-1- SPECIFICATION ENRICHMENT METHOD OF VIRUS TECHNICAL
FIELD [0001] The present invention relates to a novel method of
increasing the concentration of a virus or a viral vector while maintaining
an infection ability of the same, and a kit for performing the method. The
present invention relates to a safe and simple technique for increasing a
concentration of a vector such as a retroviral vector or a herpesviral vector
useful in the field of a genetic therapy. vaccines, and the like.
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sufficiently obtained at a low concentration of a viral vector, a

concentration is required to be adjusted to an adequate level. In the field
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concentra e virus'is, for example ?racentrifugation. Unfortunately,

BADImretadDragufres use of expensive equipment and a long time for
separation and thus a large amount of work is required to carry out the
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reqRIRC R At jobiaetvitnsdatick ik dsadvamageaust-genetic therapy, the success of
therapy depends on the efficiency of gene introduction into cells, and therefore viral vectors
with high gene introduction efficiency are used. However, regarding retroviral vectors
including lentiviral vectors, viruses showing high titers have not been obtained; hence, the
efficiency of gene introduction is not sufficient. Accordingly, various processes for
concentrating viruses and products based on such processes have been developed, but they
still have various practical problems, as the matter stands.

[0003] A method of raising the concentration of a virus in a solution and thereby
concentrating the virus is, for example, ultracentrifugation. Unfortunately, this method
requires use of expensive equipment and a long time for separation and thus a large amount
of work is required to carry out the method. Another known method of concentrating a
virus is precipitation of the virus with ammonium sulfate or polyethylene glycol.
Unfortunately, such a method may preclude the subsequent procedures because the reagent

used and other precipitated components in the method are harmful to infected cells. This

requires purification of the sample after precipitation of the virus, which is disadvantageous



in that it requires a large amount of work. A method of concentrating virus
particles themselves by using an antibody has also been developed
(Japanese Patent Public Disclosure No. 2002-78485). However, this
method may inhibit the function of protein on the virus surface and
thereby affect infection ability of the virys. For example, virus particles
should be separated from an antibody TGinder strongly acidic conditions
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concentration of a virus’in a body fluid cannot be determined quantitatively
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concentration of a viral vector that is used in, for example, a genetic
enttrmesinore owiceliderherinojaisdovietrodsis dtden arsarapleu(it @2e&t/0d04b). In all
be obtained. Thus, adjustment of the concentration is required. [0008]
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PRIOR ART DOCUMENTS
[0006] Patent Document 1: Japanese Unexamined Patent Application Publication No. 2002-
078485

Patent Document 2: Japanese Unexamined Patent Application Publication No. 2002-
165591

Patent Document 3: International Publication No. W0O2001/079456
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVNETION
[0007] A concentration of a virus in a body fluid cannot be determined quantitatively at a
level lower than a detection limit of a known method. If a concentration of a viral vector
that is used in, for example, a genetic therapy or a vaccine therapy is low, a desirable
therapeutic effect cannot be obtained. Thus, adjustment of the concentration is required.
[0008] Accordingly, it is an object of the present invention to provide a simple method of

concentrating a virus or a viral vector in a solution.  Another object of the present invention



is to provide a simple method of concentrating a virus or a viral vector
from a low level virus solution and obtaining the virus or the viral vector in
an isolated state maintaining infection ability. In particular, it is an object
of the present invention to provide a safe and simple technique of
increasing a concentration of a vector_sy(_:h as a retroviral vector or a
herpes- viral vector useful for genetic therapy or a vaccine. MEANS FOR
. .SOLVING THE PROBLEMS [0009] The inventors have conducted )
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inventors have also found that a recovery rate of a human herpesvirus or
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also found that a recovery rate of a lentiviral vector is significantly
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witHiRicalingnageg wargddeyiothgoiigve-mentioned method with a proper
saccharide. Surprisingly, the isolated virus maintains its infection ability.

[0018E inVerityientsdarealroiodntidna prefonsnyer sigcihhid@aronespestijus or its
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binding sugar chain: sugar chain containing N-acetylgalactosamine (GalNAc)), SSA (derived
from Sambucus sieboldiana, binding sugar chain: sugar chain containing a2,6-linked sialic
acid (Siaa2,6)), DSA (derived from Datura stramonium, binding sugar chain: sugar chain
containing N-acetylglucosamine (GIcNAc)), and WGA (derived from wheat germ, binding
sugar chain: sugar chain containing N-acetylglucosamine (GIcNAC) or sialic acid).

