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Abstract Nanobodies are single chain antibodies that are

uniquely produced in Camelidae, e.g. camels and llamas.

They have the desirable features of small sizes

(Mw \ 14 kDa) and high affinities against antigens

(Kd * nM), making them ideal as structural probes for

biomedically relevant motifs both in vitro and in vivo. We

have previously shown that nanobody binding to amyloi-

dogenic human lysozyme variants can effectively inhibit

their aggregation, the process that is at the origin of sys-

temic amyloid disease. Here we report the NMR assign-

ments of a new nanobody, termed NbSyn2, which

recognises the C-terminus of the intrinsically disordered

protein, human a-synuclein (aS), whose aberrant self-

association is implicated in Parkinson’s disease.
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Biological context

Heavy-chain antibodies (HCAb) are uniquely produced in

Camelidae with a single chain to achieve antigen recog-

nition as compared to four chains—two heavy and two

light chains—in conventional antibodies (Hamers-Cas-

terman et al. 1993). As a result of the single-chain domain

architecture of the variable domain of HCAbs (VHH), there

are only three hypervariable loops (H1-3) available to

achieve antigen recognition instead of six loops (H1-3 and

L1-3) in conventional antibodies. The reduced number of

hypervariable loops for antigen binding in VHHs is in part

compensated by a much longer H3 and increased sequence

variability in H1 that serve to expand the conformational

space accessible to the hypervariable loops. These loops

can generate a large repertoire of sequences for antigen

recognition by forming a large interaction surface, which

can be either flat or convex, enabling VHHs to bind in the

clefts of target molecules, such as enzyme active sites,

locations that are usually inaccessible to conventional

antibodies (De Genst et al. 2006).

VHHs isolated by phage-display are commonly referred

to as Nanobodies (Nbs). Given the versatility, the high

expression yield and the typically high thermal and

chemical stabilities of Nbs, they have become an attractive

tool for studying molecular recognition phenomena in

protein aggregation. We have previously shown that the
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binding of an Nb variant, cAb-HuL6, to the amyloidogenic

D67H and I56T variants of human lysozyme can effec-

tively inhibit the formation of amyloid fibrils in vitro

(Dumoulin et al. 2003). This has led to further develop-

ments of other Nbs that target different regions of the

human lysozyme variants with similar inhibitory effects

against protein aggregation (Chan et al. 2008). Nbs have,

for example, the potential to be elicited towards, and to be

able to detect, transiently populated oligomeric forms of

aggregation-prone proteins whose structural epitopes may

be absent or different from their monomeric counterparts

(Chiti and Dobson 2008).

We have recently identified an Nb, termed NbSyn2,

which has been elicited against human a-synuclein (aS), an

intrinsically disordered protein with a molecular weight of

14 kDa. Fibrillar aggregates of aS are the main constituent

of Lewy bodies—the cellular hallmarks of Parkinson’s

disease (Spillantini et al. 1997). Despite the absence of a

defined three-dimensional structure of aS, NbSyn2 is able

to recognise the C-terminus of the monomeric protein with

high affinity (Kd * 10 nM). Importantly, we have

recently found that NbSyn2 is able to bind to oligomeric

and fibrillar forms of aS (unpublished data). This Nb has,

therefore, great potential to be used as a molecular probe of

the structures and dynamics of aS both in vitro and in vivo.

In order to obtain further insights into the mechanism by

which NbSyn2 recognises different forms of aS, we aim to

carry out detailed structural elucidation and interaction

studies on the aS-NbSyn2 system using solution state NMR

spectroscopy. Here, we report the 1H, 15N and 13C

assignments of NbSyn2 in its free form, making it the third

set of NMR assignments of VHHs to be discussed in the

literature to date (Vranken et al. 2002; Renisio et al. 2002).

Methods and experiments

The DNA sequence of NbSyn2 was cloned into an

expression vector with a hexahistidine (His6) tag at its C-

terminus. 13C/15N labelled protein was expressed in the E.

coli strain WK6 grown in minimal (M9) media containing

1 g/L 15NH4Cl and 3 g/L 13C D-glucose. The protein was

subsequently purified a Ni-column (Ni–NTA Superflow;

Qiagen) followed by gelfiltration chromatography (Super-

dex 75 16/60; Pharmacia) to[95% homogeneity as judged

by SDS–PAGE. The purified protein was then concentrated

to ca. 300 lM and buffer-exchanged into 20 mM sodium

acetate at pH 4.8.

