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ORIGINAL ARTICLE

A nonsynonymous SNP in human cytosolic sialidase in a
small Asian population results in reduced enzyme |
activity: potential link with severe adverse reactions to
oseltamivir

Chuan-Yun Li"", Quan Yv’, Zhi-Qiang Ye'”, Ying Sun’, Quanyuan He"*, Xiao-Mo Li". Wuxue Zhang',
Jingchu Lue’, Xiaocheng Gu}, Xizofeng Zheng?, Liping Wei .

‘Contar for Bioinformatics. *Department of Biachemistry and AMolecilar Biology, National Laboratory of Protein Engineering and
Plant Genetic Engingering. College of Life Sciences, Peking Universitn. Beijing 100871, China: *Laborarory of Biochemistry, College
of Life Sciences, Hunan Novimal University, Changsha 410081, China '

The use of oseltamivir, widely stockpiled as one of the drugs for use in a possible avian influenza pandemic, has been
reported fo be associated with neurepsychiatric disorders and severe skin reactions, primarily in Japan. Here we identi-
fied 2 nonsynonymous SNP {single nucleotide polymorphism) in dbSNP database, R4[Q, near the enzymatic active site
of haman cytosolic sialidase, a homologue of virus neuraminidase that is the target of oseltamivie. This SNP occuured
in 9.29% of Asian population and none of European and African American poputation. Our structural analyses and Ki
measurements using 71 vifro sialidase assays indicated that this SNP could increase the unintended binding affinity of
human sialidase to oseltamivir carboxylate, the active form of oseltamivir, thus reducing sialidase activity. In addition,
this SNP itself results in an enzyme with an intrinsically lower sialidase activity, as shown by its increased Km and
decreased Fmax values. Theoretically administration of oseltamivir to people with this SNP might further reduce their
sialidase activity, We note the similarity between the reported neurepsychiatric side effects of oseltamivir and the known
sympioms of human sialidase-related disorders. We propose that this Asian-entiched sialidase variation caused by .the
SNP, likely in homozygous form, may be associated with certain severe adverse reactions to oseltamivir.

Kevwords: Asia, SNP, neuraminidase inhibitor, oseltamivir, sialidase, bioinformatics

Cell Research advance online publication 10 April 2007; doi: 18.1038/cr.2007.27

Introduction phosphate (Tamiflu, Roche) and zanamivir (Relenza,
(Glaxo), have been marketed; and peramivir {BioCryst)
has progressed to advanced clinical development. Among
them Tamifln is the only orally applicable drog so farand is
currently considered to be the appropriate drug against the
human influenza virus H3N1 infections [ 7]. Many coanfries
have stockpiled the drug in preparation for a possible pan-
demic [8]. However, over a thousand adverse events have
been reported to pecur with ifs use during seasonal influ-
enza, including a small number of rare but severe adverse
events [9]. Seventy-five pediatric cases have been studied in
detail, including eight fatalities, 32 neuropsychiatric events,

Infleenza neuraminidase (NA) has been one of the most
attractive drug targets against influenza [ [-4] and numer-
ous efforts have been made on the design of NA inhibitors
[5-6]. Two effective neuraminidase inhibifors, oseltamivir .

*These three authors contributed equally to this work,
Correspondences: Liping Wei', Xizofeng Zheng?

ITel: +85 10 6275 5206; Pax: +86 106275 2438
E-mail: weilp@imail.cbi.pku.educn
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@
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and 12 skinshypersensitivity events [9]. Interestingly, 69
of the 75 cases were identified in Japan, the country that
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lras the highest use of oseltamivir in the world. Although
whether Temiflu directly cansed these cases is still being
debated, the possible severe side effects of Tamiflu should
not be ignored. ‘

Oseltamivir is processed in the liver by esterases into
the active form oseltamivir carboxylate, which can inhibit
the neuraminidase of influenza virus with high affinity [10~
13]. Oseltamivir carboxylate resulied from two successfuf
principles in the history of NA inhibitor design. The first is
to substitute the C'6 group with a more hydrophobic group
that would pack well in the hydrophobic pocket created by
the rotation of Glu276"s carboxylate group which forms a
salt bridge with Arg224. The second is to replace the C4
group of NeuSAc2Zen, a transition state analogue, with a
basic group that would interact with Glul19 and Glu227
of the virus neuraminidase [10-13].

Human has four sialidases that are homologues of virus
neuraminidases. The structure of human cytosolic sialidase
{HsNELU2} was published recently [14] and shown to be
similar to that of viral newaminidases, containing exactly
the same active site residues. I seemed reasonable to inves-
tigate whether hursan stalidases could also bind oseltamivir
carboxylate, thus potentially causing adverse reactions.

Searching the dbSNP database at NCBI[15], we found
that a nonsynonymous SNP from G to A (refSNP ID
r52233385) causes Argdl in HsNEU? (o be substituted
by Gln in a small portion of Asian populations. Here we

present results from structural bioinformatic analyses and .

i vitro enzymatic activity assays showing that the R41Q
SNP could increase human sialidase’s binding affinity to
oseltamivir carboxylate, thus rendering it more sensitive
to inhibition by the drug. In addition, the SNP itseif results
inan enzyme with an intrinsically lower sialidase activity.