[0011] The inventors have also found that a recovery rate of a lentiviral vector is
significantly increased by use of a lectin selected from WGA and SBA.

[0012] Furthermore, the inventors have succeeded in elution of a virus or a viral vector
from a carrier to which the virus or viral vector is bound by treating the carrier recovered by
the above-mentioned method with a proper saccharide.  Surprisingly, the isolated virus
maintains its infection ability. The inventors have also found that a preferable saccharide

for eluting a virus or a viral vector is a chito-oligosaccharide for WGA or N-acetyl-D-



galactosamine or a saccharide containing thereof for SBA. [0013] Based
on these findings, the present invention provides a novel method of
increasing simply a concentration of a virus or a viral vector while
maintaining an infection ability thereof. [0014] Accordingly, the present
invention relates to the following aspects. [0015] Embodiment 1: A method
of increasing a concentration of a virus, including the steps of: (1)

bringing a lectin into contact with a virus-containing solution to bind the
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makes the virus bound to the lectin bind to the carrier; (2) separating the
theeegrkier from the virus-containing solution; (3) treating the recovered carrier
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eluate after step (3) to obtain a concentrated solution of the virus. [0016]
stefismBiodiment 2: A method of increasing a concentration of a virus including
the steps of: (1) mixing a virus-containing solution with a biotinylated
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with solution containing a saccharide to elute the virus from the carrier,
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containing solution in step (}")\; and (4) separating the carrier from the
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(2) separating the carrier from the virus-containing solution;

(3) treating the recovered carrier with solution containing a saccharide to elute the virus from
the carrier, wherein the volume of the eluate is smaller than the volume of the virus-
containing solution in step (1); and

(4) separating the carrier from the eluate after step (3) to obtain a concentrated solution of the
virus.

[0016] Embodiment 2: A method of increasing a concentration of a virus including the
steps of:

(1) mixing a virus-containing solution with a biotinylated lectin for bringing a virus into
contact with the biotinylated lectin, and then adding a biotin-binding protein-immobilized
carrier thereto to make the virus bound to the biotinylated lectin bind to the carrier;

(2) separating the carrier from the virus-containing solution;

(3) treating the recovered carrier with solution containing a saccharide to elute the virus from
the carrier, wherein the volume of the eluate is smaller than the volume of the virus-
containing solution in step (1); and

(4) separating the carrier from the eluate after step (3) to obtain a concentrated solution of the



virus. [0017] Embodiment 3: The method according to embodiment 1 or 2,
wherein the virus is a virus having an envelope or a virus derived
therefrom. [0018] Embodiment 4: The method according to embodiment 1
or 2, wherein the virus is a lentivirus or a herpesvirus. [0019] Embodiment
5: The method according to embodiment 1 or 2, wherein the lectin is a
lectin that binds to a sugar chain containing at least one of
. N-acetylgalactosamine (GalNAc), u,2,6-linked sialic acid (Siact2,6), and
VIN§:acetylglucosamine (G1cNAc). [0020] Embodiment 6: The method
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consisting of SBA (derived from soybean), SSA (derived from Sambucus
virgeheidgaakiv8dptderveitfsair Veduhestfi@monium), and WGA (derived
from wheat germ). [0021] Embodiment 7: The method according to
[00d&Ibdeimhedimest £; Iiechsthedetseriing oo eebricrid eb WheRiBeirus is a
| nd the saﬁcharide used for elution of the virus is a chito- oligosaccharide;
engviie & e@@ﬁ',&ufderived from soybean), and the saccharide used for
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théreof. [0022] Embodiment 8: The method according to embodiment 1 or
lectin Wiae emithe aBugaischaie ntintaising) et lkatnaseWhdciyilathttoramihe #GalNAC),
erm), and the saccharide used for elution of the virus is a
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including the steps of: (1) bringing a virus-containing solution into contact
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100 nm to make the virus bind to the nanobeads; (2) separating the
WheahashBads from the virus-containing solution; (3) treating the recovered
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nobeads, wherein the volume o ate is smaller than the
WaAldea\adin®yitvBedi-germ), and the saccharide used for elution of the virus is a chito-

oligosaccharide; or the lectin is SBA (derived from soybean), and the saccharide used for
elution of the virus is N-acetyl-D-galactosamine or a saccharide containing thereof.

[0022] Embodiment 8: The method according to embodiment 1 or 2, wherein the virus is a
lentivirus, the lectin is WGA (derived from wheat germ), and the saccharide used for elution
of the virus is a chito-oligosaccharide; or the virus is a lentivirus, the lectin is SBA (derived
from soybean), and the saccharide used for elution of the virus is N-acetyl-D-galactosamine
or a saccharide containing thereof.

