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Abstract

Clinically useful photosensitiseld®S9 are likely bound to subcellular and molecular targets during phototherapy.
Binding to a macromolecule has the potential to change the photophysical and photochemical characteristics of the
PSs that are crucial for their phototoxicity and cell-killing activity. We investigated the effects of binding of a specific
PS (protoporphyrin IX or PPIX to two proteins, human serum albumiiiSA) and a commercially available
immunoglobulin(lgG). These two proteins provide two different environments for PPIX. The albumin binds PPIX
in hydrophobic binding sites located in subdomain IIA and IlIA, conversely IgG leaves PPIX exposed to the solvent.
We show that photophysical parameters such as emission maxima and fluorescence lifetime depend on the binding
site. Our results indicate that the different binding site yields very different rates of formation of photoprodacts
than three times higher for PPIX bound to HSA than to Jgihd that different mechanisms of formation may be
occurring. Our characterization shows the relevance of protein binding for the photochemistry and ultimately the
phototoxicity of PSs.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction Protein binding may(a) affect the photophysics
of PSs(which affects the optimal irradiation wave-
Protein—photosensitiser interactions are relevantlength and the quantum vyields of the relaxation
to several areas of photodynamic therg|®DT). processes and (b) affect the photochemistry of
- PSs(which can modify the production of cytotoxic
Abbreviations: PS, photosensitisers; HSA, human serum specie$. Several proteins have been shown to be
albumin; IgG, immunoglobulin G; PDT, photodynamic thera-  djrect targets for PDT1-6]. Hence, it is important
pinP PIX, protoporphyrin X _ to characterize the effects that proteins have on
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11]. Binding to proteins is therefore expected to
play a major role in modifying the optical and

photochemical properties of PPIX depending on
the environment provided by the binding site and
the proximity of specific amino acidglL2].

spectroscopically from the absorption value at 280
nm. Values of g,5, for HSA and BSA were
obtained from the literaturg7] while for IgG we
used the value offered by the manufactures,=
1400 M~! cnt?). All agueous solutions were
Effects of protein binding on PPIX photophysics prepared in 10 mM phosphate buffer at pH 7.5.
and photochemistry can be investigated through For experiments in organic solvents PPIX was
the characterization of the formation of photoprod- directly diluted to concentration in the 0.54IM
ucts. Photoproducts are formed upon exposure of range.
solutions containing PPIX, to visible light.
Although the formation of PPIX photoproducts is 2.2. Steady state fluorescence experiments
not always correlated to PDT efficacy in viia3],
detection of photoproducts in vitro is indicative of A Hitachi F-2500 spectrofluorimete(Hitachi
the PSs photochemical activitjyl4]. We have  Instrument Inc., Wokingham Berkshire, UKvas
therefore characterized the formation of the pho- used for all the measurements. All PPIX emission
toproducts of PPIX bound to HSA and 1gG. These spectra presented in this manuscript were excited
two proteins are good models for the investigation at 410 nm and collected with 2.5 nm resolution at
of the effects of proteins on PSs because they a speed of 300 nyfmin. Protein intrinsic fluores-
provide two opposite environments. HSA carries cence was recorded with excitation at 290 nm.
two hydrophobic sites located in subdomain IIA Excitation spectra were recorded with emission
and IlIA [7,19. However, we have previously wavelength set at the maximum of either PPIX or
shown that binding to IgG leaves PPIX exposed photoproduct emission. All emission spectra were

to the solven{15].

In this study we have characterized the differ-
ences in the rates and pathway of formation of
PPIX bound to albumin and IgG and quantified

some important, but often neglected, photophysical

parameters of the photoproducts.
2. Materials and methods
2.1. Chemicals

PPIX disodium salt, HSA, 1gG immunoglobulin
(secondary antibody specific for the-chain of
human IgA and UV spectroscopy-grade solvents
were purchased from Sigma Chemical CBoole,
UK) and used as received. For experiments in
buffer solution, PPIX was first dissolved in
DMSO. This solution was then diluted in buffer
to give the final concentration of PPIX in aqueous
solution. The maximum final concentration of
DMSO in buffer was 5%. Double distilled water
was used for the preparation of buffer solutions.
Concentration of PPIX was kept nearydM and

