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Abstract Isotope labeling by residue type (LBRT) has
long been an important tool for resonance assignments at
the limit where other approaches, such as triple-resonance
experiments or NOESY methods do not succeed in yielding
complete assignments. While LBRT has become less
important for small proteins it can be the method of last
resort for completing assignments of the most challenging
protein systems. Here we present an approach where LBRT
is achieved by adding protonated '*N amino acids that are
13C labeled at the carbonyl position to a medium for uni-
form deuteration and "°N labeling. This has three important
benefits over conventional >N LBRT in a deuterated back
ground: (1) selective TROSY-HNCO cross peaks can be
observed with high sensitivity for amino-acid pairs con-
nected by the labeling, and the amide proton of the residue
following the '*C labeled amino acid is very sharp since its
alpha position is deuterated, (2) the '*C label at the
carbonyl position is less prone to scrambling than the '°N
at the g-amino position, and (3) the peaks for the 1-'°C
labeled amino acids can be identified easily from the large
intensity reduction in the 'H-">N TROSY-HSQC spectrum
for some residues that do not significantly scramble nitro-
gens, such as alanine and tyrosine. This approach is cost
effective and has been successfully applied to proteins
larger than 40 kDa.
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Introduction

NMR resonance assignments of proteins as required for
structure determination and interaction studies are typically
pursued with triple-resonance experiments, which are often
sufficient for assigning small proteins below 20 kDa. Fre-
quently, however, isotope labeling by residue type (LBRT)
is utilized to resolve ambiguities, to locate segments of
linked spin systems in the primary structure, or to assign
residues in segments that do not exhibit cross peaks in
triple-resonance experiments due to unfavorable relaxation
properties or other effects (MclIntosh and Dahlquist 1990).
Transverse relaxation rates can be dramatically reduced by
perdeuteration (LeMaster 1989), which has enabled effi-
cient application of triple resonance experiments to larger
proteins and is crucial for the success of the TROSY
strategy. As a consequence, systems in the molecular
weight range up to 100 kDa and beyond have been suc-
cessfully studied (Fiaux et al. 2002; Horst et al. 2005).
Deuteration methods have reduced the need of LBRT for
assigning smaller proteins but knowledge of the amino acid
type of unassigned HSQC correlation peaks would be
invaluable for assigning very large proteins at the upper
size limit. However, bacterial expression of proteins in
’H,0 or on deuterated media has made amino acid-specific
labeling challenging and expensive. This has only been
accomplished in a few cases through the incorporation of
protonated or deuterated '°N labeled amino acids into
deuterated proteins (Metzler et al. 1996; Kelly et al. 1999;
Fiaux et al. 2004). However, incorporation of protonated
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N labeled amino acids has the disadvantage of line
broadening, due to dipole interaction between the amide-
proton resonance of the labeled residue and its own o
proton. Incorporation of H'*N amino acids is usually quite
expensive. Thus, the use of LBRT has not been easily
available for assigning spectra of large proteins that cru-
cially depend on the line-narrowing effect of deuteration.

Here we describe a simple approach for efficient LBRT
that can be pursued for expression in a deuterated back-
ground. By adding a 1-'°C labeled protonated amino acid
to [lSN, 12C, 2H] labeled expression media, a sample is
produced where: (1) the'H-'°N cross peak of the sub-
sequent residue can be detected from a TROSY HNCO
experiment with narrow line shape due to the deuteration of
the o-proton, (2) the'H-">N cross peak of the labeled amino
acid type is strongly reduced. The '*C label at the carbonyl
position is less prone to scrambling than the '°N at the a-
amino position. The labeling patterns were determined on a
low molecular weight protein, the 1st SH3 domain of the
multi-domain signaling protein Nck. The applicability to
large proteins was then tested successfully on the catalytic
domain of calcineurin, a 40 kDa paramagnetic protein and
VDACI, a 30 kDa outer mitochondrial membrane protein
immersed in a detergent micelle.

