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Quantitative separation of live cells from food samples Is essential for non-culture methods
to be valldated. In this viewpoint, the feasibility of density gradient centrifugation (DGC) was
demonstrated for the first time using samples of yellowtall meat to which Morganella
morganii, a histamine producing bacterlum had been added. Using a Ficoll density gradient
from 50 to 10 w/v % with 10 w/v % steps, meat-free fractions of M. morganii cells were col-
lected In 20-50 w/v % layers. The total cell collection rate ranged from 73-86 % Irrespective of
the cell density in the range 10*-10° cells/200 ul.

Key words : Density gradient centrifugation/Viable cell separation/Histamine-producing bacteria/
Histamine-producing fish/Morganella morganii.

The detection of live bacteria in foods is essential
to ensure food safety and food security. In particular,
to find the cause of bacterial foodborne diseases, the
detection of live bacteria from the contaminated food
must be carried oul quickly. Conventionally, living
bacteria have been detected by means of culture, but
in recent years non-cullure methods such as flow
cytometry (Steen, 2000) and microscopic fluores-
cent imaging have been used as an alternative to the
cullure method for foods, pharmaceuticals, and cos-
metics (Matsuoka et al, 2003; Shimakita et al.,
2006). However, these non-culture methods are influ-
enced by various components of food malrices, and
therefore those components need 1o be removed by
a proper pretreatment method. Filtration is thought to
be a simple and efficient method. In tact, filtration was
shown lo be effeclive for various types of food
(Shimakita et al., 2008). However, there are many
kinds of food that can hardly be filtered. Raw milk,
fish meat, and shellfish are typical examples.

*Corresponding author Tel : +81-42-388-7028, Fax | +81-
42-387- 1503, E-mall! mhide@cc.luat.ac.jp

In this study, we investigated the applicability of the
density gradient centrifugation (DGC) method. This
method has been well applied to spermatozoa and in-
tracellular particles. There are also reports of its ap-
plication to bacteria (Makinoshima et al., 2002;
Nayak et al., 2005). However DGC has never been
applied to food samples in practical food safety con-
trol, because it is too tedious to use DGC in daily rou-
tine operations. Therefore it is necessary to find the
optimum DGC conditions for a specific food matrix as
well as for the future development of a high through-
put system for the fractionation of post-DGC samples.
This paper describes the feasibility of using DGC
from this viewpoint. The first challenge involved the
use of yellowtail meat to which a histamine producing
bacterium was added.

Histamine poisoning often occurs in fish in the
families of Carangidae and Scomébridae including yel-
lowtail. Histamine poisoning is understood 10 be
caused by specific bacteria that contaminale fish
meal and produce histidine decarboxylase, Free
histidine in fish meat is then converted to histamine,
resulting in the accumulation of histamine in the fish
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meat to a level that causes food poisoning. M,
morganii, Photobacterium damselae and P
phosphoreum are lypical examples of histamine-
producing bacteria (Allen et al,, 2005; Ben-Gigrey et
al., 1999; Kanaki et al., 2004; Kim el al., 2001; Morii
et al, 2004; Tsai el al., 2005; Fuji, 2006). Among
them, M. morganii was selected as the target bacle-
riumn in this study.

Ficoll PM400 (GE Healthcare Bio-Sciences) was
sterilized (121°C, 15 min) and dissolved in 50 mM
phosphate buffer solution (PB) (pH 7.0) to prepare a

50 w/v % solution. The concentrate was diluted with
PB to prepare 10, 20, 30, and 40 w/v % Ficoll solu-
tions. Two hundred microliters of each solution, be-
ginning with the highest concentration, were put into
centrifugation tubes (Thinwall Polyallomer, 11X 34
mm) by using a micropipetle o prepare a stepwise
gradient. In preparing the gradient, the tube was held
upright and the solution was put into the tube care-
fully not to cause disturbance between Ficoll layers.
Each Ficoll solution was refrigerated for storage and
the densily gradienl was prepared before use.

The strain of M. morganii was provided by T. Fujii,
Tokyo University of Marine Science and Technology,
and maintained on a TSA plate at 4°C. Before use, M.
morgan/i was inoculated into 10 ml of the LB medium
using a platinum loop, and then cultured in a shaking
incubator (130 rpm, 24 h, 37°C). Then 100 u| of the
cultured cell suspension was transferred in 10 ml of
the LB medium and incubated again in the same man-
ner. The resulting cell suspension was diluted with PB
to prepare a test cell suspension containing ca. 10°
cells per 100 ul.

