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An efficient high-throughput method for sequential
assignment of backbone 'H™ and "N, atoms in less
than a day (using 2—4 2D spectra; total data collection
in 4-8 h) has been proposed here. This is based on
sequential correlations and specific patterns of peaks
around the glycines, alanines, serines/threonines (in-
ternal check points) observable in the F—F; projec-
tion planes of the 3D-HN(C)N spectral variants. The
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F,—F; projection planes of the spectra provide unique
identification of the check Points. The protocol has
been demonstrated on two “C/*N-labelled proteins:
ubiquitin and calbindin-D9k. In either case complete
HY and N backbone assignments were obtained in
less than a day each. The method would be valuable
for NMR structural studies of small, well-folded pro-
teins.

Keywords: Backbone assignment, check points, sequen-
tial amide correlation, structural proteomics.

BIOMOLECULAR nuclear magnetic resonance (NMR)
spectroscopy has expanded dramatically in recent years
and is now a powerful tool for the study of structure, dy-
namics and the interactions of biomolecules'. The only
limitation for high-throughput NMR studies in the con-
text of proteomics research is the long time needed to re-
cord a set of multidimensional NMR experiments for
sequence-specific assignment and thus for structure de-
termination. This also imposes a condition of long-term
stability on the protein samples. Additionally, some pro-
teins in solution tend to precipitate in a matter of days,
thereby reducing the time available to record NMR data.
This has shifted the focus of methodology development
in NMR to: (i) reducing the number of NMR experiments
to derive the required information, (ii) increasing the
speed of data collection, and (iii) developing high-
throughput procedures and algorithms/techniques for fast
data analysis. There have been efforts to reduce the
experimental time by adopting reduced dimensionality
techniques™™. Even so, these methodologies require
either extensive collection of NMR data™® or the data
analysis is not straightforward®. In this background, we
present here an efficient protocol based on 2D versions of
HN(C)N>® to obtain unambiguous sequence-specific HY
and "N backbone assignment in small, well-folded
proteins.

The protocol basically extracts the necessary informa-
tion (sequential correlations and check points for assign-
ment of 'HY and "N atoms) from two experiments,
termed herein as (i) 2D-hncNH (or the F,—F; projection
plane of the 3D-HN(C)N spectrum™® recorded by avoid-
ing the # evolution) which provides unique identification
of the check points, and (i1) 2D-hNenH (or the F1—F; pro-
jection plane of 3D-HN(CN spectrum™® recorded by
avoiding the £, evolution) which provides two types of
amide correlations on the "N—"H HSQC-type spectrum:
(i) intra-residue correlation ['HY-'°N;] and (ii) inter-
residue correlation [1H1§—15N,-+1]. Each of these can be
recorded in a few hours time (1-2 h). These acquisition
times are much less than what would be required for 3D
experiments. Moreover, these can be recorded with larger
number of increments and scans per FID without signifi-
cantly increasing the acquisition time. Moreover, in such
2D-projection experiments, the slight signal attenuation
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during the additional evolution time of the 3D experiment
will be absent.

The basic idea of the protocol described here is as fol-
lows. The three-dimensional HN(C)N spectrum (Figure
1 a, left panel), shows HY-!15N correlation between three
consecutive residues i—1, i, and i +1 (refs 5, 6). The
peaks appear at the following coordinates (Figure 1a,
middle panel):

Fy =N (Fs, F2) = (‘H, PNy, (Hy, PNy,
Fy=N; (Fs, F) = (‘H,, "Ny, (H,, "Ny,

The HN(C)N spectrum also exhibits characteristic sign
patterns in the peaks as shown in Figure 1 a (right panel),
considering the peptide sequence abBB’de. Depending
upon the type of the HN(C)N experiment”™, B and
B’ carry different meanings: it represents glycine in
the normal HN(C)N experiment, glycine or alanine in the
HN(C)N-A experiment, and serine or threonine in
the HN(C)N-ST experiment; P is for proline and a, b, d, e
represent any residue other than B and P. The triplet-
specific peak patterns thus help in the identification of
these special residues which serve as starting points
and/or check points during the course of sequential
walks, and explicit side-chain assignment becomes less
crucial for unambiguous backbone assignment.

