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Abstract

An abnormal fluorescence emission of protein was observed in the 33-kDa protein which is one component of the three ex-

trinsic proteins in spinach photosystem II particle (PS II). This protein contains one tryptophan and eight tyrosine residues,

belonging to a ‘‘B type protein’’. It was found that the 33-kDa protein fluorescence is very different from most B type proteins

containing both tryptophan and tyrosine residues. For most B type proteins studied so far, the fluorescence emission is dominated

by the tryptophan emission, with the tyrosine emission hardly being detected when excited at 280 nm. However, for the present

33-kDa protein, both tyrosine and tryptophan fluorescence emissions were observed, the fluorescence emission being dominated

by the tyrosine residue emission upon a 280 nm excitation. The maximum emission wavelength of the 33-kDa protein tryptophan

fluorescence was at 317 nm, indicating that the single tryptophan residue is buried in a very strong hydrophobic region. Such a

strong hydrophobic environment is rarely observed in proteins when using tryptophan fluorescence experiments. All parameters of

the protein tryptophan fluorescence such as quantum yield, fluorescence decay, and absorption spectrum including the fourth

derivative spectrum were explored both in the native and pressure-denatured forms. � 2002 Elsevier Science (USA). All rights

reserved.
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The fluorescence spectroscopy of proteins is a pow-
erful tool to study their structure, function, and inter-
action. Many achievements have been obtained in
thousands of research articles on protein intrinsic or
extrinsic fluorescence [1–6]. Even if the mechanism of
protein fluorescence is being understood more and
more, some questions still remained and need further
exploration. The relationship between tryptophan and
tyrosine fluorescence emission is one of them. For most

native proteins containing both tryptophan and tyrosine
residues (termed as ‘‘B type proteins’’) their fluorescence
emission excited at 280 nm is dominated by the trypto-
phan fluorescence where the band maxima vary in
wavelength between 328 and 350 nm, as observed for the
21 globular proteins studied by Teale [7]. The tyrosine
fluorescence emission was hardly to detect in spite of
both the high absorption coefficient at 280 nm and the
high fluorescence quantum yield of free tyrosine in
aqueous solution. A typical example of this phenome-
non is given by the fluorescence emission of human se-
rum albumin. This protein contains one tryptophan and
17 tyrosine residues. Interestingly, it is only the trypto-
phan fluorescence of the protein that can be detected,
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irrespective of the wavelength of the exciting light, even
if the tyrosine residues predominate in absorption
[1,7,8]. However, in our recent study on the unfolding of
the 33-kDa protein from spinach photosystem II particle
induced by high hydrostatic pressure, it was observed
that, in its native form, the fluorescence emission, upon
an excitation at 280 nm, did not predominate in the
wavelength range between 328 and 350 nm, as generally
observed in proteins containing tryptophan [7], but at a
shorter wavelength (around 305 nm) [9]. The 33-kDa
protein is one component of the three extrinsic proteins
in photosystem II particle (PS II), playing an important
role in stabilizing manganese cluster and in maintaining
high oxygen-evolving activity of PS II [10–12]. The
protein consists of 248 amino acid residues with a single
tryptophan residue (Trp241) and eight tyrosine residues
[13]. It was reported that the protein has a very low free
energy for chemical denaturation [14] and that a rela-
tively low pressure of about 180MPa can totally unfold
the protein, which is rarely observed in a pressure-un-
folding study [9]. This indicates that physical–chemical
parameters can largely modulate the protein confor-
mation which could be due to an unusual intramolecular
topology. Regarding the presence of one tryptophan
residue, it was expected that the protein fluorescence
excited at 280 nm should not have any detection for
tyrosine emission as observed for human serum albumin
[7]. However, we found that in such a condition, i.e.,
upon excitation at 280 nm, the fluorescence was domi-
nated by the emission of the tyrosine residues. Its fluo-
rescence emission spectrum is obviously different from
that excited at 295 nm, an unusual observation com-
pared with the behavior of the ‘‘B type proteins’’ studied
by Teale [9].

Materials and methods

Purification of the 33-kDa protein. The 33-kDa protein was isolated

and purified from spinach chloroplast photosystem II according to the

methods of Kuwabara and Murata [15] and Xu and Briker [16] with

minor modifications. The purified protein was dialyzed against 10mM

NH4HCO3 and then lyophilized. The protein concentrations were

determined as described in the Xu and Briker report [16]. The protein

was dissolved in 0.1M, pH 6.0 Mes buffer. All other reagents were of

A.R. grade. Distilled water was further purified by a Millipore system

to a resistance of 18MX.
Fluorescence and absorption measurements. The fluorescence mea-

surements were carried out using either an Aminco Bowman Series 2

(AB2) fluorospectrophotometer or a 48000 SLM fluorospectropho-

tometer (SLM Instruments). The slits of both excitation and emission

were 2 nm. The quantum yields of tryptophan in the protein were

determined according to the relative method of Chen [17].