[0023] Embodiment 9: A method of increasing the concentration of a virus including the
steps of:

(1) bringing a virus-containing solution into contact with a lectin being directly bound to
nanobeads having a diameter of 10 to 100 nm to make the virus bind to the nanobeads;

(2) separating the nanobeads from the virus-containing solution;

(3) treating the recovered nanobeads with solution containing a saccharide to elute the virus

from the nanobeads, wherein the volume of the eluate is smaller than the volume of the virus-



containing solution in step (1); and (4) separating the nanobeads from the
eluate after step (3) to obtain a concentrated solution of the virus. [0024]
Embodiment 10: A kit for increasing a concentration of a virus by the
method according to embodiment 2, the kit including: a biotinylated lectin,
biotin-binding protein-immobilized bea_dg,_and a saccharide for eluting the
virus from the carrier. [0025] Embodiment 11: A kit for increasing the
co_ncentra}tiqn of a virus by the method according to embodiment 2, the kit

Comﬂm@ %H?Bi&ﬁf?ﬁ’a@ﬁ A, a biotin-binding protein, and a ‘

(4) SEES AP RROGRIRGAOH N %%WA%%%&%@Té@'%'ab%ﬂgé%ﬁé@h‘?ﬂ&ea%lution of
N-acetyl-D-galactosamine or a saccharide containing thereof.

the ADMANTAGES OF THE INVENTION [0026] According to the present
invention, a virus or a viral vector in a solution can be concentrated

[002 dilyMmbadEnerdiAtaifitd fieeintirastieheasmegneatienrab & SR IPYTINNEsRod
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[0026] According to the present invention, a virus or a viral vector in a solution can be
concentrated readily, while maintaining their infection ability.
BRIEF DESCRIPTION OF THE DRAWINGS
[0027] Fig. 1is fluorescence photomicrographs showing the results of a test for non-
specific adsorption of HHV-6 to tamavidin beads. The bright green spots show MT-4 cells
serving as indicator cells infected with EGFP recombinant HHV-6. One spot represents one
infectious virus particle (the difference in brightness of each spot depends on a difference in
gene expression of the virus after infection). The left photograph shows the results after a
HHV-6 virus solution (stock solution) was applied to MT-4 cells. The right photograph
shows the results after a HHV-6 virus solution (stock solution) was brought into contact with
tamavidin beads in the absence of a lectin, and then the virus adsorbed to the tamavidin beads
was applied to MT-4 cells.

Fig. 2 is fluorescence photomicrographs showing the results of a test for effects of
each of lectins, i.e., ABA, DSA, Lotus, MAM, or PHA-E4, on concentration of HHV-6.

The bright green spots show MT-4 cells serving as indicator cells infected with EGFP



recombinant HHV-6. One spot represents one infectious virus particle (the
difference in brightness of each spot depends on a difference in gene
expression of the virus after infection). Fig. 3 is fluorescence
photomicrographs showing the results of a test for effects of each of
lectins, i.e., PHA-L4, UEA-I, SBA, or SSA, on concentration of HHV-6. The
bright green spots show MT-4 cells serving as indicator cells infected with

EGEP recombinant HHV-6. One spot represents one infectious virus )
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andcRnseRtiatingadrus The present invention provides a method of increasing
the concentration of a virus, the method including the steps of: (1)
bringirig.2bliscaigrat showing thizidegrérust eoritdiniens sbldtidr-6obiatithdy a lectin
virus to the lectin, wherein (i) the lectin is linked to a molecule capable of

and, MG Beads alfes sanduRtingomIisBm e AE LY AAFRIHARE RIRAE D 2
sacBhglitpereby makes the virus bound to the -8-

Fig. 6 is fluorescence photomicrographs showing the results of a test for effects of a
lectin and tamavidin beads on concentration of a lentiviral vector. The bright green spots
show 293 cells serving as indicator cells infected with an EGFP recombinant lentiviral vector.
One spot represents one infectious virus particle (the difference in brightness of each spot
depends on a difference in gene expression of the virus after infection).

Fig. 7 is a graph showing the degree of enrichment of a lentiviral vector by a lectin
and tamavidin beads.

EMBODIMENTS OF THE INVENTION
[0028] The present invention will be described in further detail below.