A simple examination of the spectral features in Figure
1 @ (middle panel) reveals that a projection down the F
axis of the HN(C)N spectrum would produce a 2D-
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Figure 1. Schematic illustration showing spectral features of (a) 3D-

HN(C)N, (b) 2D-hneNH and (¢) 2D-hNenH experiments. The latter two
have been derived from the HN(C)N experiment (see text). Squares and
circles represent the self and sequential peaks respectively. Black and
red colours represent positive and negative signs respectively.
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HSQC-type spectrum, containing peaks from glycines
and their following residues only. This is because when
an F projection is taken, peaks belonging to these resi-
dues co-add whereas those belonging to the other residues
cancel their intensities; this is illustrated schematically in
Figure 15. It is evident that the peaks of glycines and
their sequential following residues will have opposite
signs. This 2D spectrum will, hereafter, be referred to as
hneNH-G, which can be recorded from the 3D pulse
sequence’ by avoiding the # evolution. Similarly, alanine
and serine/threonine check points can be derived from
other wvariants of the experiment, HN(C)N-A and
HN(C)N-ST™® respectively. These spectra hereafter will
be referred to as hncNH-A and hnecNH-ST respectively.
Thus depending upon the variant of the HN(C)N experi-
ment, the 2D-hncNH spectra will provide amino-acid
type identification of glycines, alanines, serines/
threonines (primary check points) and the residues fol-
lowing them in the sequence (secondary check points)
directly on a "H-""N HSQC type spectrum. These provide
a number of initial start points and check points during
the sequential walk along the polypeptide chain for ob-
taining sequence-specific assignment.

Figure 1 a (middle panel) also reveals that a projection
down the F, axis of the HN(C)N spectrum would produce
a 2D-HSQC-type spectrum which has both the self (i) and
the sequential (i + 1) peaks aligned at the 'H" chemical
shift of i, for each non-proline residue. They carry with
them their specific peak patterns. This is schematically
illustrated in Figure 1 ¢. Such 2D spectra will hereafter be
referred to as hNenH-G, hNenH-A and hNenH-ST re-
spectively, which can be recorded from the respective 3D
pulse sequences™®, avoiding the £, evolution. These,
together with the check points identified earlier provide a
large number of internal checks during the sequential
walk along the polypeptide chain, enabling unambiguous
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Figure 2. The 2D-hneNH-G spectrum of 1.6 mM ubiquitin (76 aa).
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Figure 3. 2D-hncNH-A (@) and 2D-hncNH-ST (b) spectra of ubiquitin recorded on an 800 MHz Bruker spectrometer equipped

with cryoprobe. Each 2D spectrum is recorded on 1.6 mM ubiquitin sample in about 2 h. In each case 64 complex increments were
used along the indirect dimension. The residues labels on the peaks have come after the sequential assignment, but are indicated
for clarity. In b, residual G75 and G76 peaks are seen because of improper cancellations.
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Figure 4. The 2D-hNenH-G spectrum of 1.6 mM ubiquitin (76 aa)
and illustrative stretches of sequential walk on this spectrum (S20-123
and Asp39-Leu50) shown with dotted lines. Black and red colours rep-
resent self and sequential peaks respectively, except for residues which
are present next to glycines (check points).
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Figure 5. (a) The 2D-hNenH-A and (b) 2D-hNenH-ST spectra of

ubiquitin recorded on a 800 MHz
room-temperature TXI probe. The
ubiquitin sample in about 2 h time

Bruker spectrometer with normal,
spectra were recorded on 1.6 mM
each using 64 complex increments

along the indirect dimension.

assignment. All the 2D spectra can be recorded in about
1-2 h, each, on the same (**N/'*C)-labelled protein sam-
ple. The analysis being straightforward, the assignment
can be completed in a few hours time.

