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The secondary structure analysis of a potent Ser14Gly
analog of antiAlzheimer peptide, Humanin, by circular
dichroism
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Abstract: The structure of a highly potent Ser14Gly analog of antiAlzheimer peptide, Humanin, was examined by circular
dichroism (CD). The secondary structure is more disordered in water than in phosphate-buffered saline (PBS). The peptide
structure in water is little dependent on both peptide concentration and temperature. On the contrary, the peptide structure
was significantly different in PBS from the structure in water, which is more apparent at a higher peptide concentration and
temperature. The observed different structure in PBS appears to be due to self-association of the peptide, which is enhanced by
elevated temperature and, hence, via hydrophobic interactions. The wild-type Humanin also behaved similarly, i.e., it assumed
a disordered structure in water but underwent conformational changes in PBS. Although high peptide concentrations for CD
measurements are not encountered in vivo, the results suggest the tendency of the peptide to interact hydrophobically with other
structures as well as with itself. Copyright  2006 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

Humanin was identified as a neuroprotective peptide
against Alzheimer’s diseases [1–3]. The mutational
analysis of the Humanin sequence showed that
a Ser14Gly (S14G) mutation resulted in a large,
approximately 1000-fold, increase in in vitro activity,
although the mechanism of the observed activity
enhancement has not been clarified [4]. While extensive
studies have been carried out on the biological function
of this peptide [1–7], there is little study done on
the solution structure. Recently, the circular dichroism
(CD) and NMR structure study on Humanin was carried
out showing that the peptide was primarily disordered
when dissolved in water [8]. Here, we compare the
structure of the S14G analog of Humanin in water and
in phosphate-buffered saline (PBS) by CD. While the
structure of S14G analog is similar to that of wild-
type peptides and is largely disordered in water, the
structure of both its wild-type and S14G mutant is
significantly different in PBS from their structure in
water, as reported in this paper.

MATERIALS AND METHODS

Both wild-type Humanin and S14G analog peptides were
prepared by Peptide Institute, Inc (Osaka, Japan). Both
peptides were dissolved in water at 2 mg/ml by weight,
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as has been prepared in the biological studies (1–7), and
used as a stock solution. The weight of the counter ion,
trifluoroacetic acid, was ignored because of its unknown
quantity in the lyophilized powder. Thus, there is ambiguity
in the peptide concentration determined as above. Since the
peptides have a maximum of five net positive charges, the
highest possible concentration of trifluoroacetic acid is ∼2 mM

at 1 mg/ml peptide solution. There are no aromatic amino
acids in the peptide for absorbance measurement, which gives
an accurate peptide concentration for CD calculation. The
stock solution was further diluted with water or PBS to make
different peptide concentrations. The pH of peptide solution in
water was around 3.5, while pH of peptide solution in PBS was
around 7.

CD spectra were determined on a Jasco J-715 spectropo-
larimeter at room temperature using a 0.05-cm cell. For CD
measurements at constant or variable temperatures, a Peltier
cell holder controlled by PTC-348WI and a 0.1-cm cell were
employed. The solvent spectrum was subtracted from the sam-
ple spectrum and the subtracted spectrum converted to the
mean residue ellipticity (CD signal per amino acid) using the
peptide concentration, the path-length of the cell and the mean
residue weight. The mean residue weight was 110.7 for S14G
analog and 112 for the wild-type peptide. The thermal melting
was followed at 216 nm.

RESULTS

Humanin is highly soluble at 2 mg/ml in water and
was subjected to far UV CD analysis. The spectra of
S14G analog at 0.2 mg/ml and 1 mg/ml are shown
in Figure 1 and are similar to each other, indicating
no concentration dependence of the peptide secondary
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structure. The spectrum is close to that published for
the wild-type Humanin, which was characterized by
NMR as a random coil [8]. It appears that the S14G
mutant as well is disordered in water. Figure 1 also
shows the far UV CD spectrum of the mutant at
1 mg/ml in PBS (dashed line). It is significantly different
from the spectra in water, indicating that the peptide
assumes a different secondary structure in PBS.

