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1. INTRODUCTION 

In the last few years substantial progress has been 
made in assigning the NMR signals of proteins having 
molecular weights in the 15-20 kDa range, One ap- 
proach to obtain backbone assignments has been to 
apply a variety of double resonance two- and three- 
dimensional (2D and 3D) NMR cxperimcnts to proteins 
containing amino acids labeled with *H, ‘“C and/or 15N 
[l-5]. More recently it has been shown [6,7] that com- 
plete backbone assignments can be obtained more cffi- 
ciently by applying sophisticated triple resonance 3D 
NMR techniques to proteins that are uniformly cnrich- 
ccl with 15N and IIN. Once backbone assignments are 
made, recently developed 3D ‘H-‘%I experiments [7- 113 
are an attractive way to extend the assignments to the 
sidechains. Herein we show that a combination of the 
HCCH-COSY [7,9,10] and HCCH-TOCSY [7,1 l] 3D 
experiment:, provide a particularly effective way to ob- 

tain assignments of sidechain protons and carbons of 
complex amino acids of staphylococcal nuclease 
(SNasc) an enzyme containing 149 amino acids. 
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Abbreviations: COSY, correlated spectroscopy; TOCSY, total 
related spectroscopy; HCCH-COSY, 3D ‘H-“C-“C-‘H correlation 
spectroscopy via ‘JCC carbon couplings; HCCH-TOCSY, 3D 
1H-13C-13C-‘H total correlation spectroscopy with isotropic mixing of 
‘“C magnetization; NMR, nuclear magnetic resonance; NOESY, 2D 
nuclear Overhauser effect spectroscopy; HMQC, heteronuclear 
multiple quantum correlaiioii spectroscopy: HOHAHA, 
homonuclcar Hartmann-Hahn spectroscopy; DANTE, delays alter- 
nating with nutation for tailored excitation; DIPSI, decouping in the 
presence of scalar interactions 

Sequential assignments of ca. 900/, of the amide 
nitrogen, amide proton and Lx-proton signals of SNasc 
have been reported [l-3,12]. Except for a few residues 
in the disordered N-terminus of the protein, the 
assignments of the rr-protons have been completed, us- 
ing ‘H-“N NOESY-HMQC and HOHAHA-HMQC 
spectra [ 13,141 together with HCCH-COSY and 
HCCH-TOCSY spectra. In contrast with the nearly 
complete set of backbone assignments, only the proline 
sidechains [ 121, the aromatic sidechains [IS] and some 
of the smaller sidechains [l-3] have been assigned. 
Perhaps the most difficult assignment problem involves 
the Lys residues because (i) the protein contains 23 Lys 
residues [16], and (ii) each residue contains a large 
number of protons whose signals resonate in a narrow 
spectral range. Assignment of the 11 Leu sidechains is 
also a challenge because, in addition to poor signal 
dispersion of the sidechain proton signals, the @- 
protons have small TZ values because the Leu sidechains 
are normally buried and immobile. Assignment of these 
complex sidechains is important since it opens the way 
to study structure and dynamics at the protein active 
site, surface and hydrophobic core. 

Published by Elsevier Science Publishers B. V. 

In our ititial attempt to assign these residues, we (i) 
obtained 2D I-IOHAHA spectra of deuterated proteins 
in which either the Lys or Leu residues were protonated, 
(ii) obtained 15N edited NOESY spectra of proteins tliat 
were labeled with either [“N]Lys or [“N]Leu, and (iii) 
obtained 13C edited NOESY spectra and “C edited 
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Fig. 1. Comparison of Fl/F3 slices of (a) the 3D HCCH-COSY and (b) the 3D MCCM-TOCSY spectra of SNase. The P2 coordinate, S9.9 ppm, 
of each slicecorresponds to the “C chemical shift of the carbons attached to the protons on the diagonal. The correlations within the dashed boxes 

arise from residues whose n-carbon signals are centered in adjacent slices. 

34 



Fig. 2. A set of PI/F3 slices from the 3D HCCH-TOCSY spetrum of SNase showing the Lys-133 aliphatic proton correlarions. The F2 coordinate 
of each slice corresponds to the chemical shift of the indicated aliphatic carbon. The proton assignments are indicated at the Lop of the figure, 

and the heavy dotted line defines the diagonal in each slice. 



