A. (1994) Abstracts of the Biochem. Soc. 653rd meeting p81, No 260.

Use of specific antibiotics to probe complex formation between the E. coli PBPs.
Phoenix, D. A., Harris, F. & Chatfield, L. (1995) Proceedings of the 1st European Symposium
of the Protein Society, Protein Science, 4, suppi 1, p89, 270.

Investigation into the specificity of the anchoring mechanisms of the E. coli low molecular
weight PBPs. Phoenix, D. A. Harris, F. & Chatfield, L. (1995), Proceedings of the 1st
European Symposium of the Protein Society, Protein Science, 4, supp! 1, p89, 271.

The soluble form of E._coli PBP4 observed in over expressing strains is an artefact of the
system. Harris, F., Chatfield, L. & Phoenix, D. A. (1995) Abstracts of the Biochem. Soc.
652nd meeting p63, No. 87.

Using beta-lactams to investigate the existence of a protein complex involving E. coli PBPs
Harris, F., Chatfield, L. & Phoenix, D. A. (1985) Abstracts of the Biochem. Soc. 652nd
meeting p62, No. 96.

Evidence for rare codon clusters in prokaryotic coding sequences- implications for protein
folding. Pewsey, A., Roberts, M. G., Kay, G. & Phoenix, D. A. (1995) Abstracts of the
Biochem. Soc. 652nd meeting p51, No. 8.



Analysis of the membrane binding potential of E. coli low molecular weight PBPs.
Phoenix, D. A. (1995) Abstracts of the Biochem. Soc. 652nd meeting p25, No. F5,

The use of cationic non-porphyrin photosensitisers against a multi-drug resistant tumour cell
line Burrow, M., Phoenix, D. A., Wainwright, M. & Wareing, J. J. (1995) Proceedings of the
6th Congress of the European Society for Photobiology, p91 no. Vi-1p/26.

On the use of cationic triaryimethanes to probe photosensitiser action in a multidrug resistant
cell line. Burrow 8. M., Phoenix, D. A, Wainwright, M. & Wareing, J. J. (1995)
Proceedings of the ninth international conference on chemical modifiers of cancer treatment
No. 11-36, p155.

Targeting and assembly of the E___coli outer membrane porin PhoE.
Phoenix, D. A. (1996) Proceedings of the SGM, Irish Branch Meeting, Bacterial surface
structures, p3-4.

Detection of latent periodicity. Phoenix D. A. & Korotkov, E. (1996) Abstracts of the Biochem.
Soc. 658th Meeting p65, No. 103,

Use of cationic photosensitisers in MDR. Burrow, M., Phoenix, D. A., Wainwright, M.,
Wareing, J. J. (1996) Cytotechnology, 19, 289.

Theorsetical investigation into the occurrence of latent periodicity within DNA sequences and
its relationship to protein structure. Phoenix, D. A. & Korotkov, E. (1896) Proceedings of the
7th IMA conference on Mathematics in Medicine and Biology p17-19.

Increased bactericidal effects of cationic tricyclics following photoactivation. Wainwright, M.,
Marland, J., Phoenix, D. A., Wareing, D. & Bolton, E. (1996) Royal Society of Chemistry,
Biology and medical chemistry sector, 2nd International Symposium : Recent advances in the
chemistry of anti-infective agents p14.

The effect of methylation on the phototoxicity of phenothiazine dyes.
Rice, L., Wainwright, M., Wareing, J. J. & Phoenix, D. A. (1996) Proceedings of the 12th
international Congress on Photobiol., p316, No. P285.

Phototoxicity of Victoria blue BO in multidrug resistant EMT6 cells is independent of
glutathione fevels. Burrow, S. M., Wainwright, M., Waring, J. J. & Phoenix, D. A. (1996)
Proceedings of the 12th Iintemational Congress on Photobiol., p312, No. P272.

Development of broad spectrum photoactivatable antibacterials. Phoenix, D. A., Mariand, J.,
Wainwright, M., Wareing, D. & Bolton, E. (1996) Proceedings of the Society of General
Microbiology 135th meeting p58 No. 58.