corrected for the instrumental response.
2.3. Formation of photoproducts

Photoproducts were formed by irradiating the
solutions at 630 nm at increasing absorption doses
up to 30 J pennM of PPIX. We decided to use
the absorption doses rather than irradiation doses
in order to normalize the data to the actual amount
of light absorbed by each sample. This is justified
by the fact that only the light actually absorbed
by the sample is responsible for the formation of
photoproducts. Irradiation was carried out using a
diode laser(PDT 630, Diomed Ltd., Cambridge,
UK) coupled to a Microlens fibetMedlight SA,
Ecublens, Switzerland Before irradiation, the out-
put of the fiber was monitored using a power
meter (Ophir 03A, BFI Optilas, Milton Keynes,
UK). Irradiation was carried out at radiant power
levels of 0.1, 0.5 and 1 W. The presence of
photoproducts was periodically monitored during
irradiation by recording the emission spectra of
the irradiated solutionéexcitation at 410 nm

was determined from absorption spectra using a Since experiments were carried out in aerated

value of e=2.42x1° (M~ cm™1) at 406 nm
[15]. Protein concentration was also determined

solution, we assume that the formation of photo-
products is oxygen dependefi6]. Under this
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assumption, the transformation of PPIX molecules 2.4. Fluorescence lifetime

into photoproducts produces a decrease in PPIX

fluorescence(as PPIX molecules disappgaand Lifetime measurements were performed using
an increase in the fluorescence of photoproducts time-correlated single photon counting. The solu-
(as photoproduct molecules appeaife can there-  tion samples were measurada 1 cmpathlength
fore assume that the rate of decrease of the PPIXcuvette and were degassed with O -free nitrogen.
emission maximum equals the rate of increase of Samples were excited using a pulsed diode laser
photoproduct fluorescence. Since we assume ahead(\..=393 nm and driver(PDL 800-B) from
limitless supply of oxygen, the decease of PPIX Picoquant(Berlin, Germany, with a repetition
fluorescence will, at least initially, follow a pseudo- rate of 5 MHz. The mean power was ca. 0.1 mW.

first order equation The emission from the sample was collected at
right angles to the excitation, passed through an
—d[PR/dE=K,[PR D appropriate longpass filtiSchott KV filters) and

then through a f3 monochromator. The light was
whereK,, is the ‘rate’ of photoproduct formation, detected by a Hamamatsu MCP-PMR3809U-
[PH is the concentration of PPIX and is 50) (Welwyn Garden City, England, UK The
expressed as the energy delivered to the solutioninstrument response of the system, measured using

at 630 nm peumol of PPIX. a Ludox scatterer was approximately 150 ps
Imposing the boundary condition th#iPH, is FWHM. The collected dat4F(z)] were analyzed
the initial concentration of PPIXE=0), integra- using DAS 6 software from IBHGlasgow, Scot-
tion of Eq. (1) leads to: land, UK) by iterative re-convolution of the instru-
ment response with a sum of exponentials
[PA=[PAo exf—KuE) (2)
F(t)= Ziaief’/Tf (5)
or
IN([PA/[PPlo) = — K prff (3) wherei represents theth exponential component

with amplitudeq; and lifetime 7,.

Since at the concentration used in our experi- 1he relative weight of each component is:

ments the fluorescencéFy) of PPIX can be
represented as Ai=a;1 /(Y o) (6

Fix=k © [PP From these parameters the average lifetime of a

. , . decay can be expressed as:
wherek is an instrumental constant addis PPIX

fluorescence quantum vyield, Eq3) can be _
expressed as (M= A @

IN(Fix/FX)=—Kon E 4) The quality of the fit was determined by the
value of the reduced chi-squared statistical param-
where B is the initial PPIX fluorescence intensity. eter and by visual inspection of residuals. The
We established that 3¢/ dmol is the irradiation accuracy of the decay parameters was estimated
dose where, under our experimental conditions, we from at least three separate experiments.
reached saturation of photoproduct formation. Fluorescence decay of PPIX in irradiated and
Based on the results obtained from our studies on non-irradiated solutions was investigated through-
binding of PPIX[15], the experiments were carried out the emission spectrum from approximately 590
out at a PPIXprotein molar ratio of approximately to 720 nm by changing the central wavelength of
5. the emission monochromator. Fluorescence decays
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Table 1

Emission and excitation maxima of PPIX and its photoproducts in different sofvents

