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Biological context

Apolipophorin III (apoLp-III) is a protypical ex-
changeable apolipoprotein found in many insect
species.Locusta migratoriaapoLp-III is a 164-residue
helix-bundle protein (17.6 kDa). The X-ray structure
of this protein was solved in 1991 (Breiter et al.,
1991). ApoLp-III functions in the transport of dia-
cylglycerol (DAG) from the fat body lipid storage
depot to flight muscles in the adult life stage of
the insect. This is in response to the adipokinetic
hormone-stimulated activation of fat body triacylglyc-
erol lipase, which converts triacylglycerol into DAG.
Newly generated DAG is then loaded onto pre-existing
high density lipophorin (HDLp), a process that en-
larges the HDLp to low density lipophorin (LDLp),
with some of the DAG partitioning onto the lipophorin
phospholipid surface (Wang et al., 1995). The surface
located DAG disrupts the phospholipid monolayer sur-
face and creates binding sites for apoLp-III, which
trigger the binding of up to 16 apoLp-III. LDLp cir-
culates through hemolymph and DAG is removed and
delivered to flight muscle tissue. This process removes
surface located DAG, causing apoLp-III to dissociate
from the particle, regenerating HDLp to complete a
shuttle cycle.

Recently, we determined the NMR structure of an-
other insect apolipoprotein,Manduca sextaapoLp-III
which shares 29% sequence identity withL. migra-
toria apoLp-III (Wang et al., 1997, 2000). As with
the X-ray crystal structure ofL. migratoriaapoLp-III,
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M. sextaapoLp-III adopts a five helix-bundle structure
in the absence of lipid, arranged with the hydrophobic
faces directed towards the interior, and the hydrophilic
faces oriented towards the solvent. The helices are
connected by short loops, giving rise to a compact
globular structure. A short helix, which connects he-
lices 3 and 4, is observed in this structure. This short
helix, located at one end of the molecule, adopts an
orientation nearly perpendicular to the long axis of
the bundle and is fully exposed to solvent. We pro-
pose that the short helix functions in the recognition
and/or initiation of apolipoprotein-lipoprotein interac-
tions. A mutant apoLp-III, in which the short helix
was replaced by aβ-turn, displays defective lipopro-
tein binding properties, in support of this hypothesis
(Narayanswami et al., 1999). A similar short helix also
exists in the published X-ray crystal structure ofL. mi-
gratoria apoLp-III. This short helix was not noted in
the original paper (Breiter et al., 1991), but is observed
in the PDB file deposited in the Brookhaven Protein
Databank (PDB code: 1AEP). In order to confirm the
existence of this short helix in solution, we have car-
ried out NMR studies ofL. migratoriaapoLp-III. Here
we report complete1H, 15N, and13C assignments of
this protein.

Methods and experiments

An efficient expression system forL. migratoria
apoLp-III has recently been developed (Weers et al.,
1998). Isotope labeling of apoLp-III was achieved
by expressing the protein in M9 minimal medium,
in which NH4Cl was replaced by15NH4Cl or/and
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Figure 1. 500 MHz 1H-15N HSQC spectrum ofL. migratoria
apoLp III obtained at 30◦C. The resonance assignments are listed
next to the resonances with the one letter amino acid code and
residue numbers.

glucose was replaced by13C-glucose-C6 for 15N-
labeled or 13C/15N double labeled apoLp-III. The
yield was> 75 mg/liter for 13C/15N double labeled
apoLp-III, and> 100 mg/liter for15N labeled apoLp-
III. The NMR sample contained 200 mM phosphate
buffer (pH 6.4), 0.01% NaN3 and 1 mM 13C/15N
labeled protein in 95% H2O/5% D2O. The chem-
ical shift was referenced using DSS (2,2-dimethyl-
2-silapentane-5-sulfonate) at 0.0 ppm. All NMR
experiments were acquired at 30◦C on a Varian
INOVA 500 spectrometer equipped with a triple-
resonance, z-axis gradient probe. NMR data process-
ing was achieved using NMRPipe and NMRDraw
software (Delaglio et al., 1995), and analyzed with
PIPP (Garrett et al., 1991). The NMR experiments
performed included sensitivity-enhanced 2D1H-15N
HSQC, CT-1H-13C HSQC, 3D HNCACB, CBCA-
CONNH, HNCO, (HB)CBCACO(CA)HA and 3D
15N-edited NOESY and15N-edited TOCSY for back-
bone atom assignment (Zhang et al., 1994), and
15N-edited TOCSY and HCCH-TOCSY for side chain
assignment (Kay et al., 1993). Figure 1 shows the1H-
15N HSQC spectrum ofL. migratoria apoLp-III with
assignments for the cross peaks indicated with amino
acid type (one letter code) and residue number.

Extent of assignments and data deposition

A complete assignment of protons, including back-
bone and side chain atoms,15N and 13Cα, 13Cβ

was achieved for all residues including the first
residue arginine 1 (R1). The fact that we ob-
served the amide proton of R1 indicated it is pro-
tected from exchange with D2O, due to some un-
known structural reasons. The chemical shift data
described herein has been deposited in the BioMag-
ResBank (http://www.bmrb.wisc.edu) under BMRB
number 4814.
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