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Abstract: Theb-subunit of the human chorionic gonadotropin (hCG) hormone, which is believed
to be related to certain types of cancer, contains three hairpin-like fragments. To investigate the role
of b-hairpin formation in the early stages of the hCGb folding, a 28-residue peptide with the
sequence RDVRFESIRLPGSPRGVNPVVSYAVALS, corresponding to the H3-b hairpin fragment
(residues 60–87) of the hCGb subunit, was studied under various conditions using three optical
spectroscopic methods: Fourier transform ir spectroscopy, electronic CD, and vibrational CD.
Environmental conditions are critical factors for formation of secondary structure in this peptide.
TFE : H2O mixed solvents induced helical formation. Formation ofb-structure in this peptide,
which may be related to the nativeb-hairpin formation in the intact hormone, was found to be
induced only under conditions such as high concentration, high temperature, and the presence of
nonmicellar sodium dodecyl sulfate concentrations. These findings support a protein folding
mechanism for the hCGb subunit in which an initial hydrophobic collapse, which increases
intermolecular interactions in hCGb, is needed to induce the H3-b hairpin formation. © 1999
John Wiley & Sons, Inc. Biopoly 50: 413–423, 1999
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INTRODUCTION
A misfolded b-subunit of the glycoprotein hormone
human chorionic gonadotropin (hCG) has been
thought to play a role in certain types of human
cancers, such as gynecologic malignancies, as well as
other diseases.1,2 Though it is unclear whether this

misfoldedb-subunit of the hCG hormone is a major
cause for these cancers, it has been found that a stable,
misfoldedb-subunit of hCG hormone is secreted from
the endoplasmic reticulum.2

Since hCG appears to have an effect on human
health, and that effect may arise from the (mis)fold of
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the protein, several structural analyses, as well as
studies relevant to the folding of theb-subunit of the
hCG hormone (hCGb), have been carried out in vivo
as well as in vitro.2–7 According to x-ray crystallo-
graphic studies from two different laboratories, hCGb
contains three hairpin-like fragments.8,9 Two of them,
H1-b and H3-b, are b-hairpins; whereas, the other
loop, H2-b, mainly consists of extended conforma-
tions resembling the polyproline II conformation. The
model for the kinetic folding pathway of hCGb has
been established based on the sequence of individual
disulfide bonds being formed.4,6 These data have been
interpreted as being consistent with initial formation
of the H1-b and H3-b loops (framework model of
folding)10 before hydrophobic collapse. These studies
have shown that the hCGb folding pathway appears to
be the same in vitro and in vivo, although the rate and
efficiency of folding is higher in vivo.4–7

To explore the intrinsic propensity for one of the
hairpins (H3-b) to form, the conformational proper-
ties of a peptide fragment derived from hCGb encom-
passing this structure is here reported as studied by
several spectroscopic methods: Fourier transform ir
spectroscopy (FTIR), electronic (uv) CD, and vibra-
tional (ir) CD (ECD and VCD). (Studies for the H1-b
and H2-b sequences are planned to be reported sep-
arately.) We used the peptide segment approach be-
cause it can potentially provide information about the
initial steps in protein folding, which can be difficult
to extract from studies of the whole protein and be-
cause, in several cases, conformational studies of de-
signed fragments from proteins have led to an under-
standing or an evaluation of mechanisms for such
aspects of protein folding.11–17

Different solvent systems have been used in vari-
ous peptide fragment studies to mimic the different
microscopic environments around the peptide se-
quence that might occur within the whole protein
during folding. Trifluoroethanol (TFE), which is
known as a helix promoter, is one of the solvents used
regularly to establish peptide structural propensities in
weaker hydrogen-bonding (reduced water activity)
environments.18 TFE is also known to stabilize iso-
lated b-hairpins11–13 and turn conformation in pep-
tides of specific sequences.19 On the other hand, so-
dium dodecyl sulfate (SDS) can be used to mimic
membrane environments in solution. It has been
shown that nonmicellar SDS concentrations in the
sample medium sometimes have the ability to bring
out any latent propensity of the peptides to form
b-structure.20,21 Furthermore, high temperature, high
sample concentration, and adjusting the pH closer to
the isoelectric point of the peptide favor the formation

