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Determination of Local Conformational Stability in Fragment 96-133 of Bovine
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ABSTRACT: The specific assignment of resonances in the 400-MHz nuclear magnetic resonance (NMR)
spectrum of fragment 96—133 (AII) of bovine growth hormone (bSt) is described. Assignments have been
made with homonuclear two-dimensional techniques, in particular that of sequential resonance assignment.
Complete assignments were possible for the spin systems of 16 residues out of a total of 38 and partial
assignments for another 5. Assignment of resonances to either residue type or a class of residue was possible
for a number of other spin systems. Analysis of the type of nuclear Overhauser effect (NOE) indicates
that segments 96—110 and 130-133 are nonregular stable structures and that the segment 111-127, which
putatively spans the a-helix, is not sufficiently stable to generate NOEs.

I)ituitary bovine growth hormone (bSt) is a globular protein
consisting of 191 amino acids. Partial tryptic digestion of bSt
yields a fragment, AIl (residues 96-133), which retains
measurable biological activity (Sonenberg et al., 1968; Ya-
masaki et al., 1975). The primary sequence of the peptide AIl
is shown in Figure 1. On the basis of the primary sequence
of intact bSt, Chou-Fasman predictions (Chou & Fasman,
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1974a,b) find a helical region in the segment 111-127 and
B-sheet structure in the pentapeptide 101-105. AII encom-
passes both these regions, and indeed, circular dichroism
studies show that at pH 4 AII is composed of 32% helix and
10% B-sheet, which decreases to 7% helix and 6% G-sheet at
pH 9 (Chen & Sonenberg, 1977). The helical content of AII
has also been found to be concentration, pH, and ionic strength
dependent (Brems et al., unpublished results).

Fragments derived from helical regions of intact protein are
generally devoid of any ordered structure leading to the con-
clusion that tertiary interactions are necessary to stabilize the

© 1988 American Chemical Society
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96 100 105
Val-Phe-Thr-Asn-Ser-Leu-Val-Phe-Gly-Thr-

110 115
Ser-Asp-Arg-Val-Tyr-Glu-Lys-Leu-Lys-Asp-

120 125
Leu-Glu- Glu-Gly- Ile- Leu- Ala-Leu-Met-Arg-

130 133
Glu-Leu-Glu-Asp-Gly-Thr- Pro-Arg

FIGURE 1: Amino acid sequence of fragment 96-133 (AII) of bSt
(Graf & Li, 1974).

helix. A reported exception is the S peptide helix from ribo-
nuclease S (Brown & Klee, 1971; Kim & Baldwin, 1984;
Shoemaker et al., 1985). Low temperatures, however, are
necessary to promote helix formation, and a 'H NMR study
at room temperature indicated that the S peptide did not show
a preferred conformation exhibiting ordered structure (Rico
et al., 1983; Gallego et al., 1983). An interesting study showed
a number of amide protons of S peptide had significantly
reduced exchange rates when the S peptide was bound to the
S protein, indicating that interactions between residues of the
S peptide and the S protein stabilized the S peptide confor-
mation (Kuwajima & Baldwin, 1983).

Although linear peptide fragments have not shown stable
helix, a stable reverse turn in a nonapeptide from hemagglutin
has been observed (Dyson et al., 1985) suggesting that this
structural facet may not require interactions between other
parts of the protein to maintain stability. Recently, the Q-loop,
a type of nonregular structure common in many proteins, has
been characterized as a compact stable substructure which may
fold independently of the parent protein (Leszczynski & Rose,
1986). These loops are generally found on the surface of
proteins where they may play essential roles in molecular
recognition and biological activity.

There are no reports specifying the details of the helix of
ATl observed by circular dichroism, and for this reason we
initiated a '"H NMR study at 400 MHz of All in solution. In
the course of our study we have observed a stable Q-loop
spanning residues 100—-110. Here we present the assignments
of the proton resonances of the residues in the peptide segments
96110 and 130-133.

MATERIALS AND METHODS

The fragment 96—133 (AII) was obtained by partial tryptic
digestion and isolated as described by Graf and Li (1974). The
purity of AIl was determined by the criteria of a single com-
ponent by high-performance liquid chromatography (HPLC)
reverse-phase chromatography (Brems et al., 1985) and po-
lyacrylamide electrophoresis (Swank & Munkres, 1971).

