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Prion disorders are infectious diseases that are characterized by the conversion

of the cellular prion protein PrPC into the pathogenic isoform PrPSc. Specific

antibodies that interact with the cellular prion protein have been shown to

inhibit this transition. Recombinant VHHs (variable domain of dromedary

heavy-chain antibodies) or nanobodies are single-domain antibodies, making

them the smallest antigen-binding fragments. A specific nanobody (Nb_PrP_01)

was raised against mouse PrPC. A crystallization condition for this recombinant

nanobody was identified using high-throughput screening. The crystals were

optimized using streak-seeding and the hanging-drop method. The crystals

belonged to the orthorhombic space group P212121, with unit-cell parameters

a = 30.04, b = 37.15, c = 83.00 Å, and diffracted to 1.23 Å resolution using

synchrotron radiation. The crystal structure of this specific nanobody against

PrPC together with the known PrPC structure may help in understanding the

PrPC/PrPSc transition mechanism.

1. Introduction

Transmissible spongiform encephalopathies (TSEs) or prion diseases

are a class of fatal mammalian transmissible neurodegenerative

diseases. Notable examples of TSEs include bovine spongiform

encephalopathy (BSE), commonly known as mad cow disease; in

humans, it is known as new variant Creutzfeldt–Jakob disease (CJD).

These disorders are associated with the conversion of the normal

cellular prion protein PrPC to its pathogenic isoform PrPSc (Watts

et al., 2009). Prion diseases are characterized by long incubation

periods, spongiform changes and the accumulation of misfolded

protein deposits. TSEs can arise sporadically, can be inherited or can

be transmitted by the infectious form of the prion PrPSc (McKintosh

et al., 2003). The critical event in disease transmission is believed to be

the conversion of a monomeric protease-sensitive cellular prion

protein, PrPC, into a protease-resistant oligomeric form, PrPSc

(Birkmann & Riesner, 2008).

Previous research has indicated that the transition of PrPC into

PrPSc can be inhibited by antibodies in vitro and in vivo (Antonyuk et

al., 2009). Hence, finding specific PrPC antibodies which can inhibit

the transition could help in understanding the pathogenic transition

from PrPC to PrPSc.

Camelidae antibodies are a class of immunoglobulins that lack

light chains; they are named heavy-chain antibodies and are also

referred to as nanobodies (Nbs; Van den Abbeele et al., 2010). Nbs,

which are composed of a single domain, are thus some of the smallest

antigen-binding fragments and possess all of the features of

conventional antibodies (Lam et al., 2009). However, previous

biophysical studies have revealed that camel antibodies possess a

number of unique features that are not exhibited by conventional

antibodies. A particular advantage is their small size (15 kDa), high

solubility and stability (Saerens et al., 2005). Nbs have three hyper-

variable regions named complementarity-determining regions

(CDRs) which may interact with the antigen in concert or indepen-

dently.

All of these features make Nbs interesting for a broad range of

applications such as enzyme inhibition and as diagnostic and ther-
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apeutic agents (Smolarek et al., 2010) and more recently as crystal-

lization chaperones (Korotkov et al., 2009; Lam et al., 2009).

To date, several structures of nanobody–protein complexes have

been deposited in the PDB; however, only a few structures of a

nanobody alone are found. This might be a consequence of the high

flexibility of nanobody CDRs, which renders the crystallization of the

nanobody alone a difficult process. Homologues of our Nb_PrP_01,

with identities in the range 60–70%, are present in the PDB; however,

none of them have shown the exceptional high resolution that we

have obtained.

Here, we report the crystallization of a specific nanobody

(Nb_PrP_01) raised against mouse PrPC (moPrPC) in llama.

2. Experimental procedure and results

2.1. Nanobody production, expression and purification

A llama (Lama glama) was injected subcutaneously with recom-

binant moPrPC (23–230). Selection and extraction of the nanobody

(Nb_PrP_01) was performed as described previously (Conrath et al.,

2001).

The nanobodies of interest were cloned into an Escherichia coli

expression vector (pHEN6) with a His tag at the C-terminal end.

The pHEN6 vector carries a pelB signal peptide for recombinant

expression in the periplasm (Conrath et al., 2001). The plasmid was

then transformed into E. coli WK6 expression strain. A freshly

transformed colony was grown overnight in LB medium containing

ampicillin (100 mg ml�1) and 1% glucose to make the preculture.

The following day, 10 ml preculture was added to 1 l TB medium

(supplemented with 100 mg ml�1 ampicillin, 2 mM MgCl2 and 0.1%

glucose) and grown at 310 K until an OD600 of 0.7 was reached.

Recombinant nanobody expression was induced by addition of IPTG

(1 mM) and incubation overnight at 301 K.

Recombinant His-tagged nanobody was purified from E. coli WK6

cells after periplasmic extraction (Lauwereys et al., 1998) by adding

Ni–NTA chelating beads (Qiagen) to the lysate (the lysis buffer was

0.2 M Tris pH 8.0, 0.5 mM EDTA, 0.5 M sucrose). The beads were

poured into an empty column (PD10) and washed extensively with

washing buffer: 50 mM Na2HPO4, 1 M NaCl pH 7 followed by 50 mM

NaH2PO4, 1 M NaCl pH 6.0. Purified nanobody was obtained after

elution with 10 ml 50 mM sodium acetate pH 4.7 and was immedi-

ately neutralized by collecting it in tubes containing 2 ml 1 M Tris–

HCl pH 7.5. The nanobody was further purified by gel filtration on a

Superdex 75 HR 10/30 column equilibrated in 20 mM Tris–HCl pH

7.5, 150 mM NaCl; fractions containing 99% pure nanobody were

pooled and concentrated using an ultrafiltration unit (3000 molecular-

weight cutoff, Millipore). The protein concentration was estimated

from the A280 as determined using a NanoDrop spectrophotometer

(Thermo Scientific) using a value of 21 555.0 M�1 cm�1 for the

extinction coefficient and the protein was stored at 277 K; 1 l of

culture yielded 10 mg of pure protein (Fig. 1).