of b-structure through the promotion of interstrand
interactions.21

As a tool to study the conformational changes
biological molecules undergo in solution and to study
the secondary structural types assumed in solution,
optical spectroscopic techniques have been used for
decades. Each spectroscopic technique has its own
advantages. Conventional ECD has the advantage of
requiring a relatively small amount of material and
measuring it at low concentrations, but has the disad-
vantage of requiring the interpretation of broad, fully
overlapped spectral bands. In addition, transitions
originating in the side chains can contribute to the
spectra and make the interpretation difficult.22 FTIR,
another commonly used spectroscopic technique for
secondary structure analysis, gives rise to multiple,
relatively resolved spectral bands whose frequencies
shift for different structural motifs.23–25 The disad-
vantages of FTIR are that all bands are the same sign
and yield very similar band shapes for different pep-
tides and proteins. Furthermore, the commonly used
frequency assignments for the specific secondary
structural types have been shown to be nonunique and
influenced by the environment, which can pose prob-
lems for peptide studies employing a variety of sol-
vents.25,26 Still, due to its very high signal to noise
ratio and the possibility of extraction of more precise
component information by applying resolution en-
hancement techniques,27 FTIR has been shown to be
a broadly useful technique in combination with other
spectral data, particularly for identifying the contribu-
tion of b-structure. The effective combination of CD
detection of ir transitions is termed vibrational CD
(VCD), which is the measurement of differential ab-
sorbance of left and right circularly polarized ir radi-
ation by fundamental vibrational modes of optically
active molecules.28 VCD also has the ability to dif-
ferentiate between the common secondary structures
that proteins and peptides assume in solution. Though
the VCD technique requires more sample and higher
concentrations as compared to ECD, it provides a
band shape dependence on secondary structure that is
affected only slightly by frequency shifts of the un-
derlying transitions.29–31 As a result, VCD has the
ability to distinguish among structures that are not
easily separated by FTIR or ECD, and is particularly
useful for following environmentally induced changes
in peptide conformation.23,32,33

In the present work we attempt to gain insight into
the earliest stages of hCGb protein folding by study-
ing the conformational preferences of a 28-residue
peptide corresponding to the H3-b hairpin in the
mature fully folded hormone. The peptide, prepared in
different solvent mixtures to mimic different micro-
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environments [H2O, TFE : H2O, and sodium dodecyl
sulfate (SDS) : H2O], was studied with ECD, FTIR,
and VCD spectroscopies. Concentration-dependent,
time-dependent, and temperature-dependent confor-
mational changes were taken into consideration.
Based on these results, a new, plausible, more detailed
folding mechanism step for H3-b hairpin is sug-
gested.

EXPERIMENTAL

The peptide RDVRFESIRLPGSPRGVNPVVSYAVALS
(hCGb60-87, with a C72S mutation to avoid problems with
random cross-linking, hereafter referred to as the H3 pep-
tide) was prepared by solid phase synthesis. The H3 peptide
was synthesized at Creighton University and characterized
and purified at the Eppley Institute (UNMC). (Details will
be published elsewhere.) The peptide was dissolved in var-
ious solvent mixtures and studied without further purifica-
tion.

Spectral grade trifluoroethanol (TFE) was obtained from
Aldrich and used without further purification. O-deuterated
TFE (TFE-OD) was prepared by mixing TFE with D2O
; 1 : 20 v/v, distilling the mixture, collecting deuterated
TFE-OD at the boiling point of TFE (78oC), and repeating
the procedure 2–3 times. SDS was purchased from Sigma-
Aldrich, and D2O was purchased from Cambridge Isotope
Laboratories.