Two hundred microliters of the test cell suspension
were laid onto the Ficoll density gradient prepared as
described above. The test tube was centrifuged using
an ultra centrifugation system (BECKMAN Optima™
TLM and TLS-55 Swing bucket rotor) at 30,000 rpm
for 20 min at 4°C. After the centrifugation, each layer
in the test tube was collected by careful manipulation
using a micropipette. A hundred microliter aliquot of
each fraction was plated on the plate count agar
{Nissui Pharmaceutical Co., Ltd), and then incu-
bated at 37°C for 18 h. The number of colonies was
counted to calculate the number of bacteria in each
fraction. As shown in Fig. 1, M. morganii cells were
distributed principally in the 20 w/v % and 30 w/v %
Ficoll fractions. The total of 20-50 w/v % layers
reached 100 %.

A five gram portion of farmed yellowtail fillet was
placed in a stomacher bag, and PB (10 times the vol-
ume of the fillet) was added to the bag, and then
stomached for 60 s 1o obtain a fish meat preparation.
To the fish meat was added the test cell suspension

Relative number af colonies (%)
s

FE—Y = j &£
0 o 50

0
Ficoll fraction (wivi)

FIG. 1. Distribution of M. morganii collected alter
DGC. Sample: 200 u! of M. morganii suspended in PB
(100 cells/100 ul). N=3

Tos 10

Relativa number of colonies (%)
-

FIG. 2. Distribution of M. morganii collected after
DGC. Sample: 200 u! of M. morganii added to the yel-
lowtail extract (100 cells/100 ). N=3

so that the cell concentration was 10%cells per 100
1. Atter DGC, the added M. morganii cells were dis-
tributed in every fraction (Fig. 2). Fish meat compo-
nents were collected in the top layer and 10 w/v %
Ficoll layer. Therefore bacterial cells distributed in the
20-50 w/v % Ficoll layers were obtained without dis-
turbance of the fish meat. The total cell collection rate
in the 20-50w/v % Ficoll layers was 78%. M.
morganii cells were principally collected from the 20
and 30 w/v % Ficoll layers.

It was revealed thal the bacterial cells were al-
tached to the fish meat components (Fig. 3). In order
to separate these cells from fish meat, Tween 80 was
added to PB. As depicted in Fig. 4, the addition of
0.1% Tween 80 solution decreased the cell distribu-
lion rate in the top layer to 8 %. Under this condition,
the total collection rate from the 20-50 w/v % Ficoll
layers reached 86 %.
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(B)

FIG. 3. Fiuorescence images of M. morgani cells ad-

hering to the yellowtail muscie. Sample: The lop
layer of Fig. 2. (A) Bright field image, (B)
Fluorescence image. The test sample was siained
with DAPI

&
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FIG. 4. Distribution of M. morganii collected after
DGC. Sample: 200 ul of M. morganii added to the yel-
lowtail extract (100 cells/100 1) containing 0.1%
Tween 80. N=2

The cell distribution after DGC was thought 1o be
influenced by the cell density in the test cell suspen-
sion. Thus test suspensions containing 107, 104, and
10" cells/200 4| (=cells/tube) were subjecled o
DGC with or without fish meal components. Without
the fish meat, there was no cell densilty dependency
(Fig. 5(A)). Total distribution rates in the 20-50 w/v
% Ficoll layers were 89-96 % irrespective of the cell
density from 10° to 10° cells/200 g I. Even with the
fish meat, the cell density dependency was only slight
(Fig. 5(B)). The total distribution rate in the 20-50
w/v % Ficoll layers was 73 % at 10°cells/tube, while
it was 86 % at 10" cells/tube.

The present method has been applied 1o the cell
count in yellowtail during storage at 20°C. Yellowtail
(approximately 5kg in body weight), farmed in
Miyazaki prefecture, Japan, were killed by brain
piercing in order to retain freshness, and then imme-
diately filleted. Each fillet was washed, vacuum-
packed, stored in ice, and then transporied. Portions
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FIG. 5. Distribution of M. morganii collected alter
DGC. Sample: (A) 200 ul of M. morganii suspended
in PB. (B) 200 ul of M. morganii added to the yellow-
1ail extract containing 0.1% Tween 80. Cell density
o7, C10* EEY 10%cells/200 ul.

of muscle (approximately 30g from each) were
taken from the dorsal region, and then packed in
polyethylene zip-lock bags. Each bag was then
placed in a stomacher bag and the stomacher was
turned on for 60 s to smash the fish meat (control
group). For the test group, the test cell suspension
was added the fish meat at the time of stomaching so
that there were 10°cells per gram of fish meat. The
fish samples in both the test and the control groups
were stored at 20 °C in polyethylene zip-lock bags for
15, 20, 39 and 45 h. The fish samples were subjected
to DGC and the number of cells was counted for each
density fraction. Then total numbers of cells from the
20-50 w/v % Ficoll fractions were plotted versus the
storage time. As shown in Fig. 6, the number of cells
increased during the storage and reached 107cells/g
at 45 h. In the same way, the number of cells in the
control samples was measured. |t was no greater
than 20 cells/g at Oh but increased markedly and
reached the same level as that of the test samples al
around 20-30 h
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(log CFU/g)

Total viable cells
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FIG. 6. Growth of M. marganii and other bacteria in
the yellowtail during storage.