[0029] 1. Method of concentrating virus

The present invention provides a method of increasing the concentration of a virus,
the method including the steps of:
(1) bringing a lectin into contact with a virus-containing solution to bind the virus to the
lectin, wherein (i) the lectin is linked to a molecule capable of binding to a carrier and is

immobilized to the carrier through the molecule and thereby makes the virus bound to the



lectin bind indirectly to the carrier, or (ii) the lectin is directly immobilized to
a carrier and thereby makes the virus bound to the lectin bind to the
carrier; (2) separating the carrier from the virus-containing solution; (3)
treating the recovered carrier with solution containing a saccharide to
elute the virus from the carrier, where_irét_he volume of the eluate is
smaller than the volume of the virus- containing solution in step (1); and

4) separating the carrier from the eluate after step (3) to obtain a i
el AR IR CFHE Oh) (B SO E LA RN G @ carer and
r ' ' j ' in.detail below. [0031]
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(2) iscpavitiigttat chaieafrem\tatogpeusrcantiiming stoutiejved from the virus. Ina
preferred embodiment, the target virus to be concentrated may be

(3) deseidnadTeareaNeredciap oo MeiktisR) LopaaniRisdy weehadagdeedie the virus from
vectors, tpgaviryses, togavirus-derived vectars, corgnavirpses, .
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corﬁ%ifﬁp{g g_@ﬁ&idﬁifpéfgbiﬁgi%mpd vectors, herpesviruses, and

herpesvirus-derived vectors. In another preferred embodiment, the target
(4) vepar ati raptioe neeidr ditenh tha e loate déatisteps 3 te obidin s-denvendratedten|wion of the
~human herpesvirus 6 (variants A and B of human herpesvirus 6:
Vilfgereinafter, referred to collectively as HHV-6), a HHV-6-derived vector, a

[oogmagahﬁ%%wgg% %‘?rt%'{g‘%féﬁ%or Seihed (35 W(g@@n il be described in detail
-7-derivedvector, a cytomegalovirus (also called human herpésvirus
belfl.@ HHV-5-derived vector, an Epstein-Barr virus (EBV), or an

EBV-derived vector, and more preferably a lentivirus, a lentivirus-derived
[00Ba¢toX/iksV-6, a HHV-6-derived vector, HHV-7, or a HHV-7-derived

vector. [0032] Virus-containing solution In this description, the term

“virusTEBHHTiHRy RoRaER S B A ST EBING R Qe L1 GRRRS HovgRrion is a virus that
eSO DS B RETSTL Qe T, e
tar(e@GIRU$QdIee-Soncentrated may be selected from the group consisting of poxviruses,
poxvirus-derived vectors, togaviruses, togavirus-derived vectors, coronaviruses, coronavirus-
derived vectors, flaviviruses, flavivirus-derived vectors, retroviruses, retrovirus-derived
vectors, herpesviruses, and herpesvirus-derived vectors. In another preferred embodiment,
the target virus to be concentrated may be a lentivirus, a lentivirus-derived vector, a human
herpesvirus 6 (variants A and B of human herpesvirus 6: hereinafter, referred to collectively
as HHV-6), a HHV-6-derived vector, a human herpesvirus 7 (hereinafter, referred to as
HHV-7), a HHV-7-derived vector, a cytomegalovirus (also called human herpesvirus 5), a
HHV-5-derived vector, an Epstein-Barr virus (EBV), or an EBV-derived vector, and more
preferably a lentivirus, a lentivirus-derived vector, HHV-6, a HHV-6-derived vector, HHV-7,

or a HHV-7-derived vector.

[0032] Virus-containing solution

In this description, the term "virus-containing solution™ is a material containing a
virus to be concentrated in the method of the present invention.  The virus-containing

solution may be, for example, a buffer solution containing a virus or a viral vector to be



concentrated, or a body fluid. Throughout the description, the term "
virus-containing solution" may be referred to simply as a sample. [0033]
The solution containing a virus or a viral vector to be concentrated can be
prepared by any method known to those skilled in the art. [0034] In this
description, the body fluid may be sele:cée_d from any of saliva, blood,
serum, semen, cerebrospinal fluid, pharynx wiping liquid, breast milk,

ascitic fluid, perspiration, tear, and urine, withoyt limjtation. Bady fluid can

corGE et o ek oLERLEINF Yo R ESCIRNIER: HeHE Rl i containing
1GRURELS wflidmaXie freated rding to need, as long as the