ECD spectra of the peptide were recorded using a
JASCO model J-600 spectrometer, equipped with JASCO
Windows-based software. Fused quartz cylindrical and rect-

angular cells of various pathlengths, ranging from 50mm to
2 mm (from NSG Precision Cells), were used to contain
samples having varying degrees of dilution. To study highly
concentrated samples, the same samples as employed for ir
measurements were used, held in a round demountable cell,
composed of two CaF2 windows separated by a 25mm
teflon spacer. With such a variety of cells, peptide sample
concentrations ranging from 0.1 to 25 mg/mL could be
studied. Sample cell temperatures were controlled using a
standard JASCO variable temperature cell holder attached
to a Fisher Scientific Model 9100 water bath. All the ECD
spectra were measured over the 260–185 nm region except
for the highest concentration samples, for which the spec-
trum had to be terminated at 200 nm due to absorption-
induced low light levels (and consequent unreliable CD
measurements) in the far uv.

Sample solutions of the peptide with different TFE :
H2O ratios were prepared by diluting a 1.0 mg/mL stock
solution of the peptide in H2O with required amounts of
TFE and H2O to obtain a final concentration of 0.1 mg/mL.
ECD baselines obtained with the corresponding TFE : H2O
mixtures were subtracted from the sample spectra. The final
result was then corrected for concentration and path length,
and expressed in molar ellipticity, [Q], deg-cm2 dmol21,
units. Samples having a constant peptide concentration of
1.0 mg/mL were prepared with different SDS concentra-
tions by adding the required amount of solid SDS powder
directly to the peptide solution in the sample cell and
shaking vigorously to dissolve all the added SDS. The
sample cell was allowed to settle for; 10 min before
recording the ECD spectra. Since no significant change was
detected in the ECD baseline for the various amounts of
added SDS, the baseline obtained for pure H2O in the

FIGURE 1 Normalized ECD spectra obtained by TFE titration of the H3 peptide. All these
spectra were recorded with 0.1 mg/mL sample concentration in a 1 mmpath cell. Percentages of
TFE present in the sample medium are 0 [spectrum (1)], 10, 15, 20, 30, 40, 50, 70, and 90 [spectrum
(9)], respectively. Baselines obtained with just solvent having the same percentages of TFE in the
cell were subtracted from the corresponding sample spectra before expressing the result in molar
ellipticity units. Small ripples seen in the spectra are residual noise.
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relevant cells was subtracted from each of the sample spec-
tra measured in H2O : SDS mixtures.

Care was taken to clean the ECD cells thoroughly be-
tween experiments. In brief, the quartz cells were dipped in
chromic acid overnight, followed by continuous washing
with aliquots of distilled water until the pH of the washings
became neutral. The ECD spectra of the cleaned cells with
just H2O were recorded to make sure no residual peptide
was present .

The ir absorption spectra were recorded, over the whole
mid ir region, with a Digilab FTS-60A FTIR spectrometer
equipped with a TGS detector. The spectra are of 4 cm21

nominal resolution obtained by averaging 1024 scans. The ir
samples were prepared by directly dissolving the peptide in
the required amount of the solvent or the solvent mixtures in
small vials and transferring them immediately to a demount-
able cell consisting of CaF2 windows separated by a 25m
teflon spacer. In the case of samples in D2O : SDS mixtures,
the peptide was dissolved in D2O in a vial, then the required
amount of SDS was added as a solid powder and a Vortexer
was used to speed dissolution of all the SDS powder added.
These samples were immediately transferred to the de-
mountable cell for the measurements. All the ir spectra
measured were corrected for background absorbance (sol-
vent as well as water vapor). Resolution enhanced spectra
were obtained by applying Fourier self-deconvolution

(FSD)34,35 using software incorporated in the spectral ma-
nipulation program package GRAMS-32 (Galactic Inc.,
Nashua, NH). Modestly deconvolved spectra (using param-
eters34 in the captions) were rescaled to a peak amide I9
absorbance of 1.0 and curvefit by 4–6 component bands as
required, again using a GRAMS routine.