Peptide samples were prepared by dissolving fresh peptide
in either 2H,O or H,O and adjusting the pH with small
amounts of dilute deuteriated or nondeuteriated HC! and
NaOH as required. Reported pH values are pH meter
readings uncorrected for isotope effects. To minimize accu-
mulation of salt and paramagnetic metal ions, peptide samples
were regularly freeze-dried and chromatographed in distilled
water on Sephadex G-10 columns.

'"H NMR spectra were recorded at 400 MHz on a Bruker
AM-400 or a Varian XL-400 spectrometer; 5-mm outer di-
ameter spinning sample tubes (Wilmad Glass Co., 528-PP or
507-PP grade) were used. Typical one-dimensional spectral
acquisition parameters were as follows: spectral width 4000
Hz, 90° radio-frequency pulse, 1.0-s delay between transients,
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FIGURE 2: The 400-MHz 'H NMR spectrum of 2 mM All in 2H,0,
pH 3.1 at 25 °C. Spectral parameters are described under Materials

and Methods. The resonance at 2.2 ppm is acetate, at 3.75 ppm
dioxane, and at 4.7 ppm residual water.

16384 time-domain addresses. Prior to Fourier transformation
the spectra were multiplied by a Lorentz-Gauss window
function and zero-filled to 32768 addresses. Chemical shifts
are expressed in ppm downfield from 4,4-dimethyl-4-silapen-
tane-1-sulfonate but were measured from a trace of internal
dioxane at 3.751 ppm.

Two dimensional double quantum filtered phase-sensitive
homonuclear correlated (DQF-COSY) spectra were recorded
with the pulse sequence 7,—90°-1,~90°-A-90°-¢, (Rance et
al., 1983), where ¢, and ¢, are the evolution and detection
periods, respectively. Two-dimensional phase-sensitive nuclear
Overhauser enhancement (NOESY) spectra were recorded
with the pulse sequence 7,—90°—¢,-90°—7,-90°—¢, (Jeener et
al., 1979), where 7, is the mixing period, usually 200 ms.
Experiments acquired on the Bruker AM-400 used the time
proportional phase incrementation scheme (Redfield & Kunz,
1975; Marion & Wiithrich, 1983), and experiments acquired
on the Varian XL-400 used the hypercomplex scheme (States
et al., 1982). Experiments were recorded with quadrature
detection in both directions; at least 256 ¢, values were acquired
for DQF-COSY and NOESY spectra and with each free
induction decay consisting of 2048 data addresses. For both
2H,0 and H,0 experiments the spectral width was 4000 Hz
in both dimensions. The water resonance was suppressed by
low-power irradiation at all times except during acquisition.
Prior to Fourier transformation the data were multiplied by
a phase-shifted sine bell function in the ¢, domain and a
phase-shifted sine squared bell function in the ¢, domain and
zero filled to 4096 (¢,) and 1024 (z;) data addresses.

RESULTS

Aromatic Region. Figure 2 shows a one-dimensional
spectrum of 2 mM AIl in ?H,0 at pH 3.1 and 25 °C. The
aromatic region consists of a complex multiplet at 7.2 ppm
and two doublets at 6.99 and 6.78 ppm. The multiplet is
assigned to the ring protons of Phe-97 and -103. The doublet
at 6.99 ppm (Joune = 7.3 Hz) is assigned to the H-2,6 protons
and the doublet at 6.78 ppm (Jp, = 7.0 Hz) to the H-3,5
protons of Tyr-110, the only Tyr in AIIl. The chemical shifts
and coupling constants for these resonances are similar to those
for Phe and Tyr in small peptides (Bundi & Wiithrich, 1979).