® . Number of M. morganii cells in 1g of yellowtail
muscle. 10 cells/g M. morgani was added at 1=0.
Total cell count from the 20-50% Ficoll layers after
DGC using Ficoll containing 0.1% Tween 80. A:
Number of other bacterial cells in 1g of yellowtail
muscle Only the cells naturally contaminating the yel-
lowtail were counted.

Al the same lime, the amounl of histamine in the
fish samples was also defermined using high-
performance liquid chromatography (HPLC) after
dansylation . Histamine was found only in the test
group, though the number of bacterial cells was the
same in both groups. The histamine concentration in
the test group was 1210 ug/g and 135ug/g at 39 h
and 45h, respectively, while it was below the
detecable limit (5 1 g/g) throughout the test period in
the control group. This result confirms that, even in
the so-called histamine-producing fish, histamine is
not produced if the fish is not contaminated with bac-
tena that produce histidine decarboxylase.

In the present study, il was important {o separate
M. morganii cells without degrading the cell viability.
During centrifugation, bacterial cells should undergo
cell-cell collisions frequently. In order to soften these
collisions and protect cells from mechanical stress,
we thought that the suspending solution had better be
viscous. Thus we used Ficoll in the DGC. In the next
step, however, it is necessary to investigate the feasi-
nility of less viscous material such as Percoll for a
more rapid and easier protocol.

In conclusion, DGC enabled the quantitative sepa-
ration of the live cells of M. morganii from samples of
yellowtail meatl, The present results should provide
essential data for the future design of a high through-
pul system for the collection of post-DGC samples.
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Noroviruses (NoVs) are considered to be a major cause of acute nonbacterial gastroenteritis in humans. The
NoV genus is genetically diverse, and genotype GII.4 has been most commonly identified worldwide in recent
years. In this study we analyzed the complete capsid gene of NoV strains belonging to the less prevalent
genotype GIL2. We compared a total of 36 complete capsid sequences of GI1.2 sequences obtained from the
GenBank (2 = 5) and from outbreaks or sporadic cases that occurred in The Netherlands (n = 10) and in
Osaka City, Japan (n = 21), between 1976 and 2005. Alignment of all capsid sequences did not show fixation
of amino acid substitutions over time as an indication for genetic drift. In contrast, when strains previously
recognized as recombinants were excluded from the alignment, genetic drilt was observed. Substitutions were
found at five informative sites (two in the P1 subdomain and three in the P2 subdomain), segregating strains
into five genetic groups (1994 to 1997, 1999 to 2000, 2001 to 2003, 2004, and 2005). Only one amino acid position
changed consistently between each group (position 345). Homology modeling of the GIL.2 capsid protein
showed that the five amino acids were located on the surface of the capsid and close to each other at the
interface of two monomers. The data suggest that these changes were induced by selective pressure, driving
virus evolution. Remarkably, this was observed only for nonrecombinant genomes, suggesting differences in

behavior with recombinant strains.

Noroviruses (NoVs) are an important cause of acute non-
bacterial gastroenteritis in adults and children worldwide (13).
NoVs are members of the family Calicivindae, having a posi-
tive-sense single-stranded RNA genome. Their genome is or-
ganized into three open reading frames (ORFs). ORF1 en-
codes nonstructural proteins including the RNA-dependent
RNA polymerase (RdRp), ORF2 encodes a major structural
capsid protein including a shell (S) domain and a protruding
(P) domain, and ORF3 encodes a minor structural protein (13,
18, 41). The S domain forms the inner part (shell) of the viral
capsid, and the P domain forms the arch-like structures that
protrude from the virion, The P domain is further divided into
P1 and P2 subdomains that correspond to the sides and the top
of the arch-like capsomeres, respectively (13, 31).