Carbonyl labeling strategy

We describe an information-rich and cost-effective strategy
for LBRT in a deuterated background relying on the use of
carbonyl 3¢ (1—13C)-labeled amino acids. In this scheme,
an E. coli strain harboring a protein expression vector was
grown in D,0O (or H,O) on M9 media supplemented with
’H glucose, 5N HN,CI and 2H'>N Celtone® base media,
which is an algal hydrolysate, containing all *H'>N amino
acids except for asparagine and glutamine. 1-'*C labeled
amino acids were then added at 4-9 times the amount
present in the Celtone media. With this approach, the res-
idue type targeted with this labeling procedure is expected
to be 80-90% positively ('*C) labeled for the carbonyls as
well as negatively ('*N) labeled for the amides of a specific
amino acid. Thus, from a simple two-dimensional version
of the most sensitive triple resonance experiment TROSY-
HN(CO), the amino acid succeeding the labeled amino acid
is easily identified. In addition, information for the
assignment of the "H-'>N cross peak of the 1-'°C labeled
amino acid itself can be obtained from the strong intensity
reductions in the '’N TROSY HSQC spectra as compared
to those of the uniformly *H and '°N labeled protein. This
essentially doubles the amount of information than that can
be obtained over the common strategy of using '°N labeled
amino acids. This approach avoids the problem of fast
amide relaxation due to the o proton as observed when

@ Springer

introducing non-deuterated amino acids since the o protons
adjacent to the observed resonances are highly deuterated.
Furthermore, relaxation of carbonyl carbons is nearly
insensitive to proton incorporation. The strategy is also cost
efficient when compared with the previously described
method that utilizes H'°N labeled amino acids (Supple-
mental figure) (Fiaux et al. 2004). Except for arginine,
histidine, lysine and threonine, the cost is significantly
lower for 1-'>C than for '’N-?H labeling. In addition, 1-'*C
labeling is much more selective than amide labeling for
some amino acids, since the carbonyl moiety cannot be
scrambled by transaminases. While '°N labeling is widely
used compared to 1-'*C labeling, the strategy is akin to
early implementation of 1-'3C-labeling strategies for site
specific assignment of protein (Kainosho and Tsuji 1982;
Kato et al. 1991).

Recent development of in vitro protein expression sys-
tems has provided an additional strategy for expressing
protein (Kigawa et al. 1999; Sawasaki et al. 2002; Kigawa
et al. 2004; Morita et al. 2004; Torizawa et al. 2004; Vi-
narov et al. 2004; Koglin et al. 2006). Compared to the
in vivo system used here, an in vitro system might provide
better selectivity due to the lack of metabolic enzymes that
introduce scrambling (Yabuki et al. 1998; Morita et al.
2004; Ozawa et al. 2004; Staunton et al. 2006). However,
commercial reactions for cell free systems are still very
expensive compared to an in vivo expression system using
E. coli (Tyler et al. 2005; Staunton et al. 2006). Although
the cost of in vitro expression can be reduced by using in
house reagents, this usually requires significant effort to
optimize expression systems to produce sufficient amounts
of protein for NMR analysis. Therefore, in vivo LBRT
remains more practical than in vitro labeling in cell-free
systems, at least for the very near future.

Materials and methods

All chemicals were purchased from Sigma unless otherwise
noted. 1-'*C amino acids were purchased from Cambridge
Isotope laboratories. Celtone® base media were purchased
from Spectra Stable Isotopes. An NFAT peptide that con-
tains the calcineurin binding sequence Hy,N-GPHPVI-
VITGPHEE-COOH was chemically synthesized by the
Tufts-New England Medical Center Peptide Synthesis
Facility, Boston, MA, USA.