Short-range NOEs between the ring protons nearest the
peptide backbone and the 3-protons can be used to assign the
H? resonances of the aromatic residues (Billeter et al., 1982).
In Figure 3B each Phe ring system of AII shows NOEs to only
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FIGURE 3: Contour plots of homonuclear 2D spectra of 8 mM AII in 2H,0, pH 3.1 at 25 °C. (A) The aliphatic region of a DQF-COSY
spectrum showing J connectivities for the complete spin systems of Val-96, Phe-97, Val-102, Phe-103, Ala-122, and Thr-131. The H*-H?,
couplings of Leu-101 are also indicated. (B) The spectral region from a NOESY spectrum showing NOEs from the ring systems of Phe-97,
Phe-103, and Tyr-110 to aliphatic protons. NOE connectivities are indicated from the H-2,6 of Phe-103 to its H* and both H? and from the
H-2,6 of Phe-97 to one H?. Long-range NOEs from the Tyr ring protons to the H? of Ser-100 and Phe-103 and the H® of Asp-107 are shown.

one AMX (H*-H?2) spin system. One Phe shows intense
NOBEs to two H? and to one H* proton while the other Phe
shows an NOE to one H? proton. No other NOEs are ob-
served from the ring protons of the Phe residues. The H? and
the H? resonances of the first Phe show J connectivities to each
other in DQF-COSY spectra (Figure 3A). The H? resonance
of the second Phe shows a J connectivity to an H” resonance,
but no other couplings are observed from this H*, suggesting

that the two H? protons are equivalent. In Figure 3B and
H-2,6 and H-3,5 of Tyr-110 show many NOEs to various
protons; however, as both sets of ring protons show NOEs to
the same H? protons at 3.88, 3.16, and 3.00 ppm we cannot
assign these resonances to the H? of Tyr-110. In fact, the
resonance at 3.88 ppm is assigned to the H? of Ser-100, and
the resonance at 3.16 and 3.00 ppm are assigned to the H?
of Phe-103 (see sequential assignments below). The H-2,6
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Table I: Specific Assignment (ppm) of Resonances of AII*

residue NH H*® H? other sequential NOE residue NH H* H? other sequential NOE
Val-96 3.77 217 HY,0.99 H<* Val-96-NH Ser-106 8.40 4.36 3.98,3.88 H® Ser-106-NH Asp-107
Phe-97 Asp-107 8.44 4.60 2.83
HY; 098 Hf Val-96-NH Arg-108
Phe-97 Val-109* 7.88 3.60 2.13 HY; 0.84
Phe-97 8.73 4.80 3.07 H-2,6 7.24 H* Phe-97-NH HY; 0.94
Thr-98 Tyr-110 H-2,6 6.99
H? Phe-97-NH H-3,56.78
Thr-98 Glu-111
Thr-98 8.13 4.28 4.13 H7; 1.13  H* Thr-98-NH Lys-112
Asn-99 Leu-113
H? Thr-98-NH Lys-114
Asn-99 Asp-115
Asn-99 8.31 4.68 2.84,2.73 NH’7.61 H* Asn-99-NH Leu-116
Ser-100 Glu-117
NH? 6.91 H? Asn-99-NH Glu-118
Ser-100 Gly-119 3.86, 3.73
Ser-100 8.24 4.40 3.88, 3.81 H® Ser-100-NH Tle-120 H~ 0.93
Leu-101 H~ 1.67
Leu-101 8.21 435 162 H”, 1.57 NH Leu-101-NH H?, 0.69
Val-102 Leu-121
H?; 0.81 H* Leu-101-NH Ala-122° 7.98 4.10 1.53
Val-102 Leu-123
H?, 0.87 Met-124 He¢ 1.75
Val-102 7.86 4.03 193 HY; 0.86 H* Val-102-NH Arg-125
Phe-103 Glu-126
H7; 0.80 Leu-127
Phe-103 8.22 4.65 3.16, 3.00 H-2,6 7.22 H* Phe-103-NH Glu-128
Gly-104 Asp-129
H# Phe-103-NH Gly-130 8.07 3.97 H* Gly-130~NH Thr-131
Gly-104 Thr-131° 7.93 4.59 4.12 H7; 1.23  H* Thr-131-H? Pro-132
Gly-104 831 3.98 He Gly-104-NH Pro-132 4.36 2.24,193 H";1.93  H® Pro-132-NH Arg-133
Thr-105 H? 3.82
Thr-105 8.06 4.25 4.30 Hv; 1.18  He Thr-105-NH H! 3.67
Ser-106 Arg-133 8.16 4.22 1.87, 1.71

4Solution conditions were 8 mM, pH 3.1, and 25 °C. ®Observed at 45 °C.

system is NH 8.54, H* 4.64, H? 4.12, and H" 1.27 ppm.