VCD and low resolution ir absorption spectra were mea-
sured using the UIC dispersive spectrometer, whose design
and use has been described thoroughly in the literature,28,36

on the same samples contained in the same cells used for ir
measurements. All the VCD spectra are the average of four
scans from which the averaged baseline spectra were sub-
tracted. The results were then rescaled to a dispersive amide
I9 absorbance of 1.0.

RESULTS

TFE : H2O Mixed Solvent Studies

ECD spectra recorded with lower concentrations [0.1
mg/mL, 3.13 1025 M (in peptide )] of the isolated
H3 peptide in TFE : H2O mixtures suggest a shifting
of the equilibrium between unordered and partially
helical conformations as the fraction of TFE is in-

FIGURE 2 Deconvolved FTIR absorption spectra (left) of amide I9 band of the H3 peptide in pure
D2O (bottom), in 30% TFE-OD : D2O mixture (middle), and in 50% TFE-OD : D2O (top). For each
sample, the concentration was 50 mg/mL and the path length was 25m. All three absorbance spectra
were deconvolved usingg 5 12 and a filter function of 68%. The fitted trace (dotted line) as well
as the component bands are given. VCD spectra (right) were measured for the same samples used
to record ir spectra, and these spectra were rescaled to a peak amide I absorbance of 1.0 using the
dispersive ir spectra (not shown).
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creased (Figure 1). ECD spectra obtained of the H3
peptide in pure water have a broad negative band at
;197 nm indicating a mostly unordered conforma-
tion. On the other hand, the spectra obtained with
higher percentages of TFE are typical of partially
helical peptides18 featuring a positive band at 195 nm
and two overlapping negative bands at 208 nm and
222 nm, the latter being less intense. The near isodi-
chroic behavior of the spectra with increase in per-
centage of TFE indicates the dominance of two con-
formational states with the population of residues in a
partially helical conformation increasing with increas-
ing TFE and plateauing above;50% TFE, beyond
which little increase in the intensity of the spectra is
seen.

FTIR spectra (Figure 2, left, bottom) of the peptide
at higher sample concentrations (50 mg/mL) in D2O
indicate that extended conformations such as coil and
b-strand dominate the spectra as indicated by compo-
nents with frequencies around 1644 and 1620 cm21,
respectively. The VCD spectrum of the sample ob-
tained in pure D2O (Figure 2, right, bottom) is typical
of a “random coil” peptide (containing a significant
fraction of locally extended left-hand helical struc-
ture) featuring a negatively biased negative couplet
over the amide I9 region.37,38 The VCD spectrum is
not consistent with that of an aggregated peptide in an
antiparallel b-structure, which would yield two
widely separated, weak negative bands.39,40However,
this VCD “coil” spectrum is not readily distinguished
from shortb-strands such as those found in globular
proteins that are, after all, extended structures such as
have been proposed for the coil.37,41

By contrast, the H3 peptide VCD spectra in TFE :
D2O mixtures have distinct band shape and intensity
changes from the D2O result. In 30% TFE-OD and
50% TFE-OD, the peptide VCD has two negative
minima at;1630 and;1670 cm21 (Figure 2, right),
and the spectral band intensity is half as small in 30%

TFE-OD than in pure D2O. An a-helical component
would create a contribution to the VCD spectrum that
would partially cancel the sheet/coil contribution to
the spectrum, making the overall intensity weaker and
leading to the negative VCD band seen at 1670
cm21.23,29 A small but detectable change in the H3
peptide VCD spectra is seen when the solvent is
changed from 30% TFE-OD to 50% TFE-OD. The
decrease in negative intensity at;1630 cm21 with an
increase in intensity at;1670 cm21 indicates an
increase in the fraction of helical residues in the
peptide when going from 30% to 50% TFE-OD.
These results are consistent with the ECD results
obtained for lower peptide concentrations.