Investigation into the phospholipid requirements for the membrane interaction of E. coli PBP4.
Harris, F. & Phoenix, D. A. (1997) 136th SGM Meeting Abstract Booklet No. P7 p75.

Protein amphiphilicty as a means of protein membrane interaction. Phoenix, D. A. (1997)
136th SGM Meeting Abstract Booklet p9.

On the membrane interaction of E. coli PBP4. Harris, F., Demel, R., Phoenix, D. A. & de
Kruijff, B. (1897) The proceedings of the 2nd European symposium of the Protein Society No
24,

Comparison of the membrane interactive properties of peptides comesponding to the E.coli
PBP4 & 5 C-termini, Seydel, U., Harris, F. & Phoenix, D. A. (1997) Abstracts of the 664th
Biochem Soc. Meeting.

Use of computer simulation to prime students for practical work. Phoenix, D. A. (1997),
Virtuat Computers in University Biology Education 1997 (vCUBE'97).



Cross-linking studies on E. coli PBP4. Swan, R. & Phoenix, D. A. (1998) 665th Biochem
Soc. Meeting No 109.

An Investigation into lipid interactions of peptides corresponding to the C-termini of E. coli
PBP4 and 5.Harris, F., Weise, A., Brandenberg, K., Phoenix, D. A. & Seydel, U., (1998)
665th Biochem Soc. Meeting No. 110.

Investigation of methylated derivatives of Toluidine blue O as a photosensitiser for PDT.
Rice, L., Wainwright, M, Phoenix, D. A. 7 Wareing, J. J. (1998) Colour Science ‘98,
Harrogate.

Effect of methylation of the ability of MB fo undergo reduction. Rice, L., Wainwright, M.,
Wareing, J. J. & Phoenix, D. A. (1998) 666th Biochem. Soc Meefing.

Detection and analysis of lipid interactive helices. Phoenix, D. A. (1898) Proceedings of the
Vi meeting on Lipid metabolism.

Development of a spectrophotometric assay for the defection of mannuronan CS5 epimerase
from Ps. Aeruginosa. Whittaker, M., Phoenix, D. A., Gacesa, P. & Tatnell, P (1999)
Proceedings of the 144th Meeting of Soc. Gen. Microbiol. p40 No.M17.

Increased fipophilicity cormrelates with increasing antibacterial properties of phenothiazines.
Phoenix, D. A., Wainwright, W., Rice, L., & Wareing, J. J. (1999) Proceedings of the 144th
Meeting of Soc. Gen. Microbiol. p50 No.PBM22.

Cell killing by cationic phofosensitisers in the SK23 and SK-MEL-28 melanoma cell lines.
Rice, L, Phoenix, D. A. & Wainwright M. (1899) Proceedings 670th Meeting Biochem. Soc.
p30 No.27.

Use of statistical analysis to characterise the amphiphatic nature of transmembrane helices.
Daman, O. A. & Phoenix, D. A. (2000) The Sixth Gene, Protein and Computer Conference.
Chester, No 26.

A preliminary statistical investigation of fusion promoting alpha helices. Wallace, J., Harris,
F., & Phoenix, D. A. (2000) The Sixth Gene, Protein and Computer Conference. Chester, No
25.

Classification of fusion promoting peptides by use of DWIH and hydrophobic moment
analysis.Wallace, J., Harris, F. & Phoenix, D. A. (2000) 18th Int. Congress of Biochemistry
and Mol. Biol. ‘Beyond the Genome’ p136 No 419.

Hydrophobic moment and hydrophobicity comrelation for transmembrane helices.
Daman, O. A., Wallace, J. & Phoenix, D, A. (2000) 18th Int. Congress of Biochemistry and
Mol. Biol. ‘Beyond the Genome' p136 No 420.

Membrane interaction of E. coli PBP4 and 5. Brandenburg, K., Harris, F., Phoenix, D. A.,

Weise A. & Seydel, U. (2000) 18th Int. Congress of Biochemistry and Mol. Biol. ‘Beyond the
Genome’ p306 No 1110.

A coupled assay for the detection of mannuronen C5 epimerase. Whittaker, M., Phoenix, D.
A., Gacesa, P. & Tainell, P. (2000) 18th Int. Congress of Biochemistry and Mo!. Biol. ‘Beyond
the Genome’ p312 no 1131.