Fig. 3. A set of FI/F3 slices from the 3D HCCH-TOCSY spectrum of SNase showirq rhc Leu-103 aliphatic correlations, The F2 coordinate of 
each slice corresponds to the “C chemical shift of ihe indicated aliphatic carbon. The proton assignments are indicated at the top of the figure, 

arld the dotted lines define the diagonal in each slice. 

values [17]. This is a consequence of the fact that many 
of the proton of the buried Lys-133 sidechain ex- 
perience ring current shifts as a consequence of their 
proximity to the Trp-140 sidechain [18]. It is notewor- 
thy that strong correlations are observed for Lys-133, 
an inflexible sidechain expected to have short TZ values. 

The HCCI-I-TOCSY spectrum (Fig. 3) of Leu-103, 
another residue having a large buried sidechain, ex- 
hibits correlations among all of its aliphatic protons.. 
Systematic examination of the SNase HCCH-COSY 
and I-ICCW-TOCSY spectra, together with the known 
cr-proton assignments, has the yielded assignments 
(Table I) of all aliphatic protons and carbons of all Lys 
and Leu residues except Lys-5. (Lys-5 and Lys-6 are in 
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the disordered N-terminus of the protein and appear to 
have essentially identical aliphatic chemical shifts.) 

The sidechain assignments open the way for studies 
of SNase solution structure using heteronuclear edited 
3D NOESY spectroscopy [13,14,19,20] and SNase 
dynamics by means of 13C relaxation measurements. 
Lys-84 is in the active site while Lys-45, -48 and -49 are 
in the functional omega loop at the active site. While 
most lysine sidechains are near the protein surface, a 
few lysine sidechains and al! leucine sidechains are 
buried, with Leu-36, -31 and -38 located in the 
hydrophobic core of SNase. Therefore the assignments 
provided herein make it possible to probe the structure 
and dynamics at many important sites in SNase. 



L7 122.2 L1,26 $4.9 4,$6 41.8 I,77 1.77 28. I 1 d30 24.9 22.1 0.94 1 .a4 
I, I4 125,l 9.03 56.9 4.14 43,1 l,IS 1.94 37-a 128 23.3 27.0 0.76 0.91 
b 2s t27.3 !I,34 53.3 f.30 45.8 1.78 1.44 27.0 I .48 25.4 24.8 0.02 0.75 
L 36’ 124-9 8.32 56.4 J&s 42,s I#51 I.65 28.X I ,70 24.4 26.2 0.76 0.711 
L 37 122.0 7.43 56.3 3.95 45.9 0.75 I.08 27.8 I-28 26.6 26.5 cl,41 1.19 
L 38 111,7 9.35 56.4 4.33 JO.8 I,92 2.29 27.9 I.92 28.3 25.1 1.13 1.19 
I.. 89 I‘?&1 8.25 52,9 5.22 43.3 I,70 1.13 25.9 I.48 25.2 22.2 O,6? O-61 
L 103 ll5,6 7.92 57.9 3.32 45.9 I,02 I .72 27.3 I .64 27.0 24.Q 0.79 (X90 
L IO8 115.4 7.77 53.7 4,29 44.a 1.22 I .43 2G.S I,22 25.8 22.7 0.48 0.74 
I. 125 118.3 8.04 58.8 3.95 41.5 1.44 I ,92 28.X I.86 23.8 26,4 0.79 0.97 
I. 137 117,l 7.55 55.2 4.18 44.5 1.37 I .53 26.9 I .69 23.0 25.5 0.86 I ,a2 

“In ppnl. 
“Hclntivc to [he water signal at 4,64 ppm in ‘Hz0 and at 4.66 ppm in Hz0 at 37V, uncertainty 0.02 ppm, 
‘Rclntivc to hypothetical internal (trimcthylsilyl propionic acid, 
“liclativc to liquid NH). 
‘The superscripts I and 2 scrvc to distinguish n~ethylcne protons and arc not meant to imply srcrcospcclfic assignments. 
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