As seen in the curve-fit FSD-FTIR spectra, when
TFE is added, the intensity as well as the area of the
ir band at; 1620 cm21 corresponding to theb-struc-
ture decreases and shifts to a lower frequency; 1609
cm21 (Figure 2, left, and Table I). This result is
clearer in terms of the ratio of band areas correspond-
ing to a-helix/coil andb-structures (Table I). How-
ever, the changes in the other ir bands are more subtle.
[Note that the 1672 cm21 band is due to a trifluoro
acetic acid (TFA) impurity resulting from the solid
phase synthesis procedure,23,25,33,42and there is no
frequency shift of the main amide I9 band (1644
cm21) observed with increasing % of TFE in the
medium (Table I).]

Temperature-dependent conformational changes of
the peptide were studied in pure H2O as well as in
30% TFE. ECD spectra of the isolated peptide in H2O
at both 3.5 and 0.1 mg/mL concentrations feature a
negative band around 197 nm, implying that a major-
ity of the amino acid residues within the peptide adopt
an unordered (random coil) conformation at lower
temperatures (Figure 3). With increasing temperature,
the 197 nm band decreases in intensity, while a broad
band of negative intensity grows in at;220 nm.
While simple loss of intensity might correlate with

Table I Frequencies and Areas of the Amide I* Band Components for the H3 Peptide in Different Solvent Systems
and Concentrations

Concentration
(mg/mL) Solvent

Frequency ofa
and/or Unordered Band

(cm21)

Frequency of
b Band
(cm21)

Ratio of Band
Areas

(a/Unordered):b

50 D2O 1644 1620 2.3 : 1
50 30% TFE-OD in D2O 1644 1619 4 : 1
50 50% TFE-OD in D2O 1645 1612 5 : 1
13.7 D2O 1645 1612 4 : 1
13.7 3 mM SDS in D2O 1643 1620 1.8 : 1
13.7 58.6 mM SDS in D2O 1651 1608 8 : 1
30 250 mM SDS in D2O 1651 1607 6 : 1
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loss of local order, this ECD pattern could indicate
formation of either a mixed coil–b-structure or a
mixed coil–partiala-helical conformation at higher
temperatures. The higher concentration (3.5 mg/mL)
results indicate a weak negative shoulder at 220 nm,
even at 8°C, which grows more slowly with temper-
ature so that the 72°C spectra are similar to, though a
bit more intense than, the high temperature 0.1 mM
spectra.

Temperature-dependent, low concentration (0.1
mg/mL) ECD spectra recorded in 30% TFE (Figure 4)
show a steady loss in intensity of all bands. This
pattern is consistent with a loss ofa-helical fraction at
high temperatures, as would be expected. These TFE
:H2O results help overcome any ambiguity in the pure
H2O solution ECD results presented above and con-
firm that the peptide adopts a mixed coil/b-strand
conformation in water at high temperature.

From the analyses of all VCD, ir, and ECD data
discussed above, the highest fraction of residues
present in ab-structure is seen in pure water. Also, it
appears from comparison of the ECD and FTIR stud-
ies with different peptide concentrations that the frac-
tion of b-structure present in water increases with
increases in peptide concentration.

SDS : Peptide Mixed Solution Studies

ECD spectra of the peptide at a relatively high con-
centration (1.0 mg/mL) in water shows a large re-
sponse to low amounts of added SDS such that the
peptide adopts ab-structure in the presence of non-
micellar SDS concentrations (Figure 5), but becomes
partially helical when the SDS concentration is in-
creased above the critical micellar level, 8.2 mM.
However, on standing, the ECD spectra of a solution
of 1.1 mg/mL peptide in 6.0 mM SDS changes within
one week to a more intenseb-like signature, which is
probably indicative of an increase in ordered structure
(Figure 6).