A theoretical investigation into the lipid interaction of m-calpain. Biswas, S., Daman, A,
Harris, F. & Phoenix, D A. (2001) Protein Science 10 (suppl) no 367 p149.

Distributional properties of uncleaned and sfop-transfer transmembrane sequences. Harris,
F., Phoenix, D. A. & Wallace, J. (2001) Protein Science 10 (suppl) No 340 p141.



Investigations into the membrane interactions of calpain an enzyme implicated in diabstic
cataractogenesis. Phoenix, D. A., Dennison, S., Harris, F., Hauss, T., Dente, S.,
Brandenberg, K., & Biswas, S. (2003) Proceedings of the 4™ International meeting on
diabetes meliitus and its complications. P18

Biophysical studies show the smaller subunit of m-calpain to contain a lipid interactive o-
helical segment. Dennison, S., Hauss, T., Dunte, S., Brandenberg, K., Biswas, S., Harris, F.,
and Phoenix, D. A. Eur. Biophys. J. (2003), 32. 6 — 95 p255

The N-terminal region of the Barley Yellow Dwarf Virus Movement Protein shows the potential
to form a lipid interactive oblique orientated o-helix. Harris, F., Dennison, S., Brandenberg, K.,
Wang, D., and Phoenix, D. A. Eur. Biophys J. (2003), 32. 6-96. p255

A statistical investigation of amphiphilic properties of C-terminally anchored DD-peptidases.
Wallace, J., Daman, A., Hamis, F., Dennison, S., and Phoenix, D.A. Eur. Biophys J. (2003),
32.6 — 97 p255,

Deuteration affects the conformational behaviour and membrane interactive potential of a
bioactive protein segment. Dennison, S., Phoenix, D. A., Harris, F., Dante, S., Haup, T.
and Brandenburg, K. (2004). Conference: Peptide Membrane Interaction. Namur, Belgium

Neutron diffraction studies show the smaller subunit of m-calpain to contain a lipid interactive
a-helical segment. Dennison, S., Dante, S., HauB, T., Harris, F., Sil;igardi, G. and Phoenix,
D. A. (2004). Conference: Peptide Membrane interaction. Namur, Belgium

The N-terminal region of the Bariey Yellow Dwarf Virus Movement Protein show the potential
to form a lipid interactive oblique orientated a-helix Harris, F., Dennison, S., Brandenberg, K.,
Wang, D. and Phoenix, D. A. (2004). Conference: Peptide Membrane Interaction. Namur,
Belgium

The in_vitro ability of the peptide aldehyde, SJA6017, to inhibit calpain-mediated porcine
cataractogenesis Biswas, S., Harris, F., Singh, J. and Phoenix, D. A. (2004). 8" Nottingham
Eye Symposium and Research Meeting. University of Nottingham. Nottingham.

CD analysis shows deuteration to affect the conformational behaviour and membrane
interactive potential of a bioactive protein segment Siligardi, G., Dennison, S. R., Harris, F.
and Phoenix, D. A., (2004). 5th Annual UK CD Users Meeting, C. L. R. C., Daresbury,
Cheshire.

Biophysical studies into the membrane interactions of m-calpain domain V using neutron
diffraction. Dennison, S., Dante, S., Haup, T., Harris, F., Brandenburg, K. and Phoenix, D. A.
(2004). Abstracts of the Biochemical. Society Focus meeting, From molecules to organisms.
BioScience 2004: SECC, Glasgow, UK. A410, p64a.

CD analysis and neutron diffraction show that deuteration affects the structure and membrane
interactive potential of a bioactive protein segment Dennison, S., Dante, S., Haup, T., Harris,
F., Siligardi, G. and Phoenix, D. A. (2004). Abstracts of the Biochemical. Society Focus
meeting, From molecules to organisms. BioScience 2004: SECC, Glasgow, UK. A411, p64a.