Solvent Dielectric Emission Max. Excitation Max. Emission Max. Excitation Max.
constant of PPIX(nm) of PPIX of photoproduct of photoproduct

(Soret band (nm) (nm) (Soret bang (nm)

Buffer (pH 7.4 80 622 398 651 395

DMSO 47.2 634 408 656 404

Acetonitrile 36.6 633 403 669 400

Methanol 33 634 396 670 386

Acetone 20.7 634 402 672 399

Methanol 20.1 636 398 - -

Ether 43 636 401 - -

Chloroform 2.24 636 406 675 391

HAS - 636 412 652 402
- - - 666 402

19G - 623 402 669 400

2Emission spectra were obtained with excitation at 410 nm. Excitation spectra were recorded with the emission fixed at the
emission maximum of PPIX or its photoproducts.

were detected at 10 nm increments from the environment(Table 1. The photoproduct of PPIX
emission maximum of PPIX. The bandwidth was in buffer (pH 7.4) shows a peak near 651 nm, this

set between 4 and 6 nm. peak shifts to 656 nm for PPIX in DMS@Fig.
la, 9. For PPIX in other organic solvents the
3. Results position of the peak ranges between 670 and 676

nm with decreasing dielectric constant of the
In general, irradiation of PPIX in solution pro- solvent(Table 1. Also, the maxima of the exci-

duces a decrease of the main PPIX fluorescencetation spectra do not seem to show a distinct
peak (between 622 and 636 nm depending on the correlation with solvent polarityTable 1.
solvent and the protein present in solutifib]) Fluorescence decay of non-irradiated solutions.
and a correlated increase of one or more peaks inThe fluorescence lifetime of PPIX depends on the
the region between 650 and 680 nm. The peakssolvent and on the emission wavelength. At the
appearing in this region are due to PPIX photo- emission maximum of PPIX the decay in organic

products[17]. solvents is monoexponential with lifetime ranging
from 10.8 to 16.8 n€Fig. 2a and Table R There
3.1. PPIX in buffer and organic solvents is an apparent increase of the fluorescence lifetime

with the polarity of the solvent. In the spectral
Steady state fluorescence. There is a large dif-  region between 650 and 680 nfwhere in irradi-
ference between the spectral position of the emis- ated solution the maxima of photoproducts are
sion maxima of PPIX and its photoproducts in found PPIX shows a quasi-monoexponential
water and all organic solvents. The emission peak decay as the long-lived lifetime is accompanied
of PPIX shifts from 622 nm in buffetpH 7.4) to by a shorter lived(1.5—6 n3 component, which,
above 634-636 nm in organic solver(fBable 1 however, only accounts for 2—5% of the fluores-
and Fig. 1la—x However, within organic solvents cence decay(Table 2. In buffer, however, the
of very different polarity and with very different decay of PPIX is bi-exponential at all emission
reactive groups, the shift of the PPIX fluorescence wavelength investigated. The lifetime of the short-
maximum is minimal(Table 1. The position of lived component is longer in the spectral region
the emission peak of the photoproducts appearsof the photoproduct§2.6 n9 than at the maximum
instead to correlate better with the polarity of the of PPIX (1.6 n9 as shown by Table 2. The longer-
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Fig. 1. Normalized emission spectra of photoproducts. The emission spectrum of non-irradiated solutions is represented by the solid
line, the spectrum of solutions irradiated for 3Qudnol at 100 mW is represented by the dashed line, whereas the spectrum of
solutions irradiated for 30/jumol at 1 W is represented by the dotted line. Spectra are self-normalized to the maximum of PPIX
fluorescence. In non-irradiated solutiotslid line), the main emission peak is the maximum of PPIX. In irradiated solutions, the
maxima and shoulders at wavelengths longer than the maximum of PPIX are due to photopf@iR$X in DMSO; (b) PPIX

bound to HSA;(c) PPIX bound to IgG. In the insert of each plot is represented the same set of spectra normalized to the maximum
of PPIX fluorescence in the non-irradiated solution. The decrease of the PPIX fluorescence and the increase of the fluorescence of
photoproducts can thus be appreciated.