Based on the genetic analysis of the RdRp and capsid re-
gions, human NoVs can be divided into three genogroups (Gs),
Gl, GII, and GIV (2, 14, 39), which further segregate into
distinct lineages called genotypes (2, 20, 36, 37). Recently,
Kageyama et al. (20) proposed that at least 31 genotypes could
be distinguished within GI and GI1. The GI1.4 genotype, which
is represented by the Lordsdale/93/UK strain, has been the
most commonly identified genotype worldwide in recent years.
Genetic characterization of strains belonging to this genotype
have shown a sequence of variants that have arisen over time,
suggesting that rapid genetic evolution of GI1.4 NoVs may in
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part explain their successful spread and impact on people of all
ages (5, 9, 27, 29, 30, 33, 40).

Viruses belonging to other NoV genotypes arce found less
consistently, causing sporadic outbreaks or temporary epidem-
ics in a limited geographic region or time period (5, 17, 23, 26).
As a result, far less is known about the population structure of
these variants (28). The genetic analysis of other genotype
NoVs excluding GIL4 will improve our understanding of ge-
netic evolution and its relevance for the epidemiology of NoVs.

During the spring of 2004, an epidemic of GIL2 NoV (which
is represented by the Melksham/94/UK strain [Melksham])
occurred in Osaka City, Japan. Our previous study of this
regional epidemic described the molecular epidemiology of
these GIL2 strains (17). Here, we describe the genetic charac-
terization of GI1.2 strains from those outbreaks in comparison
with viruses detected over a 12-year period in the GenBank,
The Netherlands, and Japan.

MATERIALS AND METHODS

GIL.2 strains, A total of 36 NoV strains that had been characterized as Gll.2
genotype were used far this study (Table 1). The capsid sequence data for five
G112 strains were obtained from the GenBank, Of these, the Melksham strain
and the Chesterfield/434/1997/US strain (11, 29) have been charscterieed as
belonging to the G11.2 genotype on the basis of RARp as well as capsid regions.
The Snow Mountain/76/LS strain has been characterized as a recombinant NoV,
with a distinct (non-G11.2) RdRp region and a G112 capsid region (4, 16). The
other two straing from the GenBank (Ina/N2UP and BudsU2/US) were charac-
terized as G112 genotype on the basis of the capsid region, but their sequences
of the RdRp region were unknown. The capsid sequence data of BudsU2US
stratin locked the first 6 nucleotides (at) from the 5° end of the capsid genc.
Twenty-one GI.2 strains were ob 1 from ks or sporadic cases de-
tected in Osaka City, Japan, between April 199 and March 2005. These were 2
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TABLE 1. GI1.2 NoV strains used in this study
Source Steain (abbreviation)* “"R’:r“ pee Accession o, Note'
GenBank Snow Mountain/76/US (SM) GII-NA AY 134748
Melksham/94/UK (Melksham) G2 XB1879
Chesterfield/434/97/US (CF434) Gll.2 AY054300
Ina/02/JP (Inx) Unknown AB195225
Buds0/US (Buds) Unknown AY660568
Osaka City, Japan OCITO49/97/P (97049) GlI-NA AB279553 0
OC01243/01/JP (01243) GII-NA AB279554 0
0C02012/02/3P (02012) Gll.2 AB279555 0
0C02022/02/JP (02022) GII-NA AB279556 (6]
OCS02028902/IP (5020289) GIlb AB279570 s
OCO4038/04/1P (04038)" GlL.2 AB279557 o
OC04042/04/IP (04042)" GllL2 AB279558 0
OC04043/04/IP (04043 )" Gll1.2 AB279559 0*
OCS030697/04/IP (S030697 Gll.2 AB279571 g
OCD4056-1/04/1P (04056-1 Gll.2 AB279560 o*
OC04056-2/04/JP (04056-2)* GlL.2 AB279561 o
OCO4059/04/JP ( ) Gll.2 AB279562 o*
5/04/JP (S040035) Gll.2 AB279572 5
DC04067/04/JP (04067)* GlL2 AB279563 o*
OCO4071/04/IP (04071) GIL.2 AB279564 o*
OCO4073/04/JP (04073) Gl1.2 AB279565 o*
OC04075/04/IP (04075) GlL.2 AB279566 o
OCO4076/04/IP (04076)" GllL.2 AB279567 o*
OCS040100/04/JP (S040100) GII.2 AB279573 s*
0OC04169/04/JP (04169) GII-NA AB279568 0
OCO5010/05/JP (05010) Gllb AB279569 (o]
The Netherlands Sensor?9-191/99/NL (599-191) GlL2 AB281081 S
OB0037-246/00/NL (OB0037) Gl1.2 AB281082 0
OB0048-318/00/NL (OB0048) Gl1.2 AB281083 S
0B0115-19501/NL (OBO115) GlL.2 ADB281084 (o]}
EP0125-00601/NL (EP0125) Gl1.2 AB281085 (0]
EP0207-00102NL (EP0207) G2 AB281086 (o]
EP0239-00102/NL (EP0239) Gll2 AB281087 (6]
OB0371-459/03/NL (OB0371) Gll.2 AB281088 [¢]
OB0528-158/05NL (OB0528) Gli2 AB281089 o
OBO5E7-470/05/NL (OBO5SET) Gll.2 AB28109 0

“ NoV strains are arranged in chronology of detection from top (oldest) to bottom (most recent) for each source.