Expression and purification of 1-'>C selectivly labeled
1st SH3 domain of Nck (Nck SH3.1) in uniformly '°N-
labeled background

1-'3C selective labeling in a uniformly '°N-labeled back-
ground was applied to Nck SH3.1. Nck SH3.1 is a
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67 amino acid protein, consisting of 18 amino acid types
(no phenylalanine and cysteine). The gene for the Nck
SH3.1 was cloned in to the pET30 vector from Novagen as
described in previous literature (Park et al. 2006). Nck
SH3.1 was expressed in Rosetta™ (DE3) E. coli cells
(Novagen) at 37°C and protein expression was induced for
24 h. Of the 18 1-'3C amino acid types observed in NMR
spectra of Nck SH3.1, 11 amino acids that are less
expensive than 2H!5N amino acids, were tried (i.e. alanine,
aspartate, glutamate, glutamine, glycine, isoleucine, leu-
cine, proline, serine, tyrosine, and valine). Tryptophan was
not tried because the 1-'°C labeled form is expensive
(Supplemental figure). For each of the 1-'°C labeled sam-
ples, the cells were cultured in 15N M9 Celtone media
containing 8.5 g/L Na,HPO,, 3 g/LL KH,PO,, 0.5 g/L
NaCl, 2mM MgCl,, 0.1 mM CaCl,, 1.5 g/ of glucose,
1 g/L of NH,CI, and 1 g/L >N Celtone® base powder.
Immediately after induction, the 1-'3C amino acids are
added to give a fourfold excess of the amount present in
typical Celtone base media as reported by the supplier
(212 mg/L, 268mg/L, 286 mg/L, 50 mg/L, 178 mg/L,
87 mg/L, 233 mg/L, 156 mg/L, 123 mg/L, 106 mg/L, or
125 mg/L of 1-'3C labeled alanine, aspartate, glutamate,
glutamine, glycine, isoleucine, leucine, proline, serine,
tyrosine, or valine, respectively, were added). Then, at 16 h
after induction, the same amount of the respective amino
acids was added again to each of the 1-'>C labeled samples
to replenish the stock of labeled amino acid and diminish
the effect of scrambling. The cells were incubated for an-
other 8 h for a total of 24 h induction. Uniformly '°N
labeled sample was also expressed in the same way without
adding extra amino acids. The protein was purified with
Ni-NTA affinity chromatography as previously described
(Park et al. 2006). Nck SH3.1 is expressed as a mixture of
monomer and dimer. To obtain the monomeric form the
protein was heated to 95°C for 5 min in diluted solution.
The procedure converts the dimer into a monomer, and the
monomer is separated by gel filteration on a Superdex-75
column (Amersham bioscience, Piscataway, NJ, USA) and
then concentrated again. The spectra obtained from the
procedure were identical with previously reported spectra
of Nck SH3.1 (Park et al. 2006).

Expression and purification of 1-'3C selectively labeled
catalytic domain of calcineurin in a uniformly H'>N-
labeled background

1-1°C selective labeling in a uniformly *H'°N-labeled
background was applied to the catalytic domain of the
paramagnetic protein, calcineurin, which consists of 347
residues and has a molecular weight of 40 kDa. The cat-
alytic domain of human calcineurin Ax (CnCat), com-
prising residues 2-347 with substitutions Y341S, L343A,

and M347D was cloned in to the pGEX vector from
Amersham Biosciences as described previously (Aramburu
et al. 1999) The catalytic domain of calcineurin was ex-
pressed in Rosetta™ (DE3) E. coli cells (Novagen) at 37°C
and protein expression was induced for 24 h. Leucine and
valine selective labeling were tried. For each of the two
1-3C labeled samples, the cells were cultured in modified
H,O 2H'SN M9 Celtone media containing 8.5 g/L. Na,H-
POy, 3 g/LL KH,POy, 0.5 g/L NaCl, 2 mM MgCl,, 0.1 mM
CaCl,, 10 mg/ml FeCls, 10 mg/L ZnSO,, 1.5 g/L of *H
glucose, 1 g/L of >’NH,CI, and 1 g/L “H"°N Celtone® base
powder. Immediately after induction, 200 mg/L and
210 mg/L of 1-3C labeled leucine or valine were added,
respectively. Then, at 12 h after induction, the same
amount of the respective amino acids was added again to
each of the 1-'°C labeled samples. The cells were incu-
bated for another 12 h for a total of 24 h. Following
incubation, the cells were harvested and the protein was
purified as previously described (Roehrl et al. 2004).