“Thr-131 is split into two spin systems (see text). The second spin

protons show an NOE to an H* proton at 4.62 ppm but not
to the H? proton at 2.83 ppm to which it is coupled, and indeed,
this spin system is sequentially assigned to Asp-107. These
long-range NOEs will be discussed below.

Methyl Region. All contains 24 methyl groups from
Val-96, -102, and -109, Thr-98, -105, and -131, Leu-101, -113,
-116, -121, -123, and -127, 1le-120, Ala-122, and Met-124.
In Figure 2 the H¢; of Met-124 resonates as a singlet at 1.75
ppm, 0.4 ppm upfield of its random coil position, and the Thr
and Ala resonances occur between 1.2 and 1.6 ppm while the
remaining 19 methyls resonate between 0.6 and 1.0 ppm.

The He, H?, and H; couplings of two Thr can be easily
assigned in DQF-COSY spectra (Figure 3A). Only the H”,
to Hf of the third Thr is observed, suggesting that the H* and
H? chemical shifts are coincident, but as this coupling and the
H¢ to H?; coupling of Ala-122 are identical in appearance in
these DQF-COSY spectra, we cannot unambiguously assign
the two systems (Neuhaus et al., 1985). However, the doublet
at 1.53 ppm has a coupling constant of 7.5 Hz whereas the
doublet at 1.18 ppm has a coupling constant of 5.5 Hz. The
first doublet is close to the chemical shift and J,4 of the methyl
of Ala residues in small peptides, viz., 1.4 ppm and 7.0 Hz,
whereas the second doublet is nearer the chemical shift and
Jay of the methyl of Thr residues in small peptides, viz., 1.2
ppm and 6.3 Hz (Bundi & Wiithrich, 1979). In addition to
the three Thr systems, a fourth spin system with resonances
at 4.65, 4.12, and 1.28 ppm can be observed. These chemical
shifts are very similar to those of the Thr with resonances at
4.59, 4.12, and 1.23 ppm (respectively H*, H?, and HY;). This
latter Thr is assigned by sequential assignments to Thr-131
(see below), and we believe the additional Thr system is due
to the presence of both cis- and trans-Pro-132.

The assignment of the H%, H?, and (H";), of two Val sys-
tems is readily achieved in DQF-COSY spectra at 25 °C
(Figure 3A) while the third Val system could only be observed
at higher temperatures (45 °C). The connectivities between
the two H?, methyls and the yH of one Leu is clearly estab-
lished in DQF-COSY spectra (Figure 3A). Linking this
system to the H? resonances is generally not possible in COSY
spectra because the H and H? resonances overlap. However,
the H®-H5, group can be connected to the H*—(H?,), by NOEs
between an H* at 4.35 ppm and both H%;. As the remaining
12 methyl resonances overlap, only partial assignments of two
other Leu residues are possible (see Table 11), although one
of these assignments may be the H7; of Ile-120. The H?; of
Ile-120 resonates at 0.69 ppm and shows connectivities to the
two yH resonances at 0.93 and 1.67 ppm.

Other Residues. Only one of the three Gly residues in AIl
has sufficiently resolved H* resonances at 3.73 and 3.86 ppm.
The H resonances of each of the other two Gly spin systems
have almost coincident chemical shifts, but these systems are
assigned by the technique of sequential assignment (see below).

Excluding aromatic residues, there are six AMX spin sys-
tems, three Asp, two Ser, and one Asn, remaining to be as-
signed. Eight spin systems have been resolved that can be
assigned to these residues. The additional spin systems lend
credence to the possibility that Pro-132 exists in both cis and
trans forms, and this is being further examined by '’*C NMR
spectroscopy (Deslauriers et al., 1972).