* NA, not assigned.
0, outh:lLS.spnﬂdJCm: spnn;epddemmm
# These strains have id in the

of the 23 GI1.2 strains identified during a 9-year study period out of a total of 238

capsid gene and only one strain (OCD403804/1F) has been used for long-term genetic analysis.

soqoen:m; I:h and ABI 3700 sequencer {Applkd Biosystems, Foster City, CA).
were ined in both ori using the PCR

outbreaks and 200 sporadic cases of NoV infection, From the genetic analy
across the junction between Ih: RdRp and Illl: capsid regions, 6 of these 21 GIL.2
strains have been ch d as i which have non-G11.2 RdRp
regions and G11.2 capsid regions (Fig. 1) (17).

‘The strains from The Netherlands were collected from a 12-year study penod.
Between 1994 and 2005, G112 NoVs were detected in 13 (1.7%) out of 745
NoV. 4 outbreaks and three sporadic cases in The Netherlands, Initially,
these GIL2 NoVs were ch 1zed by the pari of scqg n the
RdRp region (Fig. 1), The detection method and criteria for genotyping at the
RdRp region have been previously described (8, 36), The complete capsid gencs
of 10 strains from cight outbreaks and two sporadic cases were amplified by
reverse transeription-PCR (RT-PCR) and were used for this analysis,

Mhuu-ﬂlwhlhlbrmphuupﬁmdﬁlu strains.
Viral RNA was d from stool suspensions by using a QlAamp viral RNA
Msm kit (Qiagen, Hilden, ﬂcmuny) RT-PCR was carricd out with the reaction

and s previously described (8), RT was performed at 42°C for
2103 hwith rmr:ru.- pnmct. NZJSRH (17), and cnzyme was inactivated at 95°C
for 5 min. PCR was performed using several pairs of PCR primers (Table 2) with
u Gr:ne)\mp PLR sm:m 9700 (Applicd Biosystems, Foster City, CA) under the
ion at 95°C for 1 min; 40 cycles of 95°C for 15 5,
1 fur 30 s, and T72°C for 1 min; and a final C)'rle of incubation at 72°C for 5
min. When a PCR failcd to p strong products, we perf d nested PCR.

pnmm DNA wqucnm were edited using SeqManll (DNAStar Inc,, Konstanz,
Germany).

Sequence analysis, Nucleotide or amino acid sequence alignments were per-
formed with BioEdit (version 7.052) (15). Clustal X (version 181) (35), or
MUSCLE (version 3.51) (10). ‘l‘hg extraction of the informative sites from

nucleotide or amino acid seq was perfi d with ProSeq (ver-
sion 2.91) (12). The rate of change lur different domains was mmpmd using
chi-square In this a site was designated as an infi sile

when at least two strains had an identical amino acid in the alignment that
differed from the other sequences. A ph)-lo;enclx tree with 1,000 bootstrap
plications was byl.ll: - "] hod, and the genctic
were calculated 1§ 1o the Kimura two-parameter method (21).
We perfl d additional phylogenetic analysis by the Bayesian method using
M!Bn)ﬂ (version 3.12) (!2} Location of specific domains of the GIL2 NoV
capsid gene was donc according to Chen et al, (7). For computational predictions
of the structure of the GI1.2 NoV capsid protcin, we uscd the X-ray crystal
structures of the capsid protein of Norwall/s&/US (GLLI genotype, Protcin Data
Bank identfier [PDB ID] 1IHM, contisung of a complete tnmer) (31) md
VA3EINE/US (G114 genotype, PDB 1D 20BR, g of only a
P domain] (6) ns templates to build homology models, T.‘lr scquence alignments
for the structure and the threc-dimensional (3D) models for GI1.2 NoV capsid
ins were made by using the WHAT IF program (38) and the 3D-Jigsaw (1)

