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domain III of the tick-borne Langat flavivirus envelope protein
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Biological context

Flaviviruses have single stranded, positive sense RNA
genomes that are 40 to 60 nanometers in diameter, 11
kilobase pairs in length, and the virions are icosahedral
and enveloped. Flaviviruses cause many human dis-
eases including dengue fever, yellow fever, West Nile
virus encephalitis, hemorrhagic fevers, and are trans-
mitted to their vertebrate hosts by infected mosquitoes
and ticks (Boyle et al., 1987). Several flaviviruses
are also recognized as potential bioweapons of mass
destruction, including members of the tick borne en-
cephalitis (TBE) serocomplex such as Russian spring-
summer Encephalitis, Kyasanur forest disease and
Omsk hemorrhagic fever. The flavivirus envelope pro-
tein E (50–60 kDa) is believed to play a dominant
role in flavivirus entry and membrane fusion. The E-
protein contains three distinct domains that have been
identified both immunologically (Mackenzie, 1999)
and via X-ray crystallography (Ray et al., 1995).
Domain III (E-D3), the putative receptor binding do-
main is approximately 100 amino acids in length
(depending on the flavivirus) and has been identi-
fied as the potential site for host-cell interaction (Ray
et al., 1995). Domain III has a single disulfide bond
and no glycosylation sites that makes the biologically
relevant stable structure easily expressed in bacteria
by recombinant technology. The solution structure
of domain III of mosquito borne Japanese enceph-
alitis E-protein, has been solved recently by NMR
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spectroscopy (Wu et al., 2003). We have initiated
structural investigations of domain III of tick-borne
Langat flavivirus E-protein (LGT-E-D3) in our efforts
to design inhibitors to Langat and other pathogens
of the TBE serogroup. Langat (LGT) virus is a nat-
urally attenuated BSL-2 TBE virus and is a model
for the pathogenic BSL-3 and BSL-4 viruses in the
serogroup. Langat bears only 37.9% sequence identity
(ExPasy: ALIGN) to the mosquito-borne JE flavivirus.
As a first step towards obtaining the solution struc-
ture of LGT-E-D3, the sequential backbone and side
chain hetero-nuclear chemical shift assignments of
LGT-E-D3 are presented.

Materials and methods

Domain III of Langat flavivirus E-protein (LGT-E-D3)
was expressed in E. coli strain BL21(DE3) Codon Plus
(Stratagene) as a C-terminal fusion to an N-terminal
six histidine-MBP (maltose binding protein) tag, with
a thromibin cleavage site using plasmid H-MBP-T that
encodes for residues 300-401 of LGT-E-D3. Details
for the H-MBP-T vector are reported elsewhere (Al-
exandrov et al., 2001). Cells were grown at 37 ◦C in
M9 minimal media with 15N labeled NH4Cl (1 g/L)
and uniformly labeled 13C glucose (3 g l−1) produ-
cing 13C/15N labeled LGT-E-D3 sample. Cell lysis
was achieved by sonication and the clear supernatent
(per liter of growth) was incubated with 5ml Talon
cobalt affinity resin (Clonetech, Palo Alto, CA) for
2 h. Extensive washing of the Talon resin by 10 mM

Tris, 10 mM NaCl, pH 7.5 was followed by overnight
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digestion of the His-MBP tag from LGT-E-D3 by
adding 300 units of Thrombin and subsequent elu-
tion of the cleaved protein. Eluted protein was then
passed through a HiTrap Q sepharose column (Amer-
sham Biosciences) to remove fusion tag and other
impurities. The Cys307-Cys338 disulfide bond was
formed by air oxidation. The protein was found to
be > 99% pure by SDS-PAGE and mass spectro-
scopy. The final 13C/15N LGT-E-D3 NMR sample was
prepared by dialyzing against 10 mM Tris, 20 mM

Bis-Tris, 10 mM NaCl, pH 6.2 and concentrated to
∼0.7 mM. Similarly a uniformly labeled 15N LGT-E-
D3 (∼0.8 mM) was also made. All NMR experiments
were recorded at 25 ◦C on a Varian Inova 600 MHz
spectrometer. Spectral data was processed using NM-
Rpipe viewed by NMRDraw (Delaglio et al., 1995)
and analyzed using NMRView (Johnson and Blev-
ins, 1994). The 1H chemical shifts were referenced
to water signal at 4.75 ppm (at 25 ◦C) and the 13C
and 15N chemical shifts were referenced indirectly us-
ing the γ13C/γ1H and γ15N/γ1H ratios respectively.
The backbone sequential assignment were done us-
ing 1H-15N-HSQC, 1H-13C-HSQC, 3D−15N-NOESY-
HSQC, HNCO, HNCACB, CBCA(CO)NH (Sattler
et al., 1999). The side chain carbon and proton assign-
ments were obtained using C(CO)NH, HC(CO)NH,
HBHA(CO)NH and HCCH-TOCSY experiments. As-
signments of the aromatic resonance were obtained by
analyzing 1H-13C HSQC, 3D 15N TOCSY-HSQC and
3D 15N NOESY-HSQC.

Extent of assignments and data deposition

In all, 99% of the backbone resonances (HN, N, Cα,
Cβ and CO) were assigned with the exception of the
carbonyl carbons of the residues immediately pre-
ceding the prolines in the sequence and the extreme
C-terminal carboxyl carbon (Figure 1). We could
not unambiguously assign the CO chemical shifts for
S333 and 15N and NH proton chemical shifts for
G334. None of the resonances could be assigned for
P377 that precedes P378 in the sequence. In total 1038
chemical shifts are reported, representing 89% of all
resonances and 96% of resonances excluding the aro-
matic and guanidino side chain resonances. Chemical
shifts have been deposited in the BioMagRes Bank
Database (accession code BMRB-5971). The chem-
ical shift deviation from random coil indicates that the
secondary structure of LGT-E-D3 is composed of pre-
dominantly β-strand (Wishart and Sykes, 1994). This
pattern of secondary structure is consistent with previ-

Figure 1. 2D 15N-1H HSQC of LGT-E-D3 at 25 ◦C and pH 6.2.
Residues obtained from the cloning vector are indicated with an
asterisk.

ously reported structures of E protein domain III from
JE and TBE flaviviruses.
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