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Spin systems in proteins

C

H

H

C

C

C

C

C

C

H

H

H

H C

H

H

C

H

H

C

H

H

H

C C

C

C C

C

HH

H H

H

O

O

O

C

C

C

H

H

HH

H

H

H

N

NH

H

C

NH

H

H

H C

H

H

C

H

H

C

H

H

H

C C

C

C C

C

HH

H H

H

O

O

O

C

C

C

H

H

HH

H

H

H

N

NH

H

C

C

N

C

H

H

H

H

H

H

H

H

H

H

H

C C

C

C C

C

HH

H H

H

O

O

O

H

H

HH

H

H

H

N

NH

H

C

C

C

C

N

C

C

H

H

H

H C

H

H

C

H

H

C

H

H

H

HH

H H

H

O

O

O

C

C

C

H

H

HH

H

H

H

N

N

C

C

C

C

N

C

C

C

C

C C C

C

C C

C

O

O

O

C

C

C

N

N

N

C

C C C

C

C

CC

C C C

C C

C

CC

H

H

H

H

H H

H

HH

H

H

H

H

H H

H

H

H

HH
HH

H H

H

A B C D E

C

C

C



Presaturation
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1H-15N HSQC
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HNCA, a triple resonance experiment
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amino acid NMR Cβ chemical shift
G G no Cβ

A A < 25 ppm
C,E,H,K,M,P,Q,R,V,W O 25 to 36 ppm
D,F,I,L,N,Y,C (S-S) X 36 to 45 ppm
S,T U 55 to 70 ppm
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a = HNCACB
b = CBCA(CO)NH

a b a b a b a b a b a b a b a b a b a b

structure of MUP determined in the crystal (14). The solution
data support the existence of the eightâ-strands, a long
R-helix (residues 128-139), and a short 310-helix (residues
12-15) that exist in the crystal structure. InterstranddNN

NOEs confirmed folding of theâ-sheets into the lipocalin
barrel. In particular, NOEs between strands A and H
indicated that the barrel was closed. Several expected

interstranddRN NOE transfers were also observed, but their
assignment was often equivocal due to resonance overlap
(data not shown). An additional turn of helix present in the
crystal structure (residues 29-32) may also be present in
solution but cannot be unequivocally identified based on the
current data. The expected tertiary structure was further
supported by the existence of a disulfide bond between Cys-

FIGURE 2: Details of1H-15N HSQC spectra of rMUP-I with (A) 0, (B) 0.5, and (C) 2.0 molar equiv of 2-sec-butyl-4,5-dihydrothiazole.
Panel D shows a spectrum corresponding to (C) but obtained with the nonchiral analogue 2-isobutyl-4,5-dihydrothiazole as the ligand.
Examples of well-resolved peaks corresponding to free protein (circles) and to protein-pheromone complex (boxes) are marked in panels
A-C. Peaks split into pairs in the saturated protein-pheromone complex are indicated with arrows and labeled with the corresponding
residue numbers. Labeled arrows in panel D indicate that the corresponding peaks are not split when the ligand is nonchiral.

FIGURE 3: Strips taken from the CBCA(CO)NH (left from the residue label) and HNCACB (right from the residue label) spectra at the
amide1H and15N chemical shifts of residues 80-90. Horizontal lines indicate sequential connectivities, and asterisks mark the overlapping
peaks (in1H and15N dimensions). Positive peaks are shown as solid contours, and negative peaks are shown as dotted contours.
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