>0 treatment does notﬁ%cﬁ%g infect?gn% agbility of the virus. [0035] Lectin In

[0088% dEBelplitivntbentainindectinlseieds/icbvaarthardedioeingtptaienbe prepared
that recognizes a sugar chain and binds thereto. Each lectin selectively

by pitydveBep&emestiyioseHhied0oi¥e] arhe lectin used in the present

invention is not limited particylarly.as long as it can _bind to a virus.
00 el RS R e T SRt R a2l oo serum.
sent& EdBEL _it?eﬂ?i@ﬂ?p%%rﬁ@ﬁﬁpﬁ?'ﬁﬁlﬂﬁ?ﬂ?@&?tQﬁ‘iﬂ@,'ﬂ@tﬁ?ic%l%iﬁ,"ﬁ%’fﬁqration, tear,
sialic acid (Siact2,6), and N-acetylglucosamine (G1cNAc). More preferred
ancecanepleghoiuthiéniéationnclBddySBAd(earditicotiected djrany swthedknown to those
binding sugar chain: sugar chain containing N- acetylgalactosamine

skilgrhiN ) #is s AR debarrerbpr@n bk lieatedistiaIt MiealodiAings long as the
hain: sugar chain containing.u,2.6:linked sialic acid (Siact2,6)),
treagpg%ﬁgc@%ﬁﬁ% gﬁ\%ﬁq efﬂgfﬁcﬂg?uarﬁﬁs@a%@(t)rﬁqt}/rﬁ,ﬂ%inding sugar chain:
[o0SgPalLelfin containing N-acetylglucosamine (G1cNAc)), and WGA (a
lectin derived from wheat germ, binding sugar chain: sugar chain
contalnithisiescepflghicbs tarimel¢mENgle)sdo siaticchaiitje{0d@ir]gmrotein that
particular, SBA, SSA, DSA, or WGA is more preferable for increasing the
rechgRizen & sHBR &ralhandneihesitus BRY HRRHRSalRAbEYiRIads dpgRECITic sugar
chaY?&tor' SBA or WGA is more preferable for increasing the concentration
of a lentivirus or a lentivirus- derived vector. [0038] In an embodiment of

[0048] prEReRtivesiipm thegestint mavhp tisedopYibeingpdinesiliriPas long as it can

bind to a virus. Preferred examples of the lectin are those that bind to sugar chains
containing at least one of N-acetylgalactosamine (GalNAc), a.2,6-linked sialic acid (Siaa2,6),
and N-acetylglucosamine (GIcNAc). More preferred examples of the lectin include SBA (a
lectin derived from soybean, binding sugar chain: sugar chain containing N-
acetylgalactosamine (GalNAc)), SSA (a lectin derived from Sambucus sieboldiana, binding
sugar chain: sugar chain containing a.2,6-linked sialic acid (Siaa2,6)), DSA (a lectin derived
from Datura stramonium, binding sugar chain: sugar chain containing N-acetylglucosamine
(GIcNAC)), and WGA (a lectin derived from wheat germ, binding sugar chain: sugar chain
containing N-acetylglucosamine (GIcNAC) or sialic acid).

[0037] In particular, SBA, SSA, DSA, or WGA is more preferable for increasing the
concentration of a human herpesvirus or a human herpesvirus-derived vector. SBA or
WGA is more preferable for increasing the concentration of a lentivirus or a lentivirus-
derived vector.

[0038] In an embodiment of the present invention, the lectin may be used by being directly



immobilized to a carrier. [0039] In another embodiment, the lectin may be
used after being indirectly immobilized to a carrier. An example of indirect
immobilization is binding of the lectin and the carrier through a binding
between biotin and a biotin-binding protein. More specifically, indirect
immobilization of the lectin to the carrielr can be achieved by biotinylating
the lectin and, at the same time, Iinkihg(%ﬁe lectin to the surface of the

. carrier, and then binding the biotin and the biotin-binding protein. [0040]

'mfa%[beZF (RfSBFEEENL invention, the carrier is not limited particularly as

(00589 35 At PQH%oﬂa‘ier?R,'Wﬁéqmgﬂagﬁ?hﬁé@mﬁ'ﬁbé}. %ﬁfi@&f@%ﬁflbnized to

be'separated from a reaction mixtur tration, precipitation, magnetic

a caearation erirapleofiedinggt [AOAdLiExaiopleiding ofateriattonatttingarrier
the solid carrier include, but are not limited to, cellulose, Teflon

throrsdi stk redinealbRIWRAR Piafovrd 8l BEdinabiaisa Hrefeinly s fpg@éically, indirect

m B R BT AL U1 e RO e RylgHeS (e fectin and,
theRaMENIRYIHRRR ifadiim i <SHieee SHaSScIASE TRPtGRlSInBIAY M biotin and