Use of Monolayers to Investigate the membrane interaction of E. coli Penicillin Binding
Protein 4. Ruth Swan and Phoenix, D. A. (2004). Conference: Peptide Membrane
Interaction. Namur, Belgium

Use of NMR to observe the effect of carboxypeptidase membrane interactive domains on
mode/ membrane systems. Ruth Swan and Phoenix, D. A. (2004). Conference: Peptide
Membrane Interaction. Namur, Belgium

Biophysical studies into the role of lipid in the activation of an eye lens calpain. Biswas, S.,
Dennison, S., Hamis, F. and Phoenix, D. A. (2005). Conference of the Association of
Research in Vision and Ophthalmology, Florida, USA. Vis. Sci (2005), 46, B640.



Hydrophobic moment and hydrophobicity distributional properties and classification for
membrane interacting transmembrane profeins. Daman, A, Wallace, J., Phoenix, D. A. &
Harris, F. (2001) Protein Science 10 (suppl) No 341 P141.

An analysis of the jon requirements of the C5 epimerase AlgG from Ps._aeurginosa
Whittaker, M., Phoenix, D A, Gacesa, P. & Harris, F. (2001) Protein Science 10 (suppl) No
192 p98.

A theoretical investigation into the role of amphiphilic alpha helical structure in the lipid
interactions of m-calpain. Biswas, S., Harris, F., Daman, O. A., Wallace, J. & Phoenix, D. A.
(2001) Investigative Opthaimology and Visual Science 42 No 4710-B729 p§877.

Oblique orientated alpha helix formation in the C-ferminal regions of the E. coli low molecular
mass PBPs. Haris, F., Wallace, J. & Phoenix, D A. (2001) Meeting of the Biochem. Soc,
673" meeting ‘molecular communications’ p74 No37.

A study on the membrane bmdmg of E. coli PBPS5. Phoenix, D. A. & Harmis, F. (2001)
Abstracts of the Biochem. Soc, 673" meeting ‘molecular communications’ p73 No.33.

The lipid interactions of m-Calpain Domain V. Biswas S., Harris, F. & Phoenix D. A. (2001)
Research Development Directorate, Preston Acute Hospitals and Chorley & South Ribble
NHS Trust.

Photobacterial activity of phenothiaziniums against Y. enterocolifica. Wainwright, M.,
Phoenix, D. A,, Smillie, T. E. & Wareing D. R. A. {2001)British Blood Transfusion Service
Conference.

The lipid lntractlons of m.calpain. Biswas, S., Mario, F., Phoenix, D. A., (2001). Abstract of
Biochem Soc. 675" meeting p 39 No 51.

Photokillln% of Y. enterocolitica. Wainwright, M., Phoenix, D. A., Smillie, T. E. & Waring, J. J.
(2001), 17" Annual Scientific meeting of the British Blood Transfusion Society, University of
Leeds.

Use of hydrophobic moment analysis to investigate structure / function relationships of alpha -
helical antimicrobial peptides. Dennison, S., Harris, F. & Phoenix, D. A. (2002) Abstracts of
the Society for General Microbiology, 151$t meetmg, Loughborough. P46, No Ml 18.

Photoactivated phenothiazinium dyes as antimicrobial agents. Sayed, Z., Hams, F. &
Phoenix, D. A. (2002) Abstracts of the Society for Generai Microbiology, 151s meeting,
Loughborough. P46, No Mi 17.

Phenothiazinium dyes and their interactions with the E. coli membrane. Hussain, S., Harris, F.
& Phoenix, D. A. (2002) Abstracts of the Society for Genera! Microbiology, 151" meeting,
Loughborough. P12, No CCS 20.

A study on the lipid interactions of m-calpain. Biswas, S., Harris, F. & Phoenix, D. A. (2002)
Royal Preston Hospital.

A study of 2/ base latent periodicity in bacterial genes using dynamic profile alignment.
Chaley, M., Korotkov, E. Kudryshov, A. & Phoenix, D. A. (2003} ISTL SAC meeting, Science
& Computing, Russia.

Using Neutron Diffraction to study the membrane interactions of m-Calpain, Domain V.
Dennison, S., Haus, T., Dante, S., Harris, F. & Phoenix, D. A. (2003) BENSC Users
Conference Berlin.