In this case, it is important to note that the method
of preparing the sample can affect the results. In
detail, addition of solid SDS powder to an already-
prepared peptide solution gives rise to only slightly
turbid homogeneous solutions in the above experi-
ment for which the results are fully reproducible. On
the other hand, if the peptide is added to the already
prepared SDS solution, it precipitates out within 10
min, leading to a very weak ECD signal, which is not
reproducible. Mixing of two solutions of the peptide
and SDS separately dissolved in D2O leads to a situ-

FIGURE 3 Temperature-dependent ECD spectral
changes of the peptide in doubly distilled water studied with
3.5 mg/mL (top) and with 0.1 mg/mL (bottom) peptide
concentrations. The measurements were carried within
8–72°C temperature range and are presented as 8°C (solid
lines), 25°C (dotted lines), 42°C (dashed lines), and 72°C
(dot-dashed lines), respectively. Cells of 0.05 and 1 mm
pathlengths were used for high and low concentration mea-
surements, respectively. Baselines obtained for these cells
with doubly distilled water at 25oC were subtracted from
each sample spectrum before expressing them in molar
ellipticity units.

FIGURE 4 Temperature-dependent ECD spectra of the
H3 peptide observed for a 30% TFE : H2O solvent mixture
at 8, 25, and 72°C. The peptide concentration was 0.1 mg
/mL and the path length was 1 mm. The ECD baseline
obtained for a 30% TFE : H2O mixture measured at 25°C
was substracted from all three sample spectra before ex-
pressing them in molar ellipticity units.
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ation similar to the latter case. Presumably this relates
to previous observations of the SDS : peptide complex
formation which occur at a constant molar ratio.43

To explore the concentration dependence of the
SDS : peptide mixtures, ECD spectral results for more
dilute samples, having 0.11 mg/mL peptide in 6.0 mM
SDS or in 0.6 mM SDS, were prepared by tenfold
rapid dilution of the peptide (1.1 mg/mL in 6.0 mM
SDS) in either 6.0 mM SDS or water, respectively.
The conformation of the dilute sample in 6.0 mM SDS
changes from a partialb-structure to a partial helical

conformation within a short period of time (;1 h;
Figure 7) and maintains that same conformation over
a period of three weeks (spectra not shown). On the
other hand, the dilute sample in 0.6 mM SDS stays in
a b-like conformation over a period of three weeks
from preparation, although there is some variation in
intensity (results not shown).

FTIR spectroscopic measurements carried out on
the H3 peptide (13.7 mg/mL concentration) in D2O
for various D2O : SDS concentrations are shown in
Figure 8. The spectrum recorded in D2O indicates the

FIGURE 5 Evidence of a conformational change as observed in the ECD of the H3 peptide with
increase in SDS concentration. For all samples, the concentration of the peptide was 1.0 mg/mL and
the path length was 0.05 mm. Concentrations of SDS used are (1) 0.0 mM, (2) 3.5 mM, (3) 6.9 mM,
(4) 10.4 mM, (5) 13.9 mM, (6) 17.3 mM, and (7) 69.4 mM. A baseline obtained with H2O in the cell
was subtracted from all sample spectra before expressing them in molar ellipticity units.

FIGURE 6 Time-dependent normalized ECD spectra of 1.1 mg/mL H3 peptide in 6.0 mM SDS
in H2O recorded in a 0.05 mm path cell. Spectra were recorded for a freshly prepared sample and
at 2 h, 3 days, 6 days, 7 days, and 10 days after the preparation of the sample. The spectra show an
overall spectral intensity increase with time. The baseline of freshly prepared 6 mM SDS was
subtracted from all sample spectra before expressing them in molar ellipticity units.
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presence of only a relatively small amount ofb-struc-
ture, as much as 50% less when compared to the 50
mg/mL peptide sample in D2O (Figure 2, left, bottom
and Table I). In addition, the position of theb-struc-
ture band shifts from 1620 to 1612 cm21 when going
to more dilute solution (Table I). In the presence of 3
mM SDS concentration, the 1620 cm21 band corre-

sponding tob-structure increases compared to pure
D2O (Figure 8, middle, and Table I). Due to the
extreme turbidity of the sample, it was impossible to
measure spectra of other samples prepared for a range
of SDS concentrations between 6 and 30 mM. How-
ever, the peptide solution became very clear again in
the presence of very high concentrations of SDS, and