lived component of PPIX in buffer does not organic solvents can be detected as an additional

correlate with the increased polarity as is the case decay time(Fig. 2b and Table B The lifetime of

for PPIX in organic solvents. the photoproducts is intermediate between the
Fluorescence decay of irradiated solutions. The short-lived and the long-lived componeri(ffable

fluorescence lifetime of the photoproducts in 3) and ranges between 2.2 and 6.1 ns. Since the
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Fig. 2. Fluorescence decay of PPIX and photoprodyedsin

this figure are represented the fluorescence decay curves of
non-irradiated and irradiated solutions of PPIX in DMSO
recorded at the wavelength+4 nm) corresponding to the
maximum of photoproduct fluorescen€856 nm. The decay

of the non-irradiated solution requires two-component fitting
whereas the decay of the irradiated solution requires an addi-
tional (third) component. The overall decay is fastemaller

(7)) in the irradiated solutior(b) In this figure are represented
the fluorescence decay curves of non-irradiated and irradiated
solutions of PPIX bound to HSA recorded at the wavelength
(+4 nm) corresponding to the maximum of photoproduct flu-
orescenc€665 nm. The decay of the non-irradiated solution
requires two-component fitting whereas the decay of the irra-
diated solution requires an addition@hird) component. The
overall decay is fastefsmaller{)) in the irradiated solution.

L. Brancaleon et al. / Biophysical Chemistry 109 (2004) 351-360

intermediate component is prevalent the average
lifetime {7) of irradiated solution is shortdiTable

3). The lifetime of the photoproducts formed in
organic compounds does not show a correlation
with the solvent polarity.

Rate of formation of photoproducts. The initial
rate of formation of PPIX photoproducts is linear
and can be estimated by fitting the data with Eq.
(4). The fitting shows that the formation of pho-
toproducts in DMSO is the second largest among
the organic solvents investigated and is 3.3-5.9
larger than in buffe(Table 4 and Fig. B Forma-
tion is very small in alcohols and acetonitrile
(Table 4. The rate of formation in chloroform is
an order of magnitude higher than in DMSO.

3.2. PPIX bound to HSA

Steady state fluorescence. Irradiation of PPIX
bound to HSA produces two peaks at 652 and 666
nm (Fig. 1b). Excitation spectra of the photoprod-
ucts of PPIX bound to HSA recorded with emis-
sion at 652 and 666 nm show maxima that are
shifted 4—10 nm to shorter wavelengths compared
to the maxima of PPIX at the same emission
wavelengths. The maximum of the exctiation spec-
trum of the photoproduct at 652 nm appears at
398 nm whereas the maximum of the photoproduct
at 666 nm appears at 404 nm.

Fluorescence decay. In non-irradiated solutions,
the decay of PPIX bound to HSA shows a bi-
exponential decay both at the emission maximum
of PPIX (636 nm and at the maxima of the two
photoproductg652 and 666 nm (Table 2. The
long-lived component remains identical at the two
wavelengths while the short-lived component is
slightly faster at the emission wavelength of the
photoproducts. In irradiated solutions an interme-
diate component has to be added to account for
the contribution of the photoprodu€table 3 and
Fig. 2b). The lifetime of the intermediate compo-
nent(6.1 n9 is similar (within experimental error
at 652 and 666 nm and remarkably similar to the
value of the photoproduct formed in buffer. The
addition of this component results in a shorter
average lifetime of PPIX fluorescence decay in the
presence of photoproduct3able 3.
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Table 2
Fluorescence decay parameters of PPIX in non-irradiated solutions
Solution 7, (n9)? 7, (N9? A, (%) A, (%) Solvent Detection
polarity wavelengthnm)
DMSO - 16.8+0.6 - 100 47.2 634
3.4+0.6 16.8+0.7 4+1 96+ 3 - 656
Acetointrile - 15.8-0.5 - 100 36.6 633
1.5+0.3 15.4+0.6 5t+1 95+2 - 669
Methanol 13.60.5 - 100 33 634
1+04 13.2+0.6 2+1 98+1 - 670
Acetone - 12.3-0.6 - 100 20.7 634
1.4+0.3 12+0.8 1 99 672
Propanol - 13.90.9 - 100 20.1 636
4.6+0.4 13.1+0.5 6+1 94+ 2 - 670
Ether - 15.4-0.8 - 100 4.3 636
Chloroform - 10.2-0.6 - 100 2.2 636
4.6+0.9 10+0.4 6+1 94+ 1 - 674
Buffer 1.5+04 15.8+0.6 2+1 98+1 80 622
2.6+0.6 15.4+0.5 10+2 90+2 - 651
With HAS 3.3+£04 14.5+0.6 2+1 98+1 ? 636
2.7+0.6 14.5+0.6 11+2 89+2 - 666
With 1gG 1.4+0.5 15.3t0.5 612 94+ 2 ? 623
2.3+0.4 15.2+0.8 10+3 90+3 - 669

@Values calculated from fittingEq. (5)).
b Values calculated from fittingEq. (6)).