The secondary structure of S14G mutant in PBS was
examined at different peptide concentrations. Figure 2
shows the far UV CD spectra at 0.1, 0.5 and 1 mg/ml,
which are significantly different from each other. Thus,
the secondary structure in PBS of the peptide, unlike in
water, depends on peptide concentration, suggesting
self-association of the peptide in PBS, but not in
water. The spectrum in PBS at 0.1 mg/ml is different
from the spectrum in water at 1 mg/ml, indicating
that the peptide assumes a different structure in PBS
from the structure in water, regardless of the peptide
concentration.

The far UV CD spectrum at 1 mg/ml in PBS shows
a minimum at 216 nm. This signal increased as
the peptide concentration was increased. Therefore,
thermal melting was examined to see whether or not
such signal change is also observed with increasing
temperature. Figure 3 shows the change in CD signal at
216 nm as a function of temperature using 0.2 mg/ml
peptide solution. In both water and PBS, the 216 nm
signal decreased linearly with temperature, indicating
that a higher temperature enhances the negative CD
intensity. There is no cooperative transition in both
solvents, indicating no apparent melting of the peptide
structure by heat. In addition, there is no apparent
change in turbidity during heating (data not shown).
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Figure 1 The far UV CD spectra of S14G mutant in water
(solid line and dotted line) and in PBS (dashed line). Solid line,
0.2 mg/ml in water; dotted line, 1 mg/ml in water; dashed
line, 1 mg/ml in PBS. As shown here and in the following
figures, the data are obtained to 205 nm, because a high
peptide concentration, and the use of PBS and a 0.1-cm cell,
did not allow us to go below this wavelength.

-5000

500

-4000

-2000

0

205 260220 240

Wavelength [nm]

S
p

c.
 E

lli
p

.

Figure 2 The far UV CD spectra of S14G mutant in PBS
at room temperature as a function of peptide concentration.
Solid line, 0.1 mg/ml; dotted line, 0.5 mg/ml; dashed line,
1 mg/ml. Spectrum in water (1 mg/ml) is shown in gray.
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Figure 3 CD change monitored at 216 nm for 0.2 mg/ml
S14G mutant in water (solid line) and PBS (dotted line). There
is no apparent aggregation, as the absorbance (turbidity) at
216 nm changed little over the course of heating.

The secondary structure of S14G mutant in PBS
at high temperature was then compared with its
structure at high peptide concentration observed at
room temperature. As shown in Figure 4, the far UV
CD spectrum of 0.2 mg/ml sample was similar, if
not identical, to that of 0.5 mg/ml sample at 60 °C,
indicating a small peptide concentration dependence of
secondary structure at 60 °C, while there was a much
larger concentration dependence at room temperature
as described above. These spectra are similar to the
spectrum of 1 mg/ml peptide solution in PBS at room
temperature. Thus, it may be concluded that both
high peptide concentration and temperature convert
the peptide into a similar structure.

Is the temperature-induced structure change
reversible? It is not, at least in PBS within the time of
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Figure 4 The far UV CD spectra of S14G mutant in PBS.
Solid line, 0.2 mg/ml at 60 °C; dotted line, 0.5 mg/ml at 60 °C;
dashed line, 1 mg/ml at room temperature.

incubation, as described below. As shown in Figure 5,
there is a large change in the far UV CD spectrum at
60 °C (dotted line) compared with the spectrum at 20 °C
(solid line). When the sample incubated at 60 °C over
40 min was brought to 20 °C and incubated for 30 min,
the spectrum did not return to the original. Instead,
the spectrum (dashed line) was closer to that at 60 °C,
indicating, that at least, 30 min incubation at 20 °C
does not restore the original structure in PBS.