The remaining spin systems of Glu, Met, Arg, and Lys are
difficult to assign due to resonance complexity and their
characteristic weak cross-peaks. However, partial assignment
of several of these systems is possible, and the data are included
in Table II. Three H", connectivities are assigned to Glu
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residues as these resonances show pH dependence in DQF-
COSY spectra recorded at pH 2.6, 3.1, and 3.6 in H,O. Due
to resonance broadening the pH dependence of only one of
these resonances could be followed in 1D spectra and was
characterized by a pK, value of 4.22 £ 0.20, typical of Glu
residues (Keim et al., 1973; Bundi & Wiithrich, 1979). One
set of these HY, resonances, assigned to the Glu residues, may
belong to Met-124 and could be sensing the titration of a
nearby carboxylate, but as the H¢; of Met-124 shows little pH
dependence below pH 4 the assignments are consistent with
Glu. A fourth HY, multiplet is only observed in the DQF-
COSY recorded at pH 3.1 in H,0, and hence, its pH de-
pendence could not be derived. A likely assignment of this
multiplet is either a fourth Glu or Met-124. The H* resonance
at 4.22 ppm, coupled to H? resonances at 1.87 and 1.71 ppm,
shows a pH dependence different to that of the above three
H”, multiplets titrating with a lower pK,. This spin system
is therefore assigned to Arg-133, the C-terminus of AII.

Sequential Assignments. The above sections describe the
assignments of the complete spin systems of several residues.
The connection of these residues with their neighbors by the
technique of sequential resonance assignment would specifi-
cally assign the spin systems (Wagner et al., 1981; Billeter et
al., 1982; Wiithrich, 1986). In essence, DQF-COSY and
NOESY are acquired on samples of protein dissolved in H,O
(with 10% 2H,0 for locking). J connectivities are established
between the H* and NH spins of individual systems, and then
neighboring residues are connected via short-range NOEs. In
Figure 4A, NOE:s are observed between the NH proton of the
i + 1 residue and the H* of the preceding i residue for the
segment encompassing residues 98-104. In Figure 4B, an
NOE is seen between the NH protons of Leu-101 and Val-102.
Not shown in the figure are a number of NOEs between the
NH of the 7 + 1 residue and the H? of the preceding i residue,
for example, between Phe-97 and Val-96, Thr-98 and Phe-97,
Asn-99 and Thr-98, Ser-100, and Asn-99, and Gly-104 and
Phe-103.

Combined DQF-COSY and NOESY spectra of AII re-
corded at 45 °C extend the above assignments. In Figure 5,
NOEs connect the H*, and NH,,, protons of neighboring
residues for the segments 96-98 and 104-107. The H“ protons
of Phe-97 and Asp-107 resonate near the water signal and
therefore at 25 °C are bleached from the spectrum during
water suppression. At 45 °C, however, these resonances are
resolved from the water signal. The majority of the sequential
NOEs observed at 25 °C are also present at 45 °C.

In NOESY spectra recorded on samples of AlI in 2H,0,
the H* proton at 4.59 ppm, assigned to a Thr, shows NOEs
to protons at 3.82 and 3.67 ppm. This NOE pattern would
be expected between the H* of Thr-131 and the H?, of Pro-
132, where Pro-132 is in the trans conformer (Arseniev et al.,
1984). In Figure 4A, the NH of Thr-131 shows a strong NOE
to an H* which is assigned to Gly-130. The NH of the spin
system assigned to Arg-133 is connected by an NOE to the
He of Pro-132. By default, the specific assignments of Val-96
and -102 and Gly-104 and -130 allow the assignments of
Val-109 and Gly-119.

Table I summarizes the chemical shifts of all the assigned
spin systems along with the sequential NOEs. Included in this
table are several specific assignments of residues that are
unique to the primary sequence of AIl. Table II contains a
number of partial spin systems that cannot be connected by
sequential NOEs and therefore are not specifically assigned.
These spin systems, however, can be categorized as residue
type or into a class of residue.

GOOLEY ET AL.