Expression and purification of 1-'*C alanine selectively
labeled human voltage-dependent anion channel 1
(VDAC1) in a uniformly “H'°N-labeled background

Carbonyl-"*C alanine selectively labeled VDAC1 was ex-
pressed and purified as described in (Malia and Wagner
2007) with minor modifications. Briefly, the gene for the
VDACI was cloned in to the pET21 vector from Novagen.
VDAC1 with a C-terminal His-tag was expressed as
inclusion bodies in BL21 (DE3) E. coli cells (Novagen) at
37 °C. The cells were cultured in D,O *H'°N M9 Celtone
media containing 8.5 g/L Na,HPO,, 3 g/L KH,PO,, 0.5 g/
L NaCl, 2 mM MgCl,, 0.1 mM CaCl,, 1.5 g/L of *H
glucose, 1 g/L of "’NH,CI, and 1 g/L *H'N Celtone® base
powder. Immediately before induction, 522 mg/L of 1-'*C
labeled alanine was added. The total induction time was
3 hr. Inclusion bodies were isolated and VDACI was
purified by Ni-NTA affinity chromatography under dena-
turing conditions. The denatured VDAC1 was then re-
folded into LDAO micelles. As the final step of
purification, refolded VDACI1 was subjected to gel filtra-
tion chromatography. The buffer was then exchanged to
25 mM sodium phosphate (pH 5.0), 5 mM DTT, 1 mM
EDTA, and 5% D,0O for NMR experiments.

NMR experiments

NMR spectra were recorded on a Bruker Avance
500 spectrometer for Nck SH3.1 and a Bruker Avance 750
instrument for calcineurin and VDACI. All spectra were
recorded at 25°C in buffer containing 10 mM sodium
phosphate (pH 6.8), 100 mM NaCl, 3mM dithiothreitol
and 7% D,0. For Nck3.1, a "H-'">’N HSQC experiment
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without '*C decoupling was recorded with a spectral width
of 6,510 Hz for proton and 1,318 Hz for nitrogen; 512 and
256 complex data points were recorded for proton and
nitrogen, respectively. A 2D HN(CO) was recorded with
the same spectral width as the HSQC with 512 and 38
complexed data points for proton and nitrogen, respec-
tively. 4 and 16 scans were applied for each increment of
HSQC and HN(CO) experiments, respectively. Protein
concentrations were within the range of 0.33 to 1.0 mM.
For calcineurin in complex with the NFAT peptide, a
TROSY HN(CO) was recorded with a spectral width of
9,766 and 2,431 Hz with 512 and 56 complex data points
for proton and nitrogen, respectively. 72 scans were
accumulated for each increment. The protein concentra-
tions of the samples were 0.3 mM, and the NFAT peptide
was added at 1.2 molar ratio compared to calcineurin
(Aramburu et al. 1999). For VDACI1, a TROSY HN(CO)
was recorded with a spectral width of 9,766 and 2,355 Hz
with 512 and 42 complex data points for proton and
nitrogen, respectively. 640 scans were accumulated for
each increment. The protein concentrations of the samples
were 0.6 mM. All spectra were processed in Xwinnmr
(Bruker, Germany) or nmrPipe (Delaglio et al. 1995) and
analyzed with either Sparky (Goddard and Kneller 2002) or
CARA (Keller 2004).