On the contrary, high temperature structure change
is reversible in water. As shown in Figure 6, there are
some changes in the far UV CD spectrum at 60 °C, but
not as drastically as in PBS, and the structure returns
to the original when the 60 °C sample was cooled to
20 °C and incubated for 30 min. It may be concluded
that the S14G mutant undergoes conformational
transition in PBS as the peptide concentration was
increased, indicating self-association of the peptide.
Since the same conformational transition occurs at
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Figure 5 The far UV CD spectra of S14G mutant at
0.2 mg/ml in PBS as a function of temperature. Solid line,
20 °C; dotted line, 60 °C; dashed line, 20 °C after 60 °C heating.

higher temperature, it appears that high temperature
enhances such self-association, an indication that the
self-association is due to hydrophobic interactions.

Finally, the structure of S14G mutant was compared
with the wild-type Humanin (Figure 7). The structure
in water is indistinguishable between the mutant and
wild-type peptides, although an ambiguity exists in
peptide concentration. The structure in PBS is similar
between these two peptides, indicating that the wild-
type Humanin peptide also undergoes structure change
in PBS. There may be small, but significant, differences
in the secondary structure in PBS between the mutant
and wild-type peptides. Whether or not such structure
differences between the wild-type and mutant peptides
are related to the difference in their activity remains to
be investigated.
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Figure 6 The far UV CD spectra of S14G mutant in water
as a function of temperature. Solid line, 0.2 mg/ml at 20 °C;
dashed line, 0.2 mg/ml at 60 °C; dotted line, 0.2 mg/ml at
20 °C after heating to 60 °C.
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Figure 7 The far UV CD spectra of S14G mutant (dotted line)
and wild-type (solid line) at 1 mg/ml in water (black) and PBS
(gray). Note that the peptide concentrations of wild-type and
S14G mutant were normalized on the basis of the absorbance
at 210 nm.
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DISCUSSION

Short peptides are generally incapable of forming the
stable secondary and tertiary structure because of the
absence of long-range interactions, as observed here by
the far UV CD for the wild-type Humanin and for the
S14G analog in water. However, significant changes
in the far UV CD spectra and, hence, the secondary
structure were observed in PBS. Although CD is
not a reliable technique in estimating the secondary
structure rich in β-sheet and, additionally, as the
spectra were obtained only to 205 nm, the structure in
PBS of S14G mutant and wild-type peptides appears to
be an immunoglobulin-domain type β-sheet structure.
There are no other known secondary structure types
that give rise to a minimum at 216 nm in the far UV
CD spectrum. The structure-changes in PBS occur in
the 0.1–1.0 mg/ml peptide concentration, suggesting
that the affinity for self-association is in the 10–100 µM

range. Although such a high peptide concentration is
not encountered in biological systems, the observed
results suggest a possibility that the Humanin peptide
has a tendency to associate with other molecules as well
as to itself, which may have resulted in the structure
transition as observed in this study. In fact, self-
association of Humanin into dimers and/or oligomers
appears to occur under physiological conditions and
seems to be required for biological activities [3,4].

Higher temperature was shown to enhance the
structure-changes in PBS, suggesting the involve-
ment of hydrophobic interaction. The S14G Humanin
sequence, MAPRGFSCLLLLTGEIDLPVKRRA, contains a
cluster of hydrophobic residues in the middle, which
may be responsible for the temperature-dependent self-
association of the peptides. In water (pH 3.5), the
peptides have 4 net positive charges, which may be
sufficient to prevent self-association due to charge
repulsion, resulting in a disordered structure. In PBS,
the decrease in net charge to 2 and a sufficient ionic
strength reduce charge repulsion, leading to hydropho-
bic self-association of the peptides.

It should be noted that the mutation at position 14
from serine to glycine, which resulted in ∼1000-fold
higher biological activity [2,4], is near the above
described hydrophobic cluster. The observed structure
difference in PBS between the wild-type and S14G
mutant may be due to the direct effects of this mutation

on the structure and the hydrophobic nature of the
cluster, leading to the large difference in the biological
activities.
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