Table II: Nonspecific Assignment (ppm) of Resonances of AII?

type of
residue® NH H* H? other
AMX 1° 441 298,285
AMX 2 8.14 471 2.93
AMX 34 8.08 4.80 3.22,2.84
AMX 44 3.88 3.70,3.50
AMX 5 495 3.71,3.56
long chain 1 8.10 4.17 196
long chain 2%¢ 413 1.85,1.53
long chain 3 441 230, 1.97

long chain 4%¢ 7.52 4.17 2.17
long chain 59 8.14 4.31
long chain 6¢ 8.25 4.28
long chain 7 7.82 4.15 2.26

Gl H, 2.52, 2.70
H", 2.40, 2.61
H, 2.16, 2.62
Met-124 or H~, 2.45, 2.36
Glu#
Arg 1¢ NH¢ 7.15, H%, 3.15, HY, 1.61
Arg 2 NH: 7.31, H%, 3.19, H7; 1.65
Arg 3 NH¢ 7.23, H%, 3.17
Arg 4 NH* 7.25, H%, 3.21
Lys 1 He, 2.94, H, 1.64
Lys 2 H¢, 2.94, H, 1.72
Leu? Hv 1.70, H%, 0.87

H" 1.93, H%, 0.90

¢Solution conditions were 8 mM, pH 3.1, and 25 °C. Due to the
lack of sequential NOEs, a number of spin systems could only be as-
signed to residue type or a class of residues. * AMX refers to the aH-
BH, connectivities characteristic of the remaining two Asp and Tyr-
110. Long chain refers to the remaining two Arg, two Lys, five Leu,
five Glu, Ile-120, and met-124. ©Additional AMX and Arg systems
are observed. It has not been determined whether these are due to
contaminants or a consequence of Pro-132 being present as both cis
and trans conformers. “¢These systems were observed at 45 °C.
¢There is a sequential NOE between the NH of long chain 6 and the
H* of long chain 7. As there are several cases where two neighboring
spin systems are long chain, specific assignments are not possible.
/These resonances were assigned on the basis of their pH dependence
(see text). #This system was only observed at pH 3.1 in *H,0. #One
of these systems may be the SH-yH? connectivity of Ile-120.

DISCUSSION

It is rare for an isolated linear peptide fragment to possess
stable ordered structure in aqueous solutions. When techniques
such as circular dichroism indicate an ordered structure, we
may consider this only as a measure of the average confor-
mation of the peptide backbone fluctuating over a wide range
of structures. Stability may be achieved by additional in-
teractions with other parts of the parent protein, and conse-
quently, as a stable structure is necessary for an NOE to occur
between a proton pair, NOEs may not be observed for a
peptide even when other techniques indicate an ordered con-
formation exists. Conversely, nonregular structures such as
reverse turns and Q-loops may not require additional tertiary
interactions for stability, and therefore, peptide fragments of
regions containing these structures may have sufficient stability
to allow the generation of NOEs.

At this stage of our studies we have observed NOE:s in the
segments 96—107 and 130-133, implying that these parts of
the peptide fragment are in stable structures. The majority
of both segments are defined by NOEs between H¢% and
NH,,,, indicating that these parts of the protein are extended
chain. Other NOEs between backbone protons, particularly
the NOE between the NH protons of Leu-101 and Val-102,
and the presence of Pro-132 disturb the regularity of these
extended chains. The ring protons of Tyr-110 show a number
of long-range NOEs to protons distant in the primary se-
quence, and these NOEs, particularly those to the H?® of
Ser-100 and Phe-103 and the H* of Asp-107 (Figure 3C),
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FIGURE 4: (A) Combined DQF-COSY and NOESY diagram for sequential resonance assignments via NOEs between NH,,, and H? of neighboring
residues. In the upper left is the spectral region F; 3.5-5.0 ppm and F, 7.5-9.0 ppm of a NOESY spectrum of 8 mM AII in H,O, pH 3.1
at 25 °C, recorded with a mixing time of 200 ms and 256 r, points. In the lower right is the spectral region F, 7.5-9.0 ppm and F, 3.5-5.0
ppm of a DQF-COSY acquired under the same conditions as the NOESY spectrum except with 640 ¢, points. The combination of the two
spectra shows spin—spin couplings for NH; to H% and NOEs from NH,,, to H%. Connectivities are shown for segments 98—104, 130-131,
and 132-133. The connectivities begin as the C-terminal of a segment and proceed in a clockwise direction toward the N-terminal. Starting
points are indicated by horizontal arrows. (B) The spectral region F, 7.8-8.4 ppm and F, 7.5-9.0 ppm of the same NOESY spectrum as shown
in (A). An NOE between the NH protons of Leu-101 and of Val-102 is indicated.

indicate that the peptide folds into a nonregular structure.
Preliminary computations of the structure of the peptide
segment 96—110 with the NOE data as distance constraints
indicate an Q-loop structure spanning residues Ser-100 to
Tyr-110 (Gooley et al., unpublished results).