2.2. Protein crystallization

An extensive screening of crystallization conditions was performed

using eight commercial screens from Hampton Research and Jena

Bioscience (Index, Crystal Screen, Crystal Screen 2, PACT, JCSG,

JBScreen Classic 1–4 HTS, JBScreen Classic 5–8 HTS and JBScreen

Basic HTS) and three different protein concentrations (10, 30 and

71 mg ml�1) in 96-well Intelli-Plates (Art Robbins Instruments) set

up using a Phoenix crystallization robot (Art Robbins Instruments).
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Figure 1
(a) Size-exclusion chromatography peak of Nb_PrP_01 on Superdex 75 HR 10/300;
the running buffer was 20 mM Tris–HCl pH 7.5, 150 mM NaCl. (b) SDS–PAGE of
purified Nb_PrP_01 (15% polyacrylamide gel stained with Instant Blue). Lane 1,
molecular-weight markers (labelled in kDa); lane 2, Nb_PrP_01 (1 ml).

Figure 2
Crystals of Nb_PrP_01 grown in a seeded hanging drop in a 24-well Hampton
Research plate.

Figure 3
A representative 1� oscillation image of data collected from a crystal of Nb_PrP_01
using synchrotron radiation. The image was collected from a crystal cryocooled at
100 K using an ADSC Q4 detector on the ID14-2 beamline at ESRF, Grenoble,
France.



The sitting-drop vapour-diffusion method was used, with 100 nl

protein sample mixed with an equal volume of screening solution.

Although eight different screens were used, only condition C10 from

JB Screen Basic HTS (catalogue No. CS-203; 30% PEG 4000, 0.2 M

MgCl2, 0.1 M Tris pH 8.5) produced one crystal at 293 K (Fig. 2) at

the highest protein concentration (71 mg ml�1). The crystal appeared

in 3 d and reached maximum dimensions of 0.16� 0.12� 0.12 mm in

6 d. The crystal was reproduced in 24 h by streak-seeding (with a cat

whisker) from the original drop into six hanging drops (in a 24-well

plate from Hampton Research), in which the PEG 4000 concentra-

tion was varied from 24 to 34% with a 2% increment. Crystals from

seeding were smaller in size (0.1 � 0.05 � 0.05 mm). A data set was

collected from a crystal grown in 28% PEG 4000, 0.2 M MgCl2, 0.1 M

Tris pH 8.5.

3. Results and discussion

A complete X-ray diffraction data set was collected from a single

crystal of nanobody Nb_PrP_01 which was cryocooled in liquid

nitrogen using the reservoir solution containing 15% glycerol as a

cryoprotectant. The X-ray diffraction data were collected on an

ADSC Q4 CCD detector using synchrotron radiation on beamline

ID14-2 (ESRF, Grenoble, France). The data-collection strategy was

as follows: 100 images were collected with an oscillation step of 1� and

1 s exposure time. The crystal-to-detector distance was 96.4 mm.

The data set extended to 1.23 Å resolution (Fig. 3). Indexing was

performed using iMOSFLM (Leslie, 1992) and scaling and merging

were performed using the CCP4 package (Collaborative Computa-

tional Project, Number 4, 1994).

The crystal was found to belong to the orthorhombic space group

P212121, with unit-cell parameters a = 30.04, b = 37.15, c = 83.00 Å; the

statistics are shown in Table 1. A total of 27 509 unique reflections

were measured, with an average multiplicity of 3.0. The merged data

set was 98% complete to 1.23 Å resolution, with an Rmerge of 5.4%

and a mean I/�(I) of 11.8 for all reflections and of 4.4 for the highest

resolution shell. The calculated Matthews coefficient (VM) of

1.5 Å3 Da�1 indicates the presence of one Nb_PrP_01 molecule in the

asymmetric unit, with a solvent content of 25.68% (Matthews, 1968;

Collaborative Computational Project, Number 4, 1994). Although the

solvent content is rather low, this is not uncommon for crystals that

diffract to high resolution; previous cases have been reported with

even lower solvent contents for exceptionally well diffracting crystals

(Madhusudan et al., 1993; Mandal et al., 2009). The low solvent

content may explain why this crystal diffracts to such high resolution.

The crystal structure of Nb_PrP_01 together with the already

known mouse PrPC structure (Riek et al., 1996) may shed light on

the nature of the PrPC/PrPSc transition mechanism. Docking of the

structures could provide useful information as to how the interaction

between Nb_PrP_01 and mouse PrPC can inhibit the pathogenic

transition.
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Table 1
Data-collection and structure-solution statistics.

Values in parentheses are for the outer shell.

Crystal data
Crystal dimensions (mm) 0.16 � 0.12 � 0.12
Matthews coefficient VM (Å3 Da�1) 1.5
Solvent content (%) 25.68

Unit-cell data
Crystal system Orthorhombic
Space group P212121

Unit-cell parameters (Å, �) a = 30.4, b = 37.15, c = 83.00,
� = � = � = 90

No. of molecules in unit cell Z 4
Wavelength (Å) 0.933
Temperature (K) 100
Resolution range (Å) 52.85–1.23 (1.29–1.23)
No. of unique reflections 27509
No. of observed reflections 189551
Completeness (%) 98.8 (98.3)
Multiplicity 3.0 (2.9)
hI/�(I)i 11.8 (4.4)
Rmerge (%) 5.4 (19.4)
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