A crucial requirement for the above protocol to work
well is good dispersion of the amide proton resonances.
In well-folded proteins of medium size, this can be
expected to occur. Higher magnetic fields will also be
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Figure 6. Illustrative stretches of sequential walk through the 2D-hNenH-G, 2D-hNenH-A and 2D-hNenHST spectra. Residue
labels on the peaks have come after the sequential assignment, but are indicated for clarity (see text).
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Figure 7. Complete sequential walk through the 2D-hNenH spectrum of ubiquitin. Cyan and red colours represent positive and negative signs
respectively. A sequential peak in one plane joins the self peak in the adjacent plane on the right. The numbers at the bottom in each strip identify
the HY chemical shifts. The self peak in the strip is identified from "’N chemical shift.
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Figure 8. The 2D-hNenH spectrum of 1.0 mM N/PC labelled cal-
bindin-D9%k and an illustrative stretch of sequential walk on this spec-
trum (Lys55-Leu69) shown with dotted lines. Black and red colours
represent self and sequential peaks respectively, except for residues
which are present next to glycines (check points).

extremely helpful in this regard. Assuming that the amide
proton spectral dispersion is approximately 3 ppm, this
would correspond to 1800 Hz on a 600 MHz spectro-
meter, but 2700 Hz on a 900 MHz spectrometer. Thus
protons with small chemical-shift differences will get bet-
ter resolved on a higher field spectrometer.

The method has been tested and demonstrated on two
protein samples: (i) 1.6 mM ubiquitin (76 aa) and (ii) cal-
bindin-D9%k (75 aa) on an 800 MHz spectrometer equipped
with cryoprobe. Figure 2 shows the 2D-hncNH-G spec-
trum of ubiquitin which allows direct identification of the
glycines in the spectrum by their positive sign. In the
same spectrum, the residues following these special resi-
dues are also seen but in negative phase and thus are
readily identifiable by virtue of their opposite signs. An
ambiguity arises when there are consecutive glycine resi-
dues in the sequence. In a stretch like -G'GX-, the G
peak will disappear if X is a non-proline residue. For the
terminal diglycine stretch (which is the case with ubi-
quitin-like proteins) or a stretch like —G’GP—, the G peak
will be negative in sign. For proteins with such amino-
acid sequences, unambiguous information of the check
points can be derived from variants of 2D-(HN)NH
experiments’. Figure 3 shows 2D-hncNH-A and 2D-
hneNH-ST spectra of ubiquitin which display A and S/T
related check points. Figure 4 shows a section of the
2D-hNenH-G spectrum of ubiquitin. The figure also dis-
plays illustrative stretches of sequential walk through the
2D-hNenH-G spectrum following the path from intra-
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residue correlation ['H}-"°N;] via inter-residue correla-
tion [IHIY—1 5N,-+1] to the next intra-residue correlation
[H,H—lsN,ﬂ]. The intra- and inter-residue correlations
here are identified respectively, by their positive and
negative signs. Sequential correlations in 2D-hNenH-A
and 2D-hNenH-ST spectra are illustrated in Figure 5.
Nlustrative stretches of sequential walks through
2D-hNenH-G, 2D-hNenH-A and 2D-hNenH-ST spectra
are shown in Figure 6 and Figure 7 depicts complete
sequential walk through the 2D-hNenH-G spectrum for
ubiquitin. Similarly, as an illustration of calbindin appli-
cation, the 2D-hNenH-G spectrum of the protein is shown
in Figure 8.