The absence of NOEs in the segment 110~129 where the
putative helix occurs may imply that this part of the peptide

is not stable. However, circular dichroism shows that helix
content is concentration dependent, and modeling of the helix
indicates that it is amphipathic, suggesting that the helix is
stabilized through association. Consequently, the absence of
NOEs indicative of a helix may be an artifact of association
rather than stability. We are currently studying the effect of
various solvents on helix formation and association.
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FIGURE 5: Combined DQF-COSY and NOESY diagram for sequential assignments between NH,,; and H%, of neighboring residues. In the
upper left is the spectral region F, 3.5-5.0 ppm and F, 7.5-9.0 ppm of a NOESY spectrum of 8 mM AII in H,0, pH 3.1 at 45 °C, recorded
with a mixing time of 200 ms and 352 7, points. In the lower right is the spectral region F; 7.5-9.0 ppm and F, 3.5-5.0 ppm of a DQF-COSY
recorded under the same conditions as the NOESY spectrum. The combination of the two spectra shows spin~spin couplings for NH, to H*
and NOEs from NH,,, to H%. Connectivities are shown for the segments 96-98 and 104-107. The connectivities begin at the C-terminal
of a segment and proceed in a clockwise direction toward the N-terminal. Starting points are indicated by horizonta] arrows.

In an attempt to rationalize the stability of the Q-loop we
have studied the synthetic peptide 96-112 in water (Lehrman
et al., unpublished results). No NOEs were observed for this
peptide, implying that this peptide has no preferred confor-
mation. As NH exchange studies show that there are no
protected amide protons in the loop region, a likely alernative
is that the Q-loop must be stabilized by internal hydrophobic
interactions (Leszczynski & Rose, 1986). However, if the
absence of NOEs in the segment of the helix is due to asso-
ciation, then the N- and C-terminal segments 96-107 and
130-133, respectively, are not associated. At 45 °C the
long-range NOEs that characterize the folding of the N-ter-
minus into an Q-loop are weaker but apparent. Noticeably,
other NOEs from the ring protons of Tyr-110 to residues
containing long side chains (Figure 3B) are very weak or
absent at 45 °C.

The detection of a stable Q-loop in a protein fragment is
significant for several reasons. First, a structure of this type
has not previously been characterized by NMR spectroscopy.
Sequential NOE data while indicative of structure do not on
their own characterize ordered structure, and additional in-
formation such as NH exchange rates and chemical shifts of
backbone protons is needed (Pardi et al., 1983). However,
the backbone chemical shifts of residues 96-110 of AII are
all nearer than 0.5 ppm of values for small peptides (Bundi
& Wiithrich, 1979), and the most significant shifts are
probably due to ring current effects. Further NOE data is
the most useful aid for determining molecular structure
(Billeter et al., 1982). For example, 3-sheets are characterized
by NOEs between NH; and NH; or H*, where i and j are
protons of adjacent strands, NOEs between CH, and CH;, are
especially indicative of antiparallel sheet (Wiithrich et al.,
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1984; Gooley & Norton, 1986), and a-helicies can be further
characterized by NOEs between NH; andd H%,; (Wiithrich
et al., 1984; Clore et al., 1986). An unusual structure reported
is the 8%° helix, which is characterized by both NH; to H%;,
and NH; to H*,,; NOEs (Arseniev et al., 1985). We have not
observed any of these additional NOEs in the course of our
study, and except for NOEs between side-chain protons in the
neck region or internal to the Q-loop, there are no other
characteristic NOEs. However, where the neck to neck dis-
tance is less than about 6 A (C* to C%; Leszczynski & Rose,
1986), NOEs between backbone protons of the neck residues
may be expected.

Registry No. AIl, 111524-50-6.
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