
The effect of pH on fluorescence properties of PSII, the PSII without cluster are surveyed
below at pH range of 2.0 to 12.0 in ten steps. As a result, for the two samples were obtained,
two arrays of 15 (λex) × 75 (λem) × 11 (pH). This two arrays, were augmented and an array
with dimension of 15 (λex) × 75 (λem) × 22 (pH) was obtained. Matrix augmentation that can
be described as coupling two- and three-way data sets from various systems. This powerful
method can extract more reliable information about the individualities of the systems [3,4].
Applying PARAFAC on the data array obtained using two meaningful factors (Fig (a, b)), In
the excitation profile, with λex

max = 230 and 280 nm the blue profile are related to Tyr (λem
max

= 303 nm) and probably Trp, green profile with λex
max = 250 is related to Phe (λem

max = 300
nm), but in the emission spectra, the blue and green profiles correspond to Phe and Tyr (λem
max = 303 nm) due to energy transfers between them. The different possible conformation
states of PSII took place by changing pH. The shift of the emission maximum provides worth
information about the polarity changes in around the fluorophore molecule. Fig (c) displays
fluorescence intensity profiles for both fluorophores. Also, by repeating the experiment (20
times for each sample in pH=2 and 12), we were able to identify the samples.

Oxygenic photosynthesis is a physical-chemical
process which is utilized by the plants, algae
and cyanobacteria using light energy to build
carbohydrates from carbon dioxide and water,
releasing molecular oxygen into the
atmosphere. The production of oxygen is
related to photosystem II (PSII), which is
composed of a Mn-Ca cluster includes D1 and
D2 polypeptides [1]. The conformation of
proteins in photosystem II can be changed
under different conditions. These changes are
effective on different states of structure, and are
found important for understanding protein
functions [2]. One of techniques that was used
is the fluorescence spectroscopy. In this study,
3D-fluorescence spectroscopy and PARAFAC
were used to characterize and differentiate
spectral variations of three various samples, as
a function of pH.

0.01 g photosystem II with cluster was dissolved
in a small amount of 0.1 M phosphate buffer and
then using magnet was vigorously stirred to form
a transparent solution and was brought to a
volume of 100 mL. Then 10 ml from this
solution, was titrated with 0.2 M HCl and 0.2 M
NaOH in range of pH = 2-12. From samples
obtained, was took fluorescence spectra. For 0.01
g photosystem II without cluster, as the above
was carried out but for the sample of PSII with
high Mn that was synthesised according to steps
of mentioned, at the first, 25 mL from the initial
solution with 0.1 M phosphate buffer, was
brought to a volume of 100 mL. Then 10 mL
from it, was used for the titration experiment. The
fluorescence spectra were measured on a Cary
Eclipse Spectrofluorometer equipped with a
thermostatic bath (Model of Pharmacia Biotech)
and using a cell with width of 1 cm. Therefore,
the fluorescence Excitation–Emission Matrix
(EEM) landscapes were acquired by recording
the emission spectra from 200 to 400 nm, for
every 2 nm and excitation wavelengths were
ranging between 200 to 350 nm, for every 10 nm.
Both excitation and emission slits were set at 5
nm and scan rate was 9600 nm/min.
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Change in pH influences the PSII conformation at the tertiary structure level,
changes the surface amino acids. This variation of position can be detected via
the fluorescence spectral changes of the PSII proteins as a function of pH.
Different variations of profiles in the presence and absence of nano-cluster was
applied to distinguish the presence of clusters in the proteins using low-cost,
sensitive and rapid spectrofluorimetry.
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