FIGURE 7 Time-dependent ECD spectroscopic studies carried out using 0.11 mg/mL peptide in
6 mM SDS for the freshly prepared sample (solid line) and after 1 h (dotted line). The measurements
taken up to 19 days later, are identical to the dotted line spectrum. The sample was prepared by
tenfold rapid dilution of the 1.1 mg/mL peptide in 6 mM SDS using 6.0 mM SDS.

FIGURE 8 FSD-FTIR absorption spectra of the H3 peptide in the amide I9 region in the presence
of different amounts of SDS : pure D2O (bottom), 3 mM SDS in D2O (middle) and 8.4 mM SDS
in D2O (top). The sample concentration in all three experiments was 13.7 mg/mL and the pathlength
of the cell was 25m. FSD usedg 5 10 and the filter function5 80%. The curvefit trace (dotted line)
as well as the component bands are given. The band at; 1673 cm21 is due to residual TFA from
the synthesis.
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the spectrum recorded in 58.4 mM SDS indicates loss
of this b-structure (decrease of the 1608 cm21 fea-
ture) and is consistent with adoption of a partially
helical conformation (shift of the broad amide band to
1651 cm21, Figure 8, top spectrum and Table I).
These interpretations were confirmed by parallel ECD
experiments carried out in the same ir sample cells
with the same samples as used for ir measurements
just before the measurement of the ir spectra. These
high concentration ECD results show typical partial
helical pattern for the 58.4 mM SDS sample and
mixed coil–b -structure pattern for the D2O and 3 mM
SDS samples (results not shown).

Additional experiments were carried out using a
higher peptide sample concentration (30 mg/mL) in
250 mM SDS/D2O to determine the sample confor-
mation in this environment, expecially using VCD
(Figure 9). Both methods (FTIR and VCD) indicate
the presence of a substantial fraction of helix under
these conditions (Table I). In fact, the VCD pattern,
though noisy, is indicative of more helix formation
than under the 50% TFE conditions (Figure 2).

DISCUSSION

As might be expected, the H3 peptide studied in
aqueous solution gives spectra characteristic of a ran-
dom coil. By contrast,b-structure formation in aque-
ous solution, which would be indicative of there being
an intrinsic stability of a hairpin conformation, was
only possible in limited circumstances that, in general,
correlate to aggregate formation, such as high con-
centration and high temperature.

However, very interesting results relevant to con-
formational changes of this peptide were obtained in
various SDS-containing environments. The H3 pep-
tide forms ab-structure at both high (1.0 mg/mL) and
low (0.1 mg/mL) concentrations in submicellar SDS
solutions (according to ECD results). This suggests
that SDS-inducedb-formation, by contrast, is not due
to intermolecular peptide aggregation but rather could
be due to intramolecularb-strand formation. The red
shift of the minimum seen in the ECD spectra of the
peptide in nonmicellar SDS environments, as com-
pared to what is expected for a conventionalb-struc-
ture, suggests the presence of a significant fraction of
b-turn, together with theb-stranded structure.44 So, if
correct, the interaction is self stabilizing, like a hair-
pin, rather than aggregating.

Stabilization of ab-strand in the of H3 peptide in
the presence of submicellar SDS (as seen in ECD and
ir experiments) might result from the positively
charged amino acid residues of the peptide attracting
the negatively charged SDS head group whereas the
nonpolar SDS tail could interact with the less polar
side groups of the peptide. This might mimic what
could happen in the folded protein resulting in stabi-
lization of theb-hairpin for this sequence in the native
state.