The absorption spectra of the protein between 260 and 300nm were

measured using a Cary-3 absorption spectrophotometer. The fourth

derivative absorption spectra were calculated from the absorption

spectrum according to Lange et al. [18,19]. The measurements of both

the protein fluorescence spectra and the fourth derivative absorption

spectra under high hydrostatic pressure were achieved as previously

described [9].

Results and discussion

The intrinsic fluorescence characteristics of the 33-kDa
protein

Fig. 1 shows the fluorescence emission spectra of the
33-kDa protein excited either at 295 nm (A) or at 280 nm
(B). The 295-nm wavelength excites only the tryptophan
residue; meanwhile, the 280 nm excites both tryptophan
and tyrosine residues. In A, the maximum fluorescence
emission is at about 317 nm, indicating that the single
tryptophan residue (Trp241) is located in a very hy-
drophobic environment, a consistent observation with
the results reported by Tanaka and co-workers [13]. The
emission spectrum (B) is significantly different in com-
parison with the spectrum A. Its maximum emission is
at about 306 nm, a shorter value than the 317 nm max-
imum emission observed in A, but a little longer than the
fluorescence spectrum of free tyrosine in the same Mes
buffer (303 nm, spectrum D). These observations show
that the 33-kDa fluorescence excited at 280 nm cannot
be attributed only as coming from the tryptophan resi-
due, with the tyrosine residue also being involved. A
detailed analysis of the intensities of spectra A and B
indicates that the tryptophan residue is responsible of
about 30% of the total fluorescence, clearly showing that
the fluorescence emission excited at 280 nm is mainly
dominated by the tyrosine residues rather than the tryp-
tophan one. Such a phenomenon is rare to be observed.
In the Teale study [7], most ‘‘B type’’ globular proteins
have only a tryptophan detectable fluorescence when
excited at 280 nm. It was also worth indicating that the
maximum emission wavelength of tryptophan in 33-kDa

Fig. 1. Fluorescence emission spectra of the 33-kDa protein and free

tyrosine. A and B, fluorescence spectra of the 33-kDa protein excited at

295 and 280 nm, respectively; C, normalized fluorescence emission

spectrum A to B; D, normalized fluorescence spectrum of free tyrosine

to spectrum B excited at 280 nm. Protein concentration: 0.1mg/mL in

0.1M, pH 6.0 Mes buffer. Free tyrosine concentration: 2:0� 10�6 M in

the same buffer. Temperature, 20 �C.
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protein is 317 nm. Such a short maximum emission
wavelength is not often observed in protein fluorescence.
The shortest maximum emission of tryptophan in wild
proteins studied so far was at 308 nm, as found in azurin
[1,20]. Other shorter values reported were 324 nm for
RNase T1 and 325 nm for aldolase, respectively [20].
Generally, the shorter maximum emission corresponds
to the more hydrophobic environment around the try-
ptophan residue. Therefore the 317 nm maximum
emission observed implies that the single tryptophan
(Trp241) is located in a very strong hydrophobic envi-
ronment, which is not the case for most wild proteins
studied by fluorescence. The 33-kDa protein is fairly
hydrophilic, consisting of 64 charged amino acid resi-
dues [11]. The primary structure shows three regions rich
in the charged amino acids and Trp241 is located near
the third one (Asp224–Glu238) [11]. Trp241 is very close
to the C-terminal amino acid residues from 239 to 248:
G–V–W–Y–A–Q–L–E–Q–Q. There are few hydropho-
bic amino acid residues near the Trp241 according to the
sequence. Therefore the questions are: (1) what are the
amino acid residues located around Trp241 in the ter-
tiary structure of the protein that are able to form so a
high hydrophobic environment, and what is the role of
this conformation in the protein function? For the mo-
ment, the answers are still open.

Fluorescence of the 33-kDa protein-denatured form by
pressure

To further prove that both tryptophan and tyrosine
residues are responsible for the protein fluorescence
excited at 280 nm, the fluorescence variation induced by
pressure-unfolding was followed. In bio-macromolecule
high pressure studies, fluorescence spectroscopy intro-
duced by Weber is a suitable method in which the
fluorescence spectrum, the fluorescence intensity, the
fluorescence polarization, and the lifetime of the in-
trinsic and extrinsic fluorophores can be used to detect
the pressure effect on oligomeric protein dissociation,
conformational changes or folding–unfolding [21–29].
The 33-kDa protein can be totally unfolded by a
pressure of 200MPa [9]. Fig. 2 shows the tryptophan
fluorescence spectra of the protein excited at 295 nm
either at an atmospheric pressure (0.1MPa) at
200MPa, indicating that the spectrum of pressure-de-
natured protein had a huge 35 nm red shift from
317 nm to 352 nm for the native and pressure-denatured
proteins, respectively. The latter wavelength is the
characteristic fluorescence emission for free tryptophan
in aqueous solution. This implies that the single tryp-
tophan residue Trp241 in the pressure-denatured pro-
tein is totally exposed to the solvent. Fig. 3 shows the
emission spectra of the protein excited at 280 nm, at 0.1
and 200MPa, respectively. The comparison of these
two spectra indicates that the fluorescence in the region