The amplified frag were sequenced directly with a Big Dye te cycle
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TABLE 2 Primers used to amplify the capsid gene of GI1.2 NoV strains
Primer Sequence (57 10 3 Polarity Location (nt) Reforonce of source
COG2F CARGARBCNATGTTYAGRTGGATGAG # s003" 19
G2SKF CONTGGGAGGGCGATCGCAA i S058* 22
G2SKR CCRCCNGCATRHCCRTTRTACAT - 5401° 2
N235Rex GOWANRAAAGCTCOWGCCAT - 62713° 17
MKcap508-524F CAGAAAGATGATCCCAA + 508° This study
MKcap524-508R TTGGGATCATCTTICTG - 524" This study
MKcapb62.649R TCCACTGTTGGTGG - 662 This study
MKcapl109-1125F TGGGTCAGATTCAAATT + 1o This study
MEKecapl125-1109R AATTTGAATCTGACCCA - 125 This study
- MKcapl34-1290R AAGAGCAGGCGCTCC ] 1304° This study
MEK35R CAAAAGCTCCAGCCAT = 16447 This study

‘m:mtmmﬁdnuinbddfucmuhll_wx&mkILno!G,l_n-d-liliun.NuA.C.0.0!1‘;RilerG;Wis&arT;YanT.

dsdale/9VUK (XB63ST).

* Location of the 5’ end of the primer corresy 1o the

ide position of L
of ORF2 and ORF3 of Melksham/94/UK (X81879),

“ Location of the 5° end of the primer ding to the nucleotide pasiti

and EsyPred3D (25) servers. WHAT IF could not model residucs 342, 344, and
345 based on the Norwalk/68/US capsid protein template (PDB 1D 1THM); as
they are present in an inserted loop of the P2 subdomain relative to the template
structure, but they are predicted to be in the same position as in the 3D model
based on the GI1.4 genotype capsid protein template (PDB 1D 20BR). A dimer
of the GI1.2 NoV capsid protein was modeled by superimposing two predicted
monomers onto the trimeric template of the Norwalk/68/US capsid protein. The
3D models were visualized by the YASARA view program (version 6,813, hitp:
Iwww.yasara.orgf) (24).

q b The nucleotide seqi deter-
mined in this study have been deposited in the DDBJEMBL/GenBank with the
accession numbers AB281081 to ABZE1090 (Table 1).

RESULTS

Capsid gene sequence analysis of GIL2 strains collected
over 30 years, Sequence data from a total of 36 GI1.2 strains
showed that the capsid gene was 1,629 nt long and coded for a
protein of 542 amino acids. There were no deletions or inser-
tions in the capsid gene among these strains collected over a
30-year period. Sequence comparison showed =83.6% nucle-
otide and =93.5% amino acid identitics among these GIL2
strains. The phylogenetic tree based on the 1,629 nucleotide
sequences of the complete capsid gene confirmed that all
strains were characterized as GIL2 genotype (Fig. 2).

Genetic analysis of GIL2 strains from a regional outbreak
in Japan in the spring of 2004, Of the 21 GII.2 strains detected
in Osaka City, Japan, 14 strains were detected in samples from
cases in outbreaks or sporadic cases in the spring epidemic
between March and May 2004 (Table 1), These strains were
closely related to each other (=99.2% nucleotide and = 99.1%
amino acid identitics). To find out if these viruses changed
genetically during circulation in the community for a shon
period of time (about 3 months), the complete nucleotide and
amino acid sequences of the capsid gene from these 14 G112
strains were compared. A total of 45 nucleotide substitutions

were observed (Table 3). The majority were third-base position
changes (77.8%) and synonymous substitutions (82.2%). These
nucleotide changes resulted in amino acid changes in eight
codons, five of which were located in the P2 subdomain. In the
alignment of the spring epidemic strains over the 3-month
period, of the 45 nucleotide substitutions, only one nucleotide
position was fixed (nt 594 in the S domain) at the end of this
epidemic. This did not result in an amino acid change. All
amino acid changes were sporadic. Eight of the 14 strains had
an identical amino acid sequences (Table 1). Of these, strain
04038 was used for further genetic analysis.

Genetic analysis of all GIL2 strains collected between 1976
and 2005, The nucleotide and amino acid sequences of the
complete capsid genes were compared for 29 GIL2 strains
collected between 1975 and 2005 (30 years), excluding 7 GIL.2
strains detected in Osaka City with identical amino acid se-
quences (10 strains from The Netherlands, 14 from Osaka City,
and 5 from GenBank). A total of 488 nucleotide changes were
observed (Table 4). Again, the majority of these were third-
base changes (83.8%) and synonymous (85.9%). In total, 59
nucleotide changes resulted in amino acid changes (34 in the
P2 subdomain) (Table 4). Twenty-five of these were informa-
tive changes (19 in the P2 subdomain), but none appeared to
be fixed in the genome over time. Of the 25 informative sites,
the amino acid position 345 was the most variable (Fig. 3).
Nevertheless, statistical analysis showed a significantly higher
rate of mutation in the P2 subdomain than in P1 and S, sug-
gesting sclective pressure (P = 00018, chi-square 5.63; and
P < 0.0001, chi-square 12.9).

