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The fluorescence intensity of the Single tyrosine residue in histone HI increases from RTYR = 0.3 to RTyR = 1.3 as the 
protein undergoes a conformational change from thz random CO!: state to a folded form. Enhanced fluorescence in the fold- 
ed state has not been observed before in a protein. Histone HS shows no change in fluorescence intensity on folding. This is 
interpreted as a result of compensation betwen enhanced and reduced fluorescence in the three tyrosine residues. 

I _ Introduction 

The study of fluorescence emission intensity from 
tyrosine is an important method for investigating 
conformational changes in proteins. In a recent review 
of tyrosyl fluorescence [l 1 Cowgill has classified 8 
types of tyrosine fluorescence in terms of quenching 

mechanisms. He concluded that buried tyrosine re- 
sidues are quenched relative to exposed tyrosine. 

We report here an unambiguous case in which a buried 

tyrosine shows enhanced fluorescence. 

Histones are suitable molecules for the study of 
tyrosyl fluorescence since they contain no tryptophan 
(class A proteins) and furthermore the lysine rich 
histones Hl and HS do not contain cystine, a possible 
quenching residue. Hl from calf thymus is particular- 
ly interesting since it contains only one tyrosine in its 
215 residues [2] - HS from chicken erythrocytes con- 
tains three tyrosines in X87 residues [3]. Roth proteins 
are random coil when in dilute solution at pH 3.5 and 
are induced to fold by increase of pH or ionic strength 
[4,Sl. The fluorescence intensity of both proteins has 
therefore been studied as a function of pH and ionic 
strength and the conformation of the proteins has 

been monitoredby observing the circular dichroism 
(CD) spectrum of the same solutions as used for the 

fluorescence measurements. 

2. Materials and methods 

Fluorescence intensity is reported as a quantum 

yield ratio (R~R = Qhistonf/QL_tyrosinc) with respect 
to a lo-5 M solution of L-tyrosine in 2 X lo-” M tris 
buffer. pH 7 [6] _ The fluorescence spectrum was ex- 
cited at 235 nm, the wavelength of a substduary max- 
imum in the tyrosine excitation spectrum. Although 
this excitation wavelength leads to weaker fluorescence 
as compared to excitation at the more conventional 
wavelength of 279 nm, the fluorescence is quite free 
from overIap of both the Rayleigh and Raman water 
scattering bands. A check on the use of this excitation 
wavelength was made with bovine pancreatic ribo- 
nucleate A at lo-” M, pH 7_ An RTYR value of0.097 
was measured with excitation at 279 nm and a value of 
RnR = 0.099 was observed with 235 nm excitation. 
All measurements were carried out at 3 protein concen- 
tration lo- ’ M. Correction (<IO%) w 1s ?Iways made 
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Fig. 1. Ulipticity at 220 nm (upper) and quantum yield ratio 
flower) for HI solutions with changes in NaCl concentration 
at pK 3.5. 

for the absorption of the excitation Sight at 235 nm 
but no correction was required for the emitted light. 
Permanganate redistilled water was lned throughout. 

No change in the shape or h, of the fluorescence 
band was observed with changing protein conformation 
and sohrtion conditions: fluorescence intensity was 
tbsrefore measured as the peak height at X,, = 305 
nm_ Cylindrical microcells of 5.4 mm diameter were 
used in a Hitachi-Perkin Elmer MPF3L spectra- 
fluorometer. CD measurements were made on a Jouan 
11 Dicrographe. 

Histone Hl was extracted from calf thymus by the 
method of Johns [7] and purified by chromatography 

on Amberlite CGSO resin. Purity was checked by 
acrylamide gel electrophoresis according to Panyim 
and Chalkiey 18 J using a high loading to check for the 

presence of other histones. A purity of >95% was 
estimated by this method. Under the conditions used 
the AmberJite did not subfractionate HI, but all sub- 
fractions have very closely related composition and 
in particular all have the single tyrosine and identical 
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Fig. 2. Ellipticity at 220 nm (upper) and quantum y&d ratio 
ilower) for Hl solutions with changes in NaCl concentration 
at pH 7.0. 

conformational properties [9 J_ Histone HS was ob- 
tained from chicken erythrocytes by sulphuric acid 
extraction [lo] and purified on Biogel PlO in 20 mM 
HCl. Acrykunide gel electrophoresis estabhshed a puri- 
ty of >95%. 

3. Results and discussion 

A number of preliminary experiments were carried 
out to check the possibfe influence on tyrosine fluores- 
cence of several concentrations of NaCJ in 10 mM 

phosphate buffers, using three’ tyrosinecontaining pep- 
tides: L-Lysyl-L-tyrosine amide, L-Lysyl-L-tyrosyl-L- 
lysine and L-Lysyl-L-tyrosine. Only a srnailt change in 

fluorescence intensity was observed (dRTYR < 0.1) 

between pH 3 and 7 and ionic strengths up to 1.0 for 
the first two peptides. In the case of L-Lysyl-L-tyrosine 
the fluorescence was greater at pH 7 than at pH 3 by 
m.15. This is presumably due to quenching by the 
adjacent carboxyl group in this peptide [i Z ]. It was 
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concluded that no special problems attach to the use 
of 10 mM phosphate buffers and therefore that all 
changes in fluorescence intensity of the protein solu- 
tions with changing solution conditions are due to 
protein conformational changes. 