Results and discussion

To evaluate the aforementioned approach, we first applied
the scheme to Nck SH3.1, an 8.2 kDa protein domain that
consists of 67 amino acids. Since this is a small test protein
we used protonated media. Bacteria were grown in H,O
with 'H glucose, and 15N Celtone base media rather than
D,0, ’H glucose and ’H'>N Celtone. Nck SH3.1 was
purified as previously described (Park et al. 2006). Protein
expression was induced for 24 h, which is a significantly
longer period than typically used for expression of selec-
tively labeled proteins. The long induction period is re-
quired for protein expression in a deuterated medium
because of the reduced expression rate compared to a
protonated medium. For example, deuterated calcineurin
can only be expressed at reasonable amounts with a 24 h
induction period. Only 1/5-1/10 of the final amount is
expressed after 3 h of induction, which is the typical
induction time used for the expression of N selectively
labeled proteins. 2D HN(CO) and 3¢ coupled 'H-N
HSQC spectra were recorded and analyzed using previ-
ously obtained assignments (Park et al. 2006). In 2D
HN(CO) spectra of the selectively 1-'°C labeled samples,
resonances for the residues following the 1-'>C labeled
amino acid are observed (Fig. 1a). In the '"H->N HSQC
spectra of the selectively 1-'C labeled samples,
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Fig. 1 (a) Section of 2D HN(CO) spectra of 1-'C valine selectively
labeled Nck SH3.1. Resonances in (a) correspond to those succeeding
1-13C labeled amino acids (indicated in parentheses). b and ¢ Sections
of *C coupled 'H-'N HSQC spectra of (b) uniformly '*N-labeled
and (¢) 1-'3C valine selectively labeled Nck SH3.1. Peaks with
decreased intensity (boxed) or split by ‘SN(i)—BC(i—l) coupling
(circled) are marked. For circled resonances in (c), the preceding
residues are indicated in parentheses
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resonances were perturbed in two different ways as
compared to those in the uniformly '°N-labeled sample
(Fig. 1b, ¢). (1) Some resonances exhibited decreased
intensity (boxed) resulting from the incorporation of one
type of (**N, 1-13C) labeled amino acid. (2) Other reso-
nances were split into three peaks (circled), due to
BN@G)-C(-1) coupling, which occurs for those resonances
that have 1-'*C-labeled amino acids as their predecessor.
For these resonances, the center peak represents the pop-
ulation of N-H groups facing '*C-in the preceding residue
(originating from the unlabeled amino acid in the Celtone
media) and the top and bottom peaks are doublet compo-
nents due to the presence '>C at the carbonyl position of the
preceding residue. The top and bottom peaks show
E.COSY type splitting, since both amide proton and
nitrogen couple with the same 1-'*C of the preceding
residue. The splittings in proton dimension are ~4.5 Hz
corresponding to the 2J;;.c coupling, while splittings in the
nitrogen dimension correspond to the 'Jy.c coupling. The
position of the doublet is slightly shifted up-field (~2.5 Hz)
in the nitrogen dimension due to the '*C isotope shift
caused by the preceding carbonyl carbon.

As mentioned above, 13C selective labeling allows for
the identification of the residues succeeding the 1-'3C la-
beled amino acids by comparing HN(CO) spectra of
selectively labeled sample with that of uniformly ""N'*C
labeled Nck SH3.1 (Fig. 2). From the HN(CO) spectra in
Fig. 2, it is obvious that 1-'*C incorporation for isoleucine,
leucine, tyrosine, and valine is very selective. For these
amino acids, no more than 5% incorporation of B¢
labeling for the non-targeted amino acids is observed
(Fig. 3). 1-"*C incorporation is also selective for alanine
and proline, with no more than 15% incorporation of '*C
labeling to non-targeted amino acids (Fig. 3). The absolute
13C-labeling ratio for these residues is calculated from the
volume of the center peak versus split peaks in a '°C
coupled HSQC spectra (Fig. Ic). Alanine, isoleucine, leu-
cine, proline, tyrosine and valine showed 53 + 6, 83 + 4,
80 +4, 88, 80 =2, and 75 + 8% incorporation of *C
atoms to carbonyl positions, respectively, which are suffi-
ciently high to provide useful information for difficult
systems. Glycine, glutamate, and glutamine are scrambled
to some specific amino acids, however. Glycine is metab-
olized to serine and tryptophan (Figs. 2f, 3e) by serine
hydroxymethyltransferase conversion of glycine to serine
and subsequent conversion of serine to tryptophan. Gluta-
mate and glutamine were metabolized to arginine, gluta-
mine/glutamate, and proline (Fig. 2d, e, and Fig. 3c, d).
Glutamate is the precursor of arginine, glutamine, and
proline, and glutamate and glutamine are inter-convertible
by transaminases. While the selectivity of labeling is not
perfect for these residues, the resultant metabolites for
glycine, glutamate and glutamine are limited to a specific