silver, copper, iron, stainless steel, ferrite, silicon wafers, polyethylene,
the oadytytetiegrpioipolylactic acid, resins, polysaccharides, proteins (e.g.,

albumin), carbon, and combinations thereof. [0042] Examples of the
[004Q%pEaidle solid carrier include, but not limited to, beads, magnetic

beadls, 0 0 THCLRRRRYIREYyRES G BIBIES: PUGIORAIES S830%s  sold

nanotubes,"and sensor chips. A planar solid carfier, suc hin

or ARSI MRleRgl @6R\dRaadth, fe@IaTRICPilse pRdes) fHoeT HRSLRMSH mixture

as known in the art. [0043] In one embodiment of the present invention,
by fileratiagneecipiaiionc aragiatic aepahatiicalodidretaednsihe range of from
about 10 nm to about 1 mm. Ina preferred embodiment, the magnetic

(008 haExarBles LR Al PapHHLRg WertPLEGATERS K YdeaBuLe"e Aghlimited to
A O T S S A B
spheftodimeintofddaranesrnbianepsigsty/paadp anadeytinidigbhlyeass;linked
polil%za%l;bonates, polyamides, polypropylene, nylons, polydivinylidene difluoride, latex, silica,
glass, glass fiber, gold, platinum, silver, copper, iron, stainless steel, ferrite, silicon wafers,
polyethylene, polyethyleneimine, polylactic acid, resins, polysaccharides, proteins (e.g.,
albumin), carbon, and combinations thereof.

[0042] Examples of the shape of the solid carrier include, but not limited to, beads,
magnetic beads, thin films, microcapillary tubes, filters, plates, microplates, carbon
nanotubes, and sensor chips. A planar solid carrier, such as a thin film or a plate, may be
provided with, for example, pits, grooves, filter bottoms, as known in the art.

[0043] In one embodiment of the present invention, the magnetic beads can have a spherical
diameter in the range of from about 10 nm to about 1 mm. In a preferred embodiment, the
magnetic beads have a diameter in the ranges of from about 25 nm to about 1 mm and from
about 50 nm to about 100 um. The size of the magnetic beads can be selected according to
specific application.

[0044] In one embodiment of the present invention, beads made of a highly cross-linked



spherical agaroses, such as sepharose, can have a diameter in a range of
from about 24 to about 165 m. Ina preferred embodiment, the highly
cross-linked spherical agarose beads have a diameter in a range of from
about 24 to about 44 m. The size of the highly cross- linked spherical
agarose beads can be selected accor_d'rig_ to specific application. [0045]
Examples of the solid carrier having a hydrophobic surface include
polystyrene latex beads that are commercially avajlable from

spﬁgg@ I

S BB IR ASTRERRSENR YD A6} B RelTIRE Bgimek from about 24 to
abtﬁ'%@'ﬂﬁ@teﬂ]%ﬁ’@@r@'%&ﬂ& 894 I‘ﬁ%ﬁ?r mg%uﬁlﬁke spherical agarose beads
superparamagnetic silica beads that are available from Polysciences Tnc.

havié adiditieter -2 86h gof e nisgsh vvbicty ishcorvnerneiallyrhy siletde diemighly cross-
_ Dynal Biotech LLC. [0047] Examples of the magnetic beads having a
linkpebspaiifeladdsese hradtieapdads|esseameseitingdosnapiticanplication.
Palysciences Inc. under a trade name of Biomag (registered trademark
00 SRR G (NS00 LA AN SN S EdBO MRy Wrene ltex
beals PAFHIRR Mt Lis RRiERE R BbIFCRMEBETRRI BURERMR ArRE
Dynal Biotech LLC. [0048] Direct binding of lectin and carrier In one
[0046]bdeikareplesfothe| mee &AL, Javesttid oy thibde ¢Bi0ktkasediselithchoritreinclude
carrier can be used. In this case, from a viewpoint of increasing

SUHﬂ@ﬁf%‘@ﬁﬂ%t%%@%BWSHEM@@W@ﬁaMEOAMEWE%Hlﬁﬂn?ﬂlﬁﬁ_ggﬂm’ M-280
car S5 FAEE SRR PASRERCS 96 e i perp s Brownian

f
motion. The preterred spherical diaméter of the nanobeads ranges from
[0046]t0 ER4HNRSs BYOFR PigiRENR! Y dhashalilg 4 AytrogRiRElstiateimENBCBERs
the nanobeads preferably contain a magnetic material so that the
comanectiekiylsvaalalile trofeBdyisaieadily withiaderayiade BrengplaSiofmdg(registered
nanobeads include, but are not limited to, magnetic nanobeads, such as

traqamers) GREPSISA ARG REaREME AR ARIRRIS BRMVRBAS HBRiaterdRe.  In
addiBhPM-B20 LR UL SYAREAIT CaRMe LM BRe IR DDIRF BBtech LLC.

etween a protein and a carrier known to tnose s in the art.