Figs 1 and 2 show quantum yield ratio data ob- 
tained on HI at pHs 3.5 and 7, respectively. The 
folding of Hl into globular structure by ionic strength 
or pH increase involving a secondary structure was al- 
ready shown [4,9,12,13]. It has been established that 
not all of HI is included in the tertiary globular fold, 
but only the section of the chain between residues 
39 2 4 and 116 2 4, which includes the tyrosine resi- 
due at positicn 72. No p structure was found by infra- 
red and circular dichrcism studies in the folded struc- 
ture of histole HI. The secondary structure of the 
N-terminal half of Hl can be interpreted in terms of 
a-helix conformation of the residues 42-55 and 5% 
75. However the appearance in the NMR spectra of 
a number of ring-current-shifted resonances upfield of 
methyl peak, indicates that further tertiary folding 
takes place to produce a more compact structure. As 
a result of this, tyrosine 72 is confined to a buried 

environment. Indirect evidence for a buried environ- 
ment comes from the observation that nitration or 
iodination of the residue prevents folding of HI, whilst 

reduction of the nitro-tyrosine derivative to amino- 

tyrosine allows the protein to fold but causes changes 
in the ring-current shifted PMR peaks characteristic 
of the hydrophobic centre of the fold (G-E. Chapman, 
unpublished observations). Therefore the change in the 
elhpticity at 220 run (fig. 1) reflects the formation of 
the secondw structure. About 0.5 M NaCl is required 
for complete folding at pH 3.5, whilst (fig_ 2) in low 
ionic strength at pH 7 the protein is highly folded but 
still requires added ionic strength to achieve the fully 
folded state. The changes in fluorescence intensity of 
HI clearly parallel the changes in secondary structure 
(CD) and the associated changes in tertiary structure 
[4,9,12,13] and must therefore be due to transfer of 
the singIe tyrosine residue from a random coil State to 
a folded state. In the random coil state RnR = 0.30, 

a value typical for an exposed tyrosine in a denaturated 

protein Cl]- In the folded state, RnR has an unpre- 
cedented value (=I -3) which is higher than that assumed 
as representative ofnonquenched tyrosy1 residues in 
an aqueous environment [f 1. 

We conclude therefore that in folded Hl, the buried 
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Fig. 3. Ellipticity at 220 nm (upper) and quantum yield ratio 

(lower) for H5 solutions with changes in NaCl concentration 
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Fig_ 4. EUipticity at 220 nm (upper) and quantum yield ratio 
(lower) for HS solutions with changes in NaCl concentration 
at pH 7.0. 
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tyrosine is not close to any quenching group so that it 
displays a much enhanced fluorescence. A new category 
of buried tyrosine must be added to those already 
established, i.e. buried in a Iiydrophobic environment 
and not hydrogen bonded or close to a quenching 
group, R,, > 1. 

4. Conclusions 

Data for histone H5 are shown in figs. 3 and 4 The 
conformation of HS is more sensitive to pH and ionic 
strength than Hl. In the fully folded state the eliipticity 
at 220 run is about -4200”- Recent conformational 
studies have shown that, Iike HI, not all of the 185 
residues of H5 are included in the globular fold (51. 
It has 5een demonstrated that the globular region of 
H5 involves residues 1 to at least 99 [14]. The extrinsic 
Cotton effects and the PMR spectrum of H5 show 
tyrosine perturbations, directly implicating tyrosine 
in the folded segment [5]. The three tyrosines at posi- 
.tions 28,53 and 58 are therefore included in the fold. 
Fig. 3 shows that in the random coil state at pH 3.5 
(no Nail) RnR is about 0.25, a vaIue reasonable for 
the denaturated state. The same figure also shows lhat 
folding with the increzing of ionic strength has essen- 
tially no effect on the fluorescence intensity. At pH 
3.5 the lack of change in fluorescence intensity on 
folding might be the result of a compensating effect in 
which some tyrosine residues show an enhancement 
(eXFOSed and non-quenched or buried in a non-polar 
environment) and others a reduced fluorescence in- 
tensity because of the interaction with a carboxyl group. 
The data of fig. 4 at pH 7 support this tentative inter- 
pretation since there is a further reduction of the fluo- 
rescence even if the amount of secondary structure is 
the same of that found at pH 3.5. We are inclined to 
suggest a higher quenching effect of the dissociated 
carboxyl group. It is impossible with our data to in- 
dicate how many tyrosine groups are invoIved in 
the interaction with carboxyl groups. It is also possible, 
of course, that all 3 residues show no change in fluores- 
cence intensity on folding, but this seems unlikely 
particularly on the basis of the comparison of the data 
of figs. 3 and 4. On the other hand, the small increase in 
fluorescence intensity as the ionic strength rises to 0.G 
is less than 0.1 ans is probably a solvent effect and not 
the consequence of a structural change in HS. 

A very large enhancement of fluorescence intensity 
has been demonstrated for the single tyrosine of his- 
tone HI when the protein undergoes a conformational 
change from a random coil state to a folded form. It is 
concluded that in the folded form of HI the tyrosine 
residue is buried in the core of the protein in a highly 
hydrophobic environment, not close to any polar 
quenching groups such as peptide or carboxyl. Such 
enhancement of tyrosine fluorescence has not been 
observed before in a protein but is to be expected if 
the residue is in a truly hydrophobic environment akin 
to that of an apolar organic solvent [ 111. For histone 
H5 on the other hand, no change is observed in the 
fluorescence intensity from the 3 tyrosine residues 
when the protein folds. Since proteins usually show a 
marked reduction of tyrosine fluorescence on foIding, 
it is concluded that a compensating effect occurs i.e. 
that whilst certain tyrosine residues in H5 show a re- 
duction in fluorescence intensity at least one must ex- 
hibit an enhanced intensity. probabIy as in Hl_ 
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