subset of amino acids. Thus, 1-3C selective labeling is
useful for these amino acids. The absolute '*C-labeling
ratio for glycine was 68% and <20% for glutamine and
glutamate. On the other hand, 1-'>C labeling of aspartate
and serine did not work well, because of extensive
scrambling, leading to the observation of resonances in
more than half of the observed signals. The absolute '*C-
labeling ratio for these residues is also quite low (<20%)
Since "N incorporation results in reduced resonance
intensity in 'H-'>N HSQC spectra, the resonances from tar-
geted amino acids can be identified. This is basically the
same information that can be obtained from '°N selective
labeling. The degree of '*N incorporation for each of these
resonances was calculated by comparing the intensity of the
resonances in each of the 14N, 1-3C selective labeling
experiments with those of the uniformly '*N-labeled sample
(Fig. 4). Comparison between 1-3C (Fig. 3) and 1N
incorporation (Fig. 4) revealed that 1-'3C incorporation is
remarkably specific compared to '*N incorporation. The
differences are quite obvious for isoleucine, leucine, and
valine. While scrambling compromises the effectiveness of
amide selective labeling for these residues, it does not occur
with the '*C atoms. For selective 1-'*C isoleucine labeling
experiment, 14N-labeling was also observed in alanine, leu-
cine, and valine; for the selective 1-3C leucine labeling
experiment, '*N-labeling was also observed in alanine, va-
line, and isoleucine; when providing 14N—valine, “N-label-
ing appeared in alanine at more than 0.7 times the amount of
that in valine. Instead, carbonyl '*C labeling remained
present solely in the specific amino acid that was added for
each experiment. As expected from the E. coli metabolic
pathway, amide selective labeling of aspartate, glutamate,
glutamine, and serine was not successful and no specific
incorporation is observed for these residues. This is strik-
ingly different from the selective 1-'>C labeling for gluta-
mate and glutamine, which retained sufficiently high
specificity to allow interpretation of the data. These results
show that for some residues, such as glutamine, glutamate,
isoleucine, leucine, and valine utilization of 1-13C labeled
amino acids presents a clear advantage over the conventional
amide labeling strategy alone by eliminating labeling
ambiguity for these amino acids. This result also indicates
that transaminases or other enzymes that scramble the “N
and "N nitrogens render conventional '°N labeling difficult
to apply for certain amino acids, which is consistent with the
literature (Mclntosh and Dahlquist 1990). Auxotrophic
strains could be used to avoid scrambling; however, growing
these strains in D,O media is often challenging. In addition, it
requires maintaining a battery of auotrophic strains. Alter-
natively, one might want to use an in vitro expression system
for these residues. '*N-glycine was metabolized to "*N-ser-
ine and "*N-tryptophan as was 1-'°C labeling. As seen in
Fig. 4, we found that "*N incorporation for alanine was over
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70% and quite specific to alanine. '
also selective for the targeted amino acid. For these residues,
the labeling strategy provides both the labeled amino acids
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“N-tyrosine labeling was

'H chemical shift {(ppm)

strategy.