Genetic analysis of Melksham-like strains detected between
1994 and 2005, In order to understand the apparent discrep-
ancy between selective changes in the P2 subdomain and the
absence of fixation of these mutations, we repeated our anal-

FI1G. 1, Phylogenetic analysis of partial RdRp gene sequences of

G11.2 NoV strains by the neighbor-joining method (A) and the Bayesian
1

d as GlI-NA. The scale indicates the number of

method (B). The genotypes at the RARp regions that are not assig

5 are repr

substitutions per site. Reference strains of NoV used in this analysis are given in italics. (A) The bootstrap values are indicated on each branch.
(B) Tree topology was evaluated on the basis of 1,500,000 generations. The posterior probabilities are indicated on each branch (=0.95 of the
pasterior probability means that the branch has high credibility). The GenBank accession numbers of the additional reference strains used in this
analysis are as follows: Hokkaido/133/03/JP, AB212306; Lordsdale/93/UK, X86557; MOHMIHU, AF397256; Norwalk/68/US, ME7661; Pont de
Roide 673/04/FR, AY682549; Saitama U1, AB039775; Toronta/93/CA, U02030. For strain abbreviations, sce Table |
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FIG. 2. Phylogenetic analysis of complete capsid gene sequences of G11.2 NoV strains by the neighbor-joining method (A) and the Bayesian
method (B). Melksham-like strains, which have a matching (G11.2) RdRp sequence, are shown in boldface. Asterisks indicate the G112 strains that
have different (*) or unknown (+<) genotypes in the RdRp region, The scale indicates the number of substitutions per site. (A) The boolstrap values
are indicated on each branch. (B) Tree topology was evaluated on the basis of 500,000 generations. The posterior probabilities are indicated on
each branch. The GenBank accession numbers of the additional reference strains used in this analysis are as follows: HawaiiT1/US, U0T611;
Hillingdon/90/UK, AJ277607; Lordsdale/93/UK, X86557; Norwalk/68/US, M87661; Toronto/93/CA, U02030. For strain abbreviations, sce Table 1.
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TABLE 3. The numbers of nucleotide and amino acid substitutions in the complete capsid gene among 14 GI1.2 strains detected in the
spring epidemic of 2004 in Osaka City, Japan

Amino acid substitunons

Nucleotide substitutions
Domain or No. at the indicatcd
S i ogss noodw‘ . Synony Nonsy No. of Informative
o i changes (no.) changes (no.) substitutions changes (no,)
Ist 2nd 3rd

N 1 0 0 1 1 0 0 0

5 18 3 2 13 16 2 5 "

Pl T 0 0 7 6 i X "
P13 5 g 0 4 ‘ 0 0 0
P1-2 3 [ 0 3 2 1 1 ]

P2 19 3 2 14 14 5 s <

Toral 45 6 4 35 17 8 8 0

* Each domain of GI1.2 NoV capsid gene was determined according to Chen et al, (7). The region and abbreviation of each domain are as follows: N, 5’ end of ORF2
and N terminal domain (residues 1 1o 45); S, shell domain (residues 46 1o 216); P1, P1 subdomain (P1-1, residucs 217 1o 274; P1-2, residues 421 to 542); P2, P2

subdomain (residues 275 to 420),

ysis after removing recombinant genomes from the alignment
(Table 5) (nucleotide and amino acid sequences of the com-
plete capsid gene from 20 Melksham-like strains: 10 strains
from The Netherlands, 8 from Osaka City, and 2 from
GenBank). Sequence comparison showed =91.5% nucleotide
and =97.4% amino acid identities among these Melksham-like
strains. A total of 301 nucleotide changes were observed (Ta-
ble 5), the majority of which were third-base changes (87%)
and synonymous (88.7%). These nucleotide changes resulted
in amino acid changes in 32 codons, half of which were located
in the P2 subdomain. Twelve of 32 amino acid positions were
informative (9 in the P2 subdomain) (Fig. 3). In contrast with
the previous finding, several mutations were fixed: of the 12
informative sites, 2 amino acid substitutions (amino acid posi-
tions 245 and 440) in the P1 subdomain and 3 amino acid
substitutions (amino acid positions 342, 344, and 345) in P2

subdomain were cumulative (Table 6), segregating the strains
into five genetic groups (1994 to 1997, 1999 to 2000, 2001 to
2003, 2004, and 2005) by the neighbor-joining method (Fig.
2A) and Bayesian method (Fig. 2B).The strains detected in the
spring epidemic in Osaka City had a unigue sequence, with §
or P residues at amino acid position 364 (Fig. 3 and Table 6).
The other six informative sites were not fixed.