Rate of formation of photoproducts. The initial
rate of formation of photoproductgstimated from
the linear portion of Fig. Bis faster than in buffer
(5.6-8.9 times fasterand in all organic solvents
with the exception of chlorofornfTable 4. The
rate of formation is identical for the two emission
peaks at 652 and 666 nm.

3.3. PPIX bound to IgG

Steady state fluorescence. When PPIX bound to
IgG is irradiated, a single peak due to the photo- bound to albumin the

Table 3

product appears at 669 nffrig. 10. This peak
occurs at longer wavelength than the one for PPIX
bound to albumin. The maximum of the excitation
spectrum corresponding to the emission peak of
the photoproduct appears at 400 nm.

Fluorescence decay. In non-irradiated solutions,
the decay of PPIX bound to IgG shows a bi-
exponential decay both at the emission maximum
of PPIX (623 nm and at the maxima of the two
photoproduc(669 nm. As was the case for PPIX

long-lived component

Fluorescence decay parameters of PPIX in irradiated solutions recorded at the maximum of the emission of the photoproduct

Solution Lifetime of Relative contribution Average lifetime Average lifetime
photoproduct of photoproduct before irradiation after irradiation
(ns) to overall decay(%) (ns) (ng)

DMSO 75£1.2 67+6 15.9+1 9.7+1.1

Acetonitrile 4.7+0.8 58+ 3 14.7+1.1 8.8+1.6

Methanol 3.8:1 67+3 13+1 6.6+1.2

Acetone 6.11.5 87+7 11.9+1.2 6.8+1.4

Chloroform 2.2£0.8 93+6 9.7+1.1 2.9+1

Buffer 6.2+0.8 33+8 14.1+1.4 10.8+1.2

With HAS 6.1+1.6 49+7 13.2+1.5 8+1.4

With 1gG 8.2+1.2 29+8 13.9+1.2 12.5+1.7
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Table 4 _ S o products at a fairly fast ratéFig. 1b and Fig. 2
Values of K, in 1/J at various irradiance and in different  Tphq presence of multiple emission spectra in the
solutions .
region of the photoproducts suggests the presence
Solution Rate of formation of photoproduct ~ Of multiple products associated with the two main
(1072 pM/J™ Y binding sites IIA and IlIA[18]. According to our
DMSO results in organic solvent§Table 1) possible site-
0.1W 27403 dependent differences in the polarity of the envi-
0.5W 2.8+0.6 ronment surrounding PPIX could not explain a
1w 3.6£0.3 shift of 14 nm of the emission waveleng(fable
Q‘;‘i;ﬂ:g;'e %'.562—[811 1), even more so if we assume that both main
Acetone 21402 binding sites are hydrophobic. It is therefore rea-
Chloroform 0.7:0.2 sonable to suggest that the two peaks derive from
Buffer either two different photoproducts mediated by
8'% w 8'2&8'3 different proximal amino acidgL2] or by the same
1w 0.61+0.1 photoproduct whose emission wavelength is
With HAS - changed by the presence of different proximal
01w 4.8+0.1 amino acids. Further studies, which include the
2-5\5,VW g-gfg-; analysis of amino acid degradation have been
With 1gG B undertaken to conform this mechanism. The very
0.1 W 0.8:0.2 small decrease in protein fluorescence after irra-
0.5 W 1.1+0.1 diation of PPIX(data not showhsuggest only a
1w 0.9+0.2 minimal involvement of tryptophan in photo-
2Values calculated using E¢4). degradation.

remains identical at the two wavelengths while the
short-lived component is slightly longer at the 0.5 [T e
emission wavelength of the photoprodu€table
2). In irradiated solutions, an intermediate com- oM
ponent has to be added to account for the contri- o S LT
bution of the photoprodudiTable 3. The lifetime R P LS §
of the photoproduct is longer than the correspon- | =0
dent decay of the photoproduct of PPIX bound to ~x
albumin. The presence of this component shortens = [
the average lifetime of the fluorescence decay in =~ [ Sa
the presence of photoprodudfBable 3. [ %‘ ~o