[00e3RMpleschisi mIpigiHF favdithaeariigecan be linked by modifying the carrier
surface so as to expose carboxyl groups at the surface and coupling the

carboRyPat GOROLiNesning Yroppesest dneeniesine iessipliniedativgetly to the carrier
carthg A T i S o RS HERLSE 5 D ket 8e8 & Esociaion

between virus particles and a lectin-immobilized carrier, the carrier should be nanobeads of a

size that permits Brownian motion. The preferred spherical diameter of the nanobeads
ranges from 10 to 100 nm, more preferably from 30 to 70 nm. In addition, in this case, the
nanobeads preferably contain a magnetic material so that the nanobeads can be collected
readily with a magnet. Examples of the nanobeads include, but are not limited to, magnetic
nanobeads, such as MACS MicroBeads (diameter: 50 nm) available from Miltenyi Biotech
Inc.

[0049] The lectin and the carrier can be linked by a coupling process between a protein and
a carrier known to those skilled in the art.  For example, the protein and the carrier can be
linked by modifying the carrier surface so as to expose carboxyl groups at the surface and
coupling the carboxyl groups to amino groups of the protein in the presence of 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide (EDC), which is a cross-linking reagent. ~ Alternatively,



for example, the carboxyl groups of the carrier surface and the amino
groups of the protein can be linked by actively esterifying the carboxyl
groups of the carrier surface by N- hydroxysuccinimide (NHS) and mixing
the carrier with the protein in a buffer that does not contain primary amino
groups and has a pH of 6.5t0 9. [OOSplf\l_ternatively, the amino groups of
the carrier surface and the amino groups of the protein can be linked by

usin cross-linking reagent, BS3 (bis[sulfosuccinimidyl] suberate) or .
for B ke AR LU e 1 A e R 004N AR BB a g protein
. 6 protei . i rose-linkin
ca e e P o A D e A e -
hydidx(gsieirimide (NEYBYlaxy faudeon b de)rifdQbit) theipestehindiaguffdedit does not

and carrier In another embodiment of the present invention, the lectin
contaicelr imaieatmine arothpaRdas dieHiebl.oer%xample, the lectin can be
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preferable. A sphérical diameter of the beads is preferably in the range o
or DSSt(dik06cimjmidyé uiefertay lprte tnfifogreupd ofdbe qaeferaibtfadetand the thiol
[005?}] In this description, the term "biotin" is a ?gneral name of

groppf @f-ie IHeseiR yaroRe gk iy HsiBE L C5085-HiRfH A SRRV RIR R EN B UERIRIMIdy

IQtin s, a water-soluble vitapy ified into a Vitamin B group. and |
B R e ST e D S AR R ™)
[00sa$esndirePintifi s detimvalincavhigh is a glycoprotein contained in

albumen, with very high affinity. [0054] In this description, the term "biotin"

also ilchndézebastibodiaksg © lehpegséntinvitsiotion, (HHe fieriiml i @iteal inPiectly to a

Natl. Acad. Sci. USA, (19801) 77: 4666-4668), desthiobjotin (Hirsch, et al., .
CarielNaYiBenshe., (JuSramelesangdesiin SRR KA IBtRr Ly dgeantier. by being
B e AR e o the by
beihipisyhationtiepain-bictine phateimot limited to, Pierce products (in

parentheses, the - 13
[0052] In this case, use of beads as a carrier is preferable. A spherical diameter of the

beads is preferably in the range of 0.1 to 100 um, more preferably 0.5 to 10 um, and most
preferably 1to 5 um.

[0053] In this description, the term "biotin™ is a general name of D-[(+)-cis-hexahydro-2-
ox0-1H-thieno-(3,4)-imidazole-4-valeric acid]. The biotin is a water-soluble vitamin
classified into a Vitamin B group and is also called Vitamin By, or called Vitamin H or
coenzyme R in some cases. The biotin binds to avidin, which is a glycoprotein contained in
albumen, with very high affinity.