The 3D structure of the P domain of a monomer of the NoV
capsid protein was predicted by WHAT IF, 3D-Jigsaw, and
EsyPred3D, based on the known 3D structure of the VA387/
98/US GIL4 genotype capsid protein, which has 55% amino
acid sequence identity in the P domain to the Melksham capsid
protein. A comparison of the positions of the six fixed mura-
tions to the predicted 3D structure indicated that all six resi-
dues were predicted to be located at the surface of the capsid
protein, with three residues (342, 344, and 345) close to each

TABLE 4. The numbers of nucleotide and amino acid substitutions in the complete capsid gene among 29 GI1.2 strains collected in the
GenBank, The Netherlands, and Japan over a 30-year period

Nucleotide substitutions

Amino acid substitutions

Pt Nuo, at the indicated

subdomain® No, of position of the Synony Nonsynony No, afl Informative
I M changed codon changes (no.) changes (no.) bstitutions hanges (no.)
Ist Ind 3rd
N 20 1] 2 18 17 3 3 1
5 137 9 3 125 13 6 6 1
P1 162 17 7 138 143 19 16 4
P1-1 53 4 2 47 49 4 3 2
P1-2 109 13 5 n 94 15 13 2
P2 169 28 13 128 128 41 34 19
Total 488 54 25 409 419 69 59 25

# Sce note to Table 3.
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d Gl1.2 NoV strains slxwtng mutations along the ﬂignud sequences. The upper sequence

alignment group (A) includes the Melksham-like strains and the lower group (B)includes the other GI1.2 strains, which were recombinant genomes, In
mhymp.wqummmmddumnhguﬂy&mmp(ohm)wbwm(mmmn The detection years of the strains are indicated in
fi ive sites among Melksham-like strains. The arrow denotes cumulatively changing amino acid positions (342,

MandNS]mmgMdkshaml:kemmm above the

indicate the sequence position relative to the position in the capsid protein

of strain Melksham. Underlined sequences indicate the KGE motif that corresponds to the RGD-like motif of other NoVs and was determined with the
amino acid sequence alignment of other NoVs according to Tan et al. (34). For strain abbreviations, see Table 1.

other in the P2 subdomain (Fig. 4). Furthermore, residues 342,
344, 345 of the P2 subdomain and residues 245 and 440 of the
P1 subdomain were grouped closcly together on the predicted
3D structure of a dimer (3D-modeling by WHAT IF) (Fig. 5).

DISCUSSION

In this study, we analyzed the complete capsid gene of GIL2
NoVs collected over a 30-year period. The collection included
a relatively large sample from an epidemic that was observed
only in Japan in the spring period of 2004. In this 3-month
period, no evolutionary changes were observed, but compared
with other GIL.2 Melksham-like strains these variants had
unique amino acid sequences (S or P) at position 364, One of

the recombinant genomes, strain 02022, had the same amino
acid residues, suggesting that the presence of this mutation was
not causally related to the epidemic pattern. The sequence
analysis confirmed that the spring epidemic was an outbreak.

Molecular characterization of the GII.2 capsids over the full
study period showed an interesting difference between recom-
binant genomes and nonrecombinant (Melksham-like) ge-
nomes. The Melksham-like strains clearly evolved over time,
with accumulation of mutations particularly in the P2 subdo-
main. In contrast, GIL2 capsids from recombinant genomes
did not fit this pattern and had a seemingly erratic pattern of
mutations, Melksham-like strains are occasionally observed in
molecular surveillance data from The Netherlands and Osaka

TABLE 5. The numbers of nucleotide and amino acid substitutions in the compleie capsid gene among 20 Melksham-like
strains over a 12-year period

Nucleotide substitutions

Amino acid substitutions

Domain or No, at the indicated

bdomain™ No. of position of the Synony Nonsynony No. of Informative
sul l Ahacingyt changed codon changes (no.) changes (no.) berituti hanges (no.)
Ist 2nd Ard
N 10 0 2 8 8 2 2 0
S 81 4 3 7 76 5 6 1
P1 98 8 3 87 89 9 8 2
Pi-1 34 2 1 3 32 2 2 1
Pi-2 64 6 2 56 57 7 f 1
P2 112 13 6 93 94 18 16 9
Total 301 25 14 262 267 34 32 12

“ Sece note 10 Table 3.
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