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A multiplicity-selective coherence transfer step is discussed, that special side chains (12, 13) . Other sequences are based on
can replace the normal INEPT transfer in triple-resonance experi- the number of carbon–carbon couplings (14–17) or the
ments. Depending on the pulse sequence in which they are imple- multiplicity (i.e., the number of protons attached to a hetero-
mented, amino acid-selective experiments will be created. Two nucleus) of the carbon atom (15, 16, 18) .
experiments selective for Asn and Gln are proposed. q 1998 Academic In this paper, we discuss multiplicity-selective coherence
Press

transfer steps that can replace the normal INEPT transfer inKey Words: triple-resonance, NMR assignment, amino acid-se-
most triple-resonance experiments. The new transfer stepslective experiments
will accomplish an in-phase transfer of magnetization for
either X H2 or X H3, while other multiplicities will be sup-
pressed (X can be either nitrogen or carbon). Since all triple-The determination of the three-dimensional structures of
resonance experiments begin and end with a coherence trans-small proteins by NMR has become a routine matter. This
fer from and to protons, the sequences can be implementedis largely due to the event of the so-called triple-resonance
in a variety of techniques. Depending on the pulse sequenceexperiments (1, 2) which facilitate unbiased sequence-spe-
in which they are implemented, specific patterns will becific resonance assignments for biological systems with a
selected, creating an amino acid-selective pulse sequence.molecular weight of less than 40 kDa. Due to the high sensi-
An advantage of the new sequences is the superior selectiontivity of these experiments and their intrinsic resolution they
that can be obtained by separating coherence orders ratherare supposed to be ideally suited as a basis for an automation
than adjusting delays to the size of coupling constants. Thisof the assignment procedure. Accordingly, a number of at-
will be an important consideration for systems with varyingtempts to achieve semiautomated assignment have been re-
mobility.ported (3) , but experience shows that a fully computerized

The new coherence transfer sequences are shown inprocess seems to require a high amount of specificity and
Fig. 1. They are implemented in a refocused HSQC de-redundancy in the data set used.
scribed by Kay et al. (19 ) (Fig. 1a ) as the simplest pulseIt is therefore desirable to supplement the data with addi-
sequence with proton detection where an in-phase coher-tional information, e.g., on the resonance positions of certain
ence transfer can be incorporated. Two types of sequencestypes of amino acids. One way of generating such amino
can be used, depending on whether the filtered transferacid-selective information is to exploit specific coherence
is to or from the heteronucleus (Figs. 1b and 1c, respec-transfer pathways that are unique for certain amino acids.
tively ) . Both consist of three delays D of 1 /2 ( 1 JHX ) inter-In this context, several schemes for amino acid-selective
rupted by two groups of pulses and are related to theexperiments have already been proposed. Proline and glycine
POMMIE sequences ( 20, 21 ) .can be distinguished by their unique backbone pattern (4–

The ‘‘down’’ sequence (Fig. 1b ) starts with the prepa-6) . Arginine can be selected utilizing the fact that the argi-
ration of proton magnetization, which is converted intonine-N e is separated in frequency to selectively exite argi-
heteronuclear zero- and double-quantum coherence afternine side-chain resonances (7–9) . Aspartic acid and glu-
a period of 1 /2 ( 1 JHX ) by the heteropulse. During a secondtamic acid can be selected based on the fact that the carbonyl
delay 1 /2 ( 1 JHX ) the one-bond coupling between the re-does not couple to a nitrogen (10) . Asparagine and gluta-
maining protons coupled to the same heteronucleus ismine have been selected by selecting NH2 next to a carbonyl
active. The following 907 pulse creates heteronuclear tri-(11) . Aromatic amino acids can be selected due to their
ple-quantum coherence for X H2 and heteronuclear qua-
druple-quantum coherence for X H3 , which can be se-1 To whom correspondence should be addressed. E-mail: schmieder

@fmp-berlin.de. lected by phase cycling of the next 907 pulse. The key
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coherences the creation of these heteronuclear multiple-
quantum coherences can be achieved quite efficiently via
the large proton–carbon one-bond coupling. A loss of
sensitivity will occur, however, since several types of
multiple-quantum coherences are created, of which only
some are selected by phase cycling; e.g., the second pro-
ton 907 pulse in the down sequence creates proton double-
and zero-quantum coherences, of which only the double-
quantum coherences are selected.

The sequences shown in Fig. 1 were tested on a sample
of the GFL peptide ( 22 ) with carbon as the heteronucleus.
The result is shown in Fig. 2 as one-dimensional versions
of the experiments. Figure 2a shows the spectrum of se-
quence 1a, exhibiting all resonances of the three labeled
amino acids. Figures 2b and 2c show the two versions of
CH2 selection. The resonances of Phe and Leu Ha have
disappeared as well as the Leu Hg . The methyl groups of
Leu are still present with reduced intensity, since they
can form heteronuclear triple-quantum coherences as
well. Their intensity can be further reduced by optimiza-
tion of the delay D in order to minimize the amount of
those coherences. A complete suppression of methyl
groups, however, will be difficult to achieve. For many
of the triple-resonance experiments this is not important,
since methyl groups are not present along the backbone
of proteins and their resonances will be removed by theFIG. 1. Pulse sequences of the multiplicity-selective coherence transfer

steps implemented in an HSQC sequence. (a) HSQC sequence with water conventional phase cycle. Figures 2d and 2e show the
suppression using trim pulses and gradients (19) . (b) The ‘‘down’’ se- selection of CH3 ; no leakage of other multiplicities is
quence for multiplicity-selective transfer from proton to the heteronucleus

possible, since only CH3 can form heteronuclear quadru-replaces the first INEPT step in sequence (a) . For selection of X H2 the
ple-quantum coherence.phase cycle is f1 Å 07; f2 Å 457, 1357, 2257, 3157; fr Å 07, 1807; for