The cases where SDS promoted partiala–helical
structure of the H3 peptide might be due to a com-
pletely different type of interaction than those pro-
moting b-structure. Since the micellar SDS disper-
sions are in a metastable or colloidally stable state,
depending on the conditions, it is possible to form
different types of micelles45 of the appropriate shape
to promote the partiala-helical conformation of the
peptide. Since this helical formation is dependent on
the peptide : SDS ratio, a specific binding mechanism
is probably required. Helical wheel projections of this
sequence do not suggest an obvious binding site.

This interpretation is not general, but is specifically
related to the peptide sequence we have studied, since
different peptides interact with SDS differently. For
instance, ir results for six apolipoprotein fragments in
SDS/D2O environments suggest that two of the pep-
tides were bound to SDS relatively weakly in com-

FIGURE 9 FSD-FTIR absorbance (bottom) and corre-
sponding VCD (top) spectra of H3 peptide in the presence
of 250 mM SDS in D2O. The peptide concentration was 30
mg/mL and the pathlength of the cell was 25m. As in Fig. 2,
the deconvolved spectrum was curvefit using four bands.
[Fitted trace (dotted line) and the component bands are
given.] The VCD spectrum was rescaled to A5 1.0 for the
dispersive amide I9 peak absorbance.
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parison to the other four.46 This conclusion was sup-
ported by temperature-dependent experiments. In an-
other nmr study, the 22-residue synthetic peptide
corresponding to the amino terminus of human per-
forin, in the presence of SDS micelles, adopts a hook-
like structure.47 By forming a turn, the positively
charged residues of this peptide were oriented to form
a binding surface for the negatively charged sulfate
groups of SDS.

Although it is generally accepted that nonmicellar
SDS concentrations (below 8.2 mM) promoteb-struc-
ture in some peptides, while micellar SDS concentra-
tions bring outa-helical conformations,20,21 the H3
peptide is more complex. The concentration of SDS
that favorsa- or b-structure is more variable, mainly
depending on the peptide to SDS molecular ratio and
not solely on the SDS concentration itself. Our mea-
surements have illustrated cases where nonmicellar
SDS concentrations promoteda- (ECD results) as
well asb-structure (ECD and ir results) in the peptide
and also where micellar SDS concentrations promoted
a–helical conformation (ECD, ir, and VCD) in the
peptide.

Reducing the water activity by adding TFE does
not lead tob-hairpin formation in the H3 peptide but
rather to helix-containing structures. It is important to
note that high SDS concentrations (from 6 to 250 mM
in this study) promote a partial helical conformation
in the H3 peptide depending on its concentration. The
peptide’s ability to adopt a partial helical conforma-
tion in TFE as well as in SDS environments suggests
some propensity for a partial helical conformation. On
the other hand, the ability of this peptide to form a
b-structure in restricted SDS environments as well as
in the native protein suggests it also has a propensity
to form ab-structure provided there exists a specific
environmental constraint. The matrix that might form
during a hydrophobic collapse could be the key to the
H3-b hairpin formation during the hCGb protein fold-
ing. These results reveal the importance of the micro
environment in bringing out certain secondary struc-
tural elements.

Summary

In model peptide studies, stable hairpin formation in
an aqueous environment would suggest the folding of
the fragment of interest in the native protein should
occur in the early stages of protein folding.48 But in
the case of the H3 peptide, all the results suggest that
the peptide can form ab-hairpin structure, its native
protein conformation, only under particular hydro-
phobic environments. Very low concentration ECD
results (0.1 mg/mL peptide), as well as high concen-

tration ir and VCD results (up to 50 mg/mL peptide),
are in strong agreement in this respect for all the
experiments carried out.

Our results suggest that the formation of the H3-b
hairpin in the hCGb folding process probably occurs
after the hydrophobic collapse, when the solvent is
excluded and the hydrophobic core of hCGb is
formed. By contrast, previous nmr structural studies
of the long loop of the hCGb subunit (H2-b) have
shown it to have native-like polyproline II structural
motifs in aqueous environments. Our findings for the
H3 peptide conformations using optical spectroscopy
are consistent with an nmr analysis now being carried
out, which will be published separately (S. Sherman,
et al.).
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