In conclusion, an efficient method for rapid sequential
assignment of amide and "N resonances in small, well-
folded proteins has been proposed. This paves the way
for fast backbone '’C assignments using 2D versions of
hnCOcaNH and hncoCANH experiments'’ described re-
cently, and thereby to structure determination in less than
a day using algorithms which rely on chemical shift data
alone'>"?. Since, the experiments do not involve aliphatic
protons, the method can also be envisaged to be applica-
ble for deuterium-labelled, large molecular weight pro-
teins. One can also envisage an application of these
methods in in cell protein NMR, where rapid acquisition
of data would be crucial due to problems of maintaining
homogeneous cell suspensions for long periods of time.
Moreover, for resonance assignment of small but unstable
proteins and those which tend to precipitate in solution in
a matter of days, the protocol will provide a better option
to the biomolecular NMR community. Genome analysis
has revealed that a large number of proteins expressed in
prokaryotes and archaea are small in size'%; nearly 22%
of the structures in the Protein Data Bank are of proteins
having molecular mass less than 15kDa (http:/
pdbbeta.resb.org). Thus the protocol described here
would be the method of choice in the context of structural
and functional proteomics research.
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Light gaseous hydrocarbon anomalies
in the near-surface soils of Sagar
District, Vindhyan Basin, India
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Seepage of natural gas was reported from some bore
wells located in a few agricultural fields in Piparia,
Bhutoli and Rahatgarh areas, Sagar District, Madhya
Pradesh, India. Geochemical prospecting survey has
been carried out in Sagar District to study the seepage
of natural gas associated with adsorbed soil gas
anomalies in order to establish an upward migration
of hydrocarbons from the subsurface reservoir. In the
present study, adsorbed light gaseous hydrocarbon
analyses show the presence of moderate to low concen-
trations of methane (C,) 1 to 104 ppb, ethane (C,) 1 to
14 ppb, propane (C;) 1 to 10, i-butane (iC,) 1 to 9 ppb
and n-butane (nCy) 1 to 8 ppb in the soil samples. The
carbon isotopic composition of methane ranges
between —29.9%0 and -52.2%0 (PeeDee Belemnite),
suggesting that these gases are of thermogenic origin.
Adsorbed soil gas and carbon isotope studies show
good regional evaluation of hydrocarbon potential.
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HYDROCARBONS generated and trapped in reservoirs
beneath the surface seep or leak to the surface in varying
but detectable quantities. These phenomena occur because
processes and mechanisms such as diffusion, effusion and
buoyancy allow hydrocarbons to escape from reservoirs
and migrate to the surface where they may be retained in
the sediments and soils or diffuse into atmosphere or
water columns'. This migration is manifest in surface
indications of hydrocarbons in the form of oil and gas
seeps, which have been noted in nearly every petroleum
province of the world®. The seepage of petroleum or gas
in an area may indicate the presence of their petroleum
precursors underground®. Near-surface indications of
migrating hydrocarbons can provide evidence of an active
petroleum system and critical information about source,
maturity and migration®. The rate and volume of hydro-
carbon seepage to the surface control its near-surface ex-
pression. The baseline distribution of hydrocarbons over
a wide area is crucial in the prospecting technique to
establish any anomalous occurrences of hydrocarbons for
locating previously unidentified petroleum sources for
future, more extensive exploration”.

Geochemical prospecting is the most successful
method which can provide direct evidence for the pre-
sence of petroleum accumulation, and is relatively cheap
and rapid’. This method yields good regional evaluation
of hydrocarbon potential. The geochemical exploration
method for natural hydrocarbon seepage has been focused
on the detection of adsorbed hydrocarbon gases™®. Adsor-
bed light hydrocarbon gases which are bound on the soil
surface can be released by acid treatment’. Gas chroma-
tographic techniques are used in the analysis of adsorbed
hydrocarbon gases’. Using composition and ratio of the
light hydrocarbons methane, ethane, propane and butane,
it is possible to predict whether oil or gas is more likely
to be discovered in the prospect area®. All economically
important oil accumulations are the result of thermal
maturation processes and methane is a product that
originates during all stages of the maturation of organic
matter®. The carbon isotope composition of methane is
related to maturity and type of organic matter, and it can
be used to distinguish between thermal or biogenic origin
of the gas’. Coleman er al.'®, in a study on leakage of gas
from underground storage reservoir, showed that isotopic
analysis is a reliable technique for differentiating between
methane from thermogenic and biogenic source'®. A use-
ful geochemical method to correlate gases with their
source rocks is 8'°C; determination. The isotopic compo-
sition of methane was found to be a more reliable indica-
tor of hydrocarbon reservoir”.

In the present study, geochemical prospecting method
has been applied in Sagar District, Madhya Pradesh, India
for evaluating the prospectivity for hydrocarbon explora-
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