Rate of formation of photoproducts. The rate of 15¢ o %
formation of the photoprodudestimated from the L
linear portion of Fig. 3 is faster(approx. 1.3-1.5 5 | P A AN VAV SN (VA S
times than for PPIX in buffer but much slower 0 ° 10 E 35/ M 2|0 %0
than the corresponding rate for PPIX bound to (JuMol)
albumin or in most organic compound$able 4.

v e b b e by

w
8]

Fig. 3. Dose-dependent formation of photoproducts. Decrease

4. Discussion of PPIX fluorescence maximum as a function®fccording
to Eq.(4). The linearity of the plo{0.97<R <0.99 confirms
4.1. PPIX bound to HSA the validity of the pseudo-first order model. PPIX in DMSO

Lo . (circles), PPIX bound to HSA(squarey and PPIX bound to
Irradiation of PPIX bound to albumin produces gG (diamonds. The irradiance was 1 W. The fitting shown

a complex emission spectrum and forms photo- was obtained using Eq4).
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Fluorescence lifetime experiments provide the
same lifetime for the photoproduct at 652 and 666
nm (Table 3. This evidence favors the second
interpretation as it would have a smaller conse-
quence on the fluorescence lifetime of PPIX. We
cannot, however, rule out that the inability to
detect a different lifetime for the two photoprod-
ucts at 652 and 666 nm which results from the
intrinsic limitation of the fluorescence decay
deconvolution algorithm.

The rate of photoproduct formation is faster
than in any of the solvents investigatétiable 4
with the exception of chloroform. Since our results

359

of non-irradiated sample€Table 2 confirms our
hypothesis that the binding site of IgG leaves the
porphyrin exposed to the solvent. The slow rate of
photoproduct formatiofTable 4 is also consistent
with the proximity of the aqueous environment.
Other parameters, however, point towards the
involvement of proximal amino acids. The fluores-
cence lifetime of the photoproduct is in fact dis-
similar to the one formed in buffer. Moreover, the
position of the emission maximum is more in line
with the one observed in organic solver(fable

1). Since we have excluded the possibility that the
polarity of the environment is responsible for the

suggest that there is no correlation between the spectral position of the photoproducts or for their

rate of formation of PPIX photoproducts and the
dielectric constant of the solver(fTable 4, we
can conclude that the faster rate with HSA is not
due to the hydrophobic environment of the protein
main binding sites A and IlIA. We therefore
argue that the proximity of amino acid residues
influences the formation of photoproducts. Photo-
products of PPIX bound to albumin may be medi-
ated by singlet oxygen and could involve the
reactive group of amino acid side chaif2],
however, because of the secluded location of
bound PPIX the reactions responsible for the cre-
ation of photoproducts could proceed through
direct charge transfer with proximal residugss-

fluorescence lifetime, once again we suggest that
the proximity of certain amino acids influences the
formation of the photoproduct. Therefore before
irradiation PPIX photophysics is mostly influenced
by the aqueous environment, upon irradiation
instead, PPIX photochemistry is strongly influ-
enced by the presence of the amino acids in the
binding site. From the similarity between the
parameters of PPIX photoproduct bound to IgG
and those in organic solven{¥ables 1-4 we can
also suggest that the mechanism of formation
might also be similar and occurring mostly through
the reaction with the PPIX triplet-mediated singlet
oxygen. This would in turn point to different

tidine and tryptophan are possible candidates asphotochemical mechanisms involved when PPIX

they participate to the binding sitg7,18). The
possibility of this second mechanism would bear
great consequences for PDT in vivo as it would
introduce a mechanism, which is likepart of

these PSs are likely bound to the hydrophobic sites

of proteing and does not involve production of
singlet oxygen which is the fundament of PDT.
The bi-exponential decay could also derive from
the presence of aggregated forms of PRixostly
dimers, which may also bind to the proteins in a
mechanism similar to their binding to phospholip-
ids bilayers[11].

4.2. PPIX bound to IgG
Irradiation of PPIX bound to IgG results in a

slowly increasing emission peak at 669 nm. The
similarity of the fluorescence lifetime parameters

is bound to IgG or albumin.

The possibility of protein-dependent photochem-
ical mechanisms would carry important conse-
guences in our understanding of PDT mechanisms.
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