The resonance assignments were achieved following a

computer-aided procedure as described previously (Hsu

et al. 2009). All experiments were carried out at 25�C using

a Bruker Avance 700 MHz spectrometer equipped with a

cryogenic triple resonance probe (Bruker BioSpin). Briefly,

HNCA, CBCA(CO)NH, HNCACB, HNCO and 15N-

TOCSY-HSQC spectra were recorded for backbone

assignments, and 2D constant-time [13C–1H] HSQC, 3D

[13C,15N]-simultaneously edited NOESY-HSQC, 3D

HcCH-COSY and 3D HCCh-TOCSY spectra were recor-

ded for side-chain assignments. All NMR data were pro-

cessed and analysed by TopSpin (Bruker BioSpin),

NMRPipe (Delaglio et al. 1995) and Sparky (

http://www.cgl.ucsf.edu/home/sparky/) software packages.

Fig. 1 Assignments of the 2D

[15N–1H] HSQC spectrum of

NbSyn2 recorded at 25�C and at

a 1H frequency of 700 MHz.

Pairs of side-chain NH2

resonances are connected by

horizontal lines and aliased

side-chain resonances are

boxed. Red crosses indicate the

positions of severely broadened

correlations
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Extent of assignment and data deposition

We have assigned 97% of the expected backbone 1H–15N

correlations (117 out of 121). The missing ones correspond

to C97, F101, S102 and C106. The latter three residues

may be partially solvent exposed in the loop regions based

on homology modelling (not shown). In addition, 98% of
1Ha (123 out of 126), and 94% of all 13CO, 13Ca and 13Cb
(338 out of 359) resonances of NbSyn2 have been

assigned. The overall completeness of the assignments

(excluding aromatic side-chains) is 95% (1,269 out of

1,330 atoms). Most missing assignments correspond to Cd
of glutamates and Cc of arginines and cysteines. Note that

G26 exhibits a clear minor conformation in the HNCACB

and CBCA(CO)NH spectra, showing distinct chemical

shifts along the 1HN and 15N dimensions, while those of the

corresponding Ca and Cb are very similar. Based on

homology modelling, G26 is located in a b-turn region next

to H1. Additionally, G53, K100 and G119 exhibit very

broad lines in the fingerprint region of the [15N–1H] HSQC

spectrum of free NbSyn2, indicative of conformational

fluctuations and/or solvent exchange of the amide protons

of these residues (Fig. 1). Solvent exchange-related line

broadening is particularly pronounced for the loop resi-

dues; a large number of [15N–1H] correlations of these

residues become broadened beyond detection when the pH

value is increased from 4.8 to 7.4 (data not shown). The

assignments have been deposited in the BMRB under the

accession number 16305. The secondary structure pro-

pensities derived from secondary chemical shifts are

included as electronic supplementary material.
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Renisio J-G, Pérez J, Czisch M, Guenneugues M, Bornet O, Frenken

L, Cambillau C, Darbon H (2002) Solution structure and

backbone dynamics of an antigen-free heavy chain variable

domain (VHH) from Llama. PROTEINS 47:546–555

Spillantini M, Schmidt ML, Lee V, Trojanowski J, Jakes R, Goedert

M (1997) a-Synuclein in Lewy bodies. Nature 388:839–840

Vranken W, Tolkatchev D, Xu P, Tanha J, Chen Z, Narang S, Ni F

(2002) Solution structure of a llama single-domain antibody with

hydrophobic residues typical of the VH/VL interface. Biochem-

istry 41:8570–8579

1H, 13C and 15N assignments of a camelid nanobody directed against human a-synuclein 233

123


	1H, 13C and 15N assignments of a camelid nanobody directed against human &agr;-synuclein
	Abstract
	Biological context
	Methods and experiments
	Extent of assignment and data deposition
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