We suggest that this sialidase variation caused by the SNP, |

likely in homozygous form, may be associated with certain
severe adverse reactions to Tamifln. :

Materials and Mcthods

Secarching for the newraminidase octive site in afl known -
man protein structures

We used the active site residues in influstza virus neuransinidase
N9, Argl18, Areg371. Arg292, and Tyrd06, and their sequential and
spatinl spacing to generate a template of the active site. We used this
template to search all known human protein structures in Protein Data
Bank (PDB). Eleven of' the structures contain the same four residues
in the correct order in sequence and Jess than 2.0 angsteoms of Root
Mean Standard Deviation (RMSD) [rom the template i space.
Manuat inspection of docking analyses using these structures with
sialic acid and oseltamiviy carbosylate showed that ooly HsNEES2
had the correet binding pocket.

Molecular simulation
. We retrieved and analyzed the following structires from PDB:

humaa sialidase HsNEU2 (PDRB [D:EVCU), influenza viras neur-
aminidase W2 (PDB 1D:2BAT), and influenza viras neusaminidase
N9 complexed with osellamivir carboxylate (PDB ID2QWK). The
structure of HsNEU2 R4 1Q variant was built by substituting the side
chain of Argd 1 1o GIn. The complex structures of wild-type HsNEU2
and HsNEUZ R41Q with oseltamivir carboxylate were huift by su-
perimposing HeNELU2's active site residues Arg2 |, Arg304, Arg237
and Tyr334 10 N%'s active site residues Argl 18, Arg371. Arg292 and
Tyrd06, respectively. The complex structures of N2 with osellamivir
carboxylate were buill by the same procedure. ATl of these complexes
were optimised in Tnsight T {Accelrys, San Diego, USAY); afier adding
a two-Angsirom water layer and fixing the profein backbone atoms,
we performed 300 steps of steepest descent with derivative valve
of 0.01 keal'mol™-A™* and 1 000 steps of conjugate gradient under
Consisient Valence Faree Field (CVEF) with derivadive value of 0.001
keal-mol™ A", We evaluated dillerent aspects of the binding affinity
between oseltamivir carboxylate and HsNEU2 in these complexes,
including intermolecular energy under CVFF (van der Waals tenn
and electrostatic term) and inhibition constant derived by Tnsight 71
The cutoff for intermolecular enetgy calcutation under CVFF was
100 Angstroms. The scoring fuaction in Insight 1T was an eimpirical
function taking into aceount the contribution of hydrogen bonds,
ionic interactions, hydrophobic contacts. freezing of internal degrees
of freedom and aromatic-aromatic interactions.

Expression of HsNEU2 wild-type and its R41Q variam pro-
feins in E. coli

We expressed aad purified both wild-type HsNEUZ and its R41Q
variant by tollowing the standard protocol [16-171 The full-length
coding region of FsNEL/2 was obtained by PCR amplification using
an isolated buman genomic library as the template. Exonl was ampli-
ficd nsing HsNEU2Z-Ntl (3-CGG AAT TCATGG CGT CCC TTC
CTGTCC TG-3" with a 3LeoR T restriction site and HSNEU2-Cti
{53-CTG AAC CTG GTG GGT GGG TGC-37. fxonZ from Trp68
ta the stop codon was amplificd using HsNEU2-N2 (5-TGG CAA
GCT CAG GAG GTG GTG-3') and HsNEU2-C#2 (5-~ACG CGT
CGA CTC ACT GAG GCA GGT ACT-3" with a 53-8a/ 1 restriction
site. The two PCR products were ligated by T4 DNA ligase and the
resulting full-lenpth fragment was subcloned into the EcoR [ -- Sal |
sites of pET-28a expression vector, The HsNEU2 variant, R410Q,
was gencrated by mutagenesis through PCR amplification using the
overlap extension technigue [18]. with two PCR primers R41Q-M1
{(5~CGG AAC AGC GAG CAA GCA AGA-3) and R41Q-M2 {5-
TCTTGCTTG CTCGCT GTT CCG-3'). The resulting recomnbinant
plasmids were verified by DNA sequencing, followed by transforma-
tion inio the £. coli expression strain Rosetta (DE3). Both HsNEL2
wild-type and its R41Q variant proteing were purified by a two-step
purification procedure using a Ni-affinity coluron and a gel filtration
Hitoad Superdex-73 column {Amersham, USA) {19]. They showed
apparent molecular mass of about 435 kDa in SDS-PAGE. which was
consistent with the predicted molecular weight. For bath the wild-
type und R4EQ variant, about 3 mg of proteins in high puriiy were
obtained from 1 L of culture for further experiments.

Sialidase assay ‘

Sialidase activities of both recombinant wild-type TISNEU2 and
its R41Q variant against the subsirate 2'-(4-methylumbetiileryo-D-
N-acetylncuraminic acid (MU-NANA) {Sigma) were determined by
fuorimetric assays to measure the amount ofd-methylumbello ferone
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