Antimicrobial properties of an amphiphilic antimicrobial peptide. Poster presented at
Biological Chemical Factors of Environmental contamination Dennison S. R., Morton, G.,
Harris, F & Phoenix D.A. (2005). - Warsaw, Poland

Phenothiazinium based photo-sensitisers — photodynamic agents with a multiplicity of cellular
targets and clinical appliications. Southeast Europe, a key role initiator in medicine, research
and development. The 2™ International congress on the European Citizen’s Quality of Life,
Phoenix, D.A. and Harris, F. (2005) - Athens, Greece.

Amphiphilic a-helical helices and their potential clinical application. Southeast Europe, a key
role initiator in medicine, research and developments. The 2™ Intemational congress on the
European Citizen’s Quality of Life. Phoenix, D. A. Dennison, S. R. and Harris, F. (2005) -
Athens, Greece.

Putative lipid interactive oblique orientated a-helical structure in the N-terminal region of the
Barley Yellow Dwarf Virus Movement Protein. 6" Annual UK CD Users Meeting, C. L. R. C.,
Dennison, S., Brandenberg, K., and Phoenix, D. A. (2000) - Daresbury, Cheshire

The antimicrobial properties of a novel alpha helical peptide. Abstracts of the Biochemical
Sociely Focus meeting, Antimicrobial peptides: mediators of innate immunity in the
development of anti-infective, therapeutic and vaccination strategies. Dennison, S., Harris, F.
and Phoenix, D. A. (2005) - Edinburgh, UK, P5, PO11.

Are oblique onientated alpha-helices used by antimicrobial peptides for membrane invasion?
Abstracts of the Biochemical Society Focus meeting. Antimicrobial peptides: mediators of
innate immunity in the development of anti-infective, therapeutic and vaccination strategies.
Harris, F., Dennison, S. R. and Phoenix, D.A. (2005) - Edinburgh, UK, P5, PO10.

Biophysical investigations into the role of lipid/membranes in the activation of calpain 2, an
eye lens enzyme believed to participate in diabetic cataract. International Conference on
diabetes and Cardiovascular Diseases. Dennison, S. R., Harris, F., Biswas, S., Singh, J. and
Phoenix, D. A. (2006) - UAE University, UAE.

Investigations into the potential of the calpain 2 inhibitor, SJA6017, to retard diabetic cataract.
International Confarence on diabetes and Cardiovascular Diseases. Biswas, S., Harris, F.,
Chatfield, L. K., Dennison, S.R., Singh, J. and Phoenix, D. A. (2006) - UAE University, UAE.

A theoretical analysis of structure / function relationships underpinning the antimicrobial
action of alpha-helical defence peptides. The Academy of Pharmaceutical Sciences of Great -
Britain. Natural products active against human pathogens. Dennison, S., Harris, F. and
Phoenix, D. A. (2006). Jodrell Bank, Royal Botanic Gardens, Kew, London, UK.

A study on the photodynamic action of phenothiazinium dyes. The Academy of
Pharmaceutical Sciences of Great Brifain. Natural products active against human pathogens.
Phoenix, D. A, Dennison, S. and Harris, F. (2006) Jodrell Bank, Royal Botanic Gardens,
Kew, London, UK.

Monolayer studies on the interactions of aurein 1.2 with cancer cell membranes. 1st North
West Workshop on Research Methods and Clinical Applications in Neuro-Oncology: From
Molecular Biology to Clinical Medicine. Dennison, S. R., Haris, F. and Phoenix, D.A. (2006)
Royal Preston Hospital / University of Central Lancashire, Preston, UK.

Characterisation of a putative alpha-helical defence peptide.. Novabiochem Merck mini-
symposium. Dennison, S., Harris, F. and Phoenix, D. A. (2006). The Chemistry and Biology
of Peptides. University of Nottingham, UK.

A study on the membrane interactive properties of oblique orientated a-helical defence
peptides. Harris, F., Dennison, S. and Phoenix, D. A. (2006) Novabiochem Merck mini-
symposium - The Chemistry and Biology of Peptides. University of Nottingham, UK.



Biophysical analysis shows the regulatory subunit of m-calpain fo confain a lipid interactive
a-helical segment. Dennison, S. R., Hamis F. and Phoenix, D. A. (2007) Frontiers in
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