'H chemical shift (ppm)

1-3c serine, kK 1-3c tyrosine, and 1 1-'3C valine selectively labeled
Nck SH3.1. Resonances correspond to those succeeding 1-'*C labeled
amino acids (indicated in parentheses)

and their successors, which doubles the amount of infor-
mation compared to the conventional amide labeling
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Fig. 3 Summary of '*C incorporation for a 1-'>C alanine, b 1-'*C
aspartate, ¢ 1-'°C glutamine, d 1-'>C glutamate, e 1-'>C glycine, f
1-'3C isoleucine, g 1-'3C leucine, h 1-13C proline, i 1-13C serine, j
1-3C tyrosine, and k 1-'>C valine 1-'°C selectively labeled Nck
SH3.1. '*C incorporation ratio relative to the '*C incorporation to the

The strategy described here was then applied to the
40 kDa catalytic domain of the phosphatase calcineurin,
which contains a paramagnetic Fe>" in its catalytic center.
Since it is difficult to back exchange a significant portion of
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targeting residues is shown. Standard error bars were calculated using
data from each amino acid type for each experiment. '*C-labeling of
lysine was used for VDACI and it was found that there is no serious
scrambling, and the data could be used for assignments

the amide protons when it is expressed in D,O, we used
H,O0 instead of D,O while the other media components are
all deuterated, such as ’H glucose, and ’H'SN Celtone base
media. This procedure is known to deuterate a protein to a
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Fig. 4 Summary of >N labeling ratio for a 1-'*C alanine, b 1-'*C
aspartate, ¢ 1-'°C glutamine, d 1-'>C glutamate, e 1-'>C glycine, f
1-3¢c isoleucine, g 1-13¢ leucine, h 1-3C serine, i 1-3C tyrosine, and
j 1-°C valine 1-'°C selectively labeled Nck SH3.1. The '°N-labeling

sufficient level (Lohr et al. 2003). If limited back exchange
is not a problem, or for applications to larger molecular
weight systems, one can simply use D,O instead of H,O.
Labeled calcineurin was purified as previously described

@ Springer

ratio was calculated by comparing the intensity of each resonance in
the HSQC spectra of the selectively and the uniformly >N labeled
sample. Standard error bars were calculated using data from each
amino acid type for each experiment

(Roehrl et al. 2004). Figure 5 shows 1-13C Leu-or Val-
labeled *H' N calcineurin resonances in complex with the
NFAT peptide, a binding partner of the protein. 25 of 37
and 16 of 25 resonances are clearly observed in the 1-'°C
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Fig. 5 2D TROSY-HN(CO) spectra of (a) 1-'*C leucine and (b)
1-C valine selectively labeled *H'’N calcineurin bound to the
NFAT peptide. Assignments for the observed resonances are labeled.
The assignments for preceding residues are also shown in parentheses

Leu-and Val-labeled spectra, respectively. While we lose
about 30% of the resonances, due to paramagnetic broad-
ening, the ratio of observed resonances is similar to the
ratio of resonances that is observed in TROSY spectra of
the protein. The method was also successfully applied to
the 30 kDa mitochondrial membrane protein VDACI,
which has an effective molecular weight > 60 kDa, due to
its incorporation into a detergent micelle. The protein
exhibits extensive signal broadening due to apparent
monomer/multimer chemical exchange (data not shown).
Figure 6 shows a TROSY HN(CO) spectrum of a 1-'*C
Ala, U-2H,15N-VDAC1 sample. Of the 21 alanine succes-
sors, 16 could be assigned with the aide of this experiment.
These results prove the ability of this labeling strategy to
reduce ambiguity in the mainchain assignment of large
molecular weight proteins.

In conclusion, 1-3C selective labeling in a 2HN
background was successfully applied to systems larger than
40 kDa. As shown here, this method is also more
informative, cost effective and specific than other it
in vivo selective labeling strategies published thus far,
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