As first examples for the implementation of the newselection of X H3 the phase cycle is f1 Å 07; f2 Å 307, 907, 1507, 2107,
2707, 3307; fr Å 07, 1807. (c) The ‘‘up’’ sequence for multiplicity-selective sequences in a triple-resonance experiment we chose the
transfer from the heteronucleus to protons replaces the second INEPT step selection of NH2 groups at the end of the CBCA-
in sequence (a) . For selection of X H2 the phase cycle is f1 Å 457; f2 Å (CO)NNH ( 23 ) and the HBHA(CBCACO)NNH ( 24 )07, 907, 1807, 2707; fr Å 07, 907, 1807, 2707; for selection of X H3 the phase

experiments. Since only Asn and Gln have an NH2 nextcycle is f1 Å 307; f2 Å 07, 607, 1207, 1807, 2407, 3007; fr Å 07, 1207, 2407.
to a carbonyl group, these modified experiments will be
selective for those amino acids. Asn and Gln are then
easily distinguished based on the different chemical shiftfeature is that the phase difference between these two 907

pulses is not 07 or 907 but rather 457 for the selection of patterns. These experiments will be extremely helpful in
distinguishing Asn from other amino acids with AMXYX H2 and 307 for the selection of X H3 . This allows for

the creation of magnetization with all protons in antiphase spin systems, and Gln from Met and Glu.
The modified CBCA(CO)NNH and HBHA(CBCA-with respect to the heteronucleus, which can then be refo-

cused into single-quantum coherence of the heteronucleus CO)NNH sequences were applied to a sample of the SH3
domain of spectrin. The spectrum recorded with the modifiedin the final delay 1 /2 ( 1 JHX ).

The ‘‘up’’ sequence starts out on the heteronucleus. CBCA(CO)NNH sequence (Fig. 3a) contains the Cg and
Cb of Gln and the Cb and Ca of Asn. The spectrum recordedDuring the first delay 1 /2 ( 1 JHX ) all protons coupled to

the heteronucleus via a one-bond coupling will end up in with the modified HBHA(CBCACO)NNH sequence (Fig.
3b) then contains the Hg and Hb of Gln and the Hb and Haantiphase. A proton 907 pulse creates different types of

heteronuclear multiple-quantum coherence for X H2 and of Asn. No other residues appear in the spectrum and the
identification of the two Gln and the three Asn is straightfor-X H3 . Again the phase of this pulse is not 07 or 907 with

respect to the second. This ensures the creation of magne- ward.
The transfer steps presented here should be of use as atization that can be converted in heteronuclear zero- and

double-quantum coherence, which will be refocused to building block in many pulse sequences in order to select
for certain spin topologies. The modification of HCACO-proton single-quantum coherence in the usual manner.

Note that contrary to homonuclear multiple-quantum type experiments, for example, in a similar way as presented
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FIG. 2. Application of the pulse sequences shown in Fig. 1 to the GFL peptide. (a) Normal HSQC sequence (1a); all eight signals are visible. (b,
c) Selection of CH2 with the up and down sequence, respectively; the three CH signals have disappeared, and the two methyl group signals are weaker
but not completely suppressed. (d, e) Selection of CH3 with the up and down sequence, respectively; only the methyl groups are visible. The experiments
were executed with the minimum number of scans necessary for the editing phase cycle combined with a two-step phase cycle on a heteronuclear pulse:
8 scans for (b) and (c) , 12 scans for (d) and (e) . The reference experiment in (a) was executed with 8 scans.

FIG. 3. Application of the selection of NH2 at the end of CBCA(CO)NNH (a) and HBHA(CBCACO)NNH (b). The protein contains two Gln
and three Asn residues; the b and g resonances of Gln and the a and b resonances of Asn can be clearly identified from the spectrum. No other residues
appear in the spectrum. The spectra were recorded on a Bruker DRX600 spectrometer using a 5-mm triple-resonance probe equipped with three-axis
self-shielded gradient coils. The sample was a SH3 domain from spectrin, labeled with 15N and 13C, the concentration was 0.8 mmol, and the spectra
were recorded at 300 K. The sequences were implemented as described in the literature, except that the final INEPT transfer was replaced by the up
sequence as shown in Fig. 1. The same water-suppression scheme as in Fig. 1 was used for both sequences. HBHA(CBCACO)NNH was recorded with
‘‘shared incrementation time’’ for the indirect dimension. 128 FIDs were recorded in each experiment with 128 scans each. Standard processing was
applied to the spectra.
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