from 295 to 340 nm has both a decrease in intensity and
a small spectral blue shift for the pressure-denatured
protein. Meanwhile, in the region from about 340 nm to
380 nm the fluorescence intensity increases. Considering
the spectral red shift of the pressure-unfolding protein
observed in Fig. 2, the fluorescence increasing in the
region 340–380 nm is obviously attributed to the red
spectral shift of the tryptophan fluorescence. On the
other hand, the reasonable explanation for the change
in the region from 295 to 340 nm is as follows. The
spectrum 1 could have consisted of a spectral compo-
nent from both tyrosine and tryptophan residues. The
tyrosine fluorescence maximum emission wavelength is
at about 303 nm and is not significantly influenced by
the environmental conditions. Therefore, when the
tryptophan emission component in spectrum 1 moved
to the red direction upon pressure-denaturation, the

Fig. 2. Fluorescence spectra of the 33-kDa protein at 0.1 and 200MPa.

Excitation wavelength: 295 nm. The protein concentration was the

same as in Fig. 1.

Fig. 3. Fluorescence spectra of the 33-kDa protein at 0.1 and 200MPa.

Excitation wavelength: 280 nm. The protein concentration was the

same as in Fig. 1.
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remaining fluorescence spectrum in this region should
mainly come from the tyrosine residues. As shown in
the spectrum 2, both a decrease in intensity and a blue
shift are observed. The spectral changes shown in Figs.
2 and 3 strongly supported the conclusion that both the
tyrosine and tryptophan residues are involved in the 33-
kDa fluorescence when the protein is excited at 280 nm.
Fig. 3 also indicates that the tyrosine contribution to
the protein fluorescence emission is larger than the
tryptophan one.
As mentioned in the introduction, the 280 nm exci-

tation induced fluorescence emission of the native ‘‘B
type’’ proteins, often dominated by tryptophan fluores-
cence [9]. For native protein, with the tyrosine emission
is frequently undetectable, the tyrosine emission being
observed only in the denaturation state [1]. The reasons
for this phenomenon have been generally attributed ei-
ther to the energy transfer from tyrosine to tryptophan
or to the tyrosine fluorescence quenching by the nearby
charged amino groups and by neutral carboxylate
groups [1,7]. However, the puzzle of precise mechanism
for some particular proteins is not yet solved. The
33-kDa protein contains one tryptophan and eight
tyrosine residues, the ratio 8/1 being much smaller than
that in human serum albumin (16/1) [7]. However, an
expected tyrosine fluorescence was observed with an
excitation at 280 nm.

Complementary experiments: fourth derivative UV spec-
troscopy, fluorescence quantum yield, and fluorescence
decay

To strengthen the above conclusions, the fourth de-
rivative UV absorption spectra (4thD), the fluorescence
quantum yield, and the tryptophan fluorescence decay
were explored. Fig. 4 shows both the absorption spectra
(zero order) and the fourth derivative UV absorption
spectra of the protein at pH 6.0 and 20 �C. The advan-
tage of the 4thD is that the corresponding spectral
contributions of tyrosine and tryptophan residues in
protein can be identified. According to Lange et al.
[18,19], the spectra near 283 and 290 nm originate
mainly from the contributions of tyrosine and trypto-
phan residues, respectively. A detailed analysis of the
spectra indicated that no significant difference was ob-
served when comparing the 33-kDa protein with other
proteins we previously studied (for example, with the
thermolysin pressure-denaturation, see [30]). On in-
creasing the pressure, the fourth derivative spectra were
blue-shifted in both regions, suggesting, as observed in
fluorescence, that the mean polarities of both tyrosine
and tryptophan residues were increased by pressure, i.e.,
more exposed to the solvent. The change in their envi-
ronments can be approximately estimated from the shift
of maximum amplitude of the derived spectrum [18].
For example, the maximum for tyrosine residues cor-

responds to an increase of the dielectric constant from
about 25 to 65. The fluorescence quantum yield (0.04)
(see Materials and methods) of the protein tryptophan is
rather low (the tryptophan quantum yield in protein is
mostly about 0.1) and the fluorescence decay showed
multiple components. For the main components it was
3.3 ns and for the minor components 0.7 and 7.45 ns,
usual values for most B proteins. It seems that these
parameters cannot provide a clue to explain the phe-
nomenon described. To solve all the questions men-
tioned above, we thought that further explorations using
various methods are needed. A detailed analysis of the
fluorescence of various 33-kDa protein mutants in which
eight tyrosine residues are orderly substituted by
site-directed mutation together with a study on the
three-dimensional structure of the protein by X-ray
crystallography or NMR could provide definitive con-
clusions. However, there is no doubt that the 33-kDa
protein from spinach photosystem II is an ideal model
to solve the puzzle why only tryptophan fluorescence
emission can be observed in B type proteins upon a
280 nm excitation.

Fig. 4. UV absorption spectra of the 33-kDa protein. A, zero-order

absorption spectrum at 0.1MPa; B, fourth derivative spectra at 0.1

and 200MPa. Protein concentration: 0.8mg/mL in 0.1M, pH 6.0 Mes

buffer. Temperature, 20 �C.
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