[0054] In this description, the term "biotin™ also includes biotin analogs such as iminobiotin
(Hofmann, et al., Proc. Natl. Acad. Sci. USA, (1980) 77: 4666-4668), desthiobiotin (Hirsch,
et al., Anal. Biochem., (2002) 308: 343-357), biocytin, and biotin sulfoxide, in addition to the
above-mentioned biotin.

[0055] The lectin may be biotinylated by using a biotinylation reagent. Examples of

usable biotinylation reagent include, but not limited to, Pierce products (in parentheses, the



linker length and the reactive group are described in this order), such as
EZ-Link (registered trademark) Sulfo-NHS-Biotin (13.5 A, primary amine),
EZ-Link (registered trademark) Sulfo-NHS-LC-Biotin (22.4 A, primary
amine), EZ-Link (registered trademark) Sulfo-NHS- LCLC-Biotin (30.5 A,
primary amine), EZ-Link (registered tragemark) PFP-Biotin (9.6 A,
amine), EZ-Link (registered trademark) Maleimide-PEO2-Biotin (29.1 A,

sS40 GRS, TR G R AEEPEHLINAP B PIOR L il eustered
SR G RS LT Rt

SulBjertirtS-CEipivanide2(2 A7 phinadele hivdeelredpl.imin ¢ doisteiol (ragpsianedSulfo-NHS-
trademark) NHS- Iminobiotin (13.5 A, primary amine). [0056] Using such
L ChiotRiatindRelychrimpey [amireddndob inkKerpisasrstiasiemackhRrP-Biotin (9.6 A,

method. [0057] For ex le, a higtinylation reagent containi NHS
o G o B R SOE EODHIED (e thgio! roup), E2-
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(reditterndtirselymarty BasenaleD,alidioNmyiati@2.eeAgemborytajring) ABERAOInk (registered

n may be. linked to the lectin by first changin

roups is used, biotin _ nging
tragRupBEo, PR BT SRRt ) cRIoBYSB B Sl e SRSBRFRTISaloEpark)

. -ethyl-3-(3-dimethylaminopropylcarbodiimide .h hlorid DC
B e ST e b e AN, U B P e R et s
ImineBide R(REIPA aRRHAS tariad). lectin. [0058] Instead, the biotinylated
lectin may be purchased from, for example, J-Oil Mills Inc. as a
[00bktintlaingledclebiintiniasromticeggnthiddletiny lctte ddd ttkedriayb o pimydakedwn
by linking biotin to a desired lectin by using a biotin labeling kit (for
ple, though not limited to, EZ-Link (registered trademark)

me
S oBin ) : ) oy ) it NL _
e e G R o g g ar
organRepleera Rieting BRSEetmBny e Isriteyed dpesphdteshontaf havieneH 7-pH 9,
of a lectin to a DNA encoding a peptide comprising a biotinylated
ancsBgndhesol copiirriise &7 Hedttin csqoiasdlingi esTpsdinkechiy thedectin.

expression of a fusign protein havin
Alternatively, ina case when a blotlnyefatlo%

-r%g'éent containing amino groups is used, biotin
may be linked to the lectin by first changing carboxyl groups of the lectin to active ester by
using a carbodiimide such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(EDC) and then adding the biotinylation reagent dissolved in a buffer solution having a pH of
about 5 to said lectin.

[0058] Instead, the biotinylated lectin may be purchased from, for example, J-Oil Mills Inc.
as a biotin-labeled lectin.  Alternatively, the biotinylated lectin may be produced by linking
biotin to a desired lectin by using a biotin labeling kit (for example, though not limited to,
EZ-Link (registered trademark) NHS-Lc-Biotin, a product of Pierce Inc.; or Biotin Labeling
Kit-NH2, a product of Dojindo Molecular Technologies, Inc.).

[0059] Alternatively, for example, a biotinylated lectin may be produced through fusion of

a gene of a lectin to a DNA encoding a peptide comprising a biotinylated sequence,

construction of a vector expressing this fused gene, and expression of a fusion protein having



the biotinylated sequence in a host (Schwarz et al., J. Biol. Chem., (1988),
263: 9640-9645). Examples of the vector include, but not limited to,
vectors containing a BioEase (trademark) tag, which is a product of
Invitrogen Inc. Among such vectors, a pcDNA (trademark) 6 vector for
mammalian cell expression, a pET104 yector for E. coli expression, and a
pMT/BioEase vector for Drosophila expression; can be utilized. [0060] In

the AT BB ok AR A T aPR B IR oA Lk d40-9645).
Eng%' EE‘%ﬂh@-ve@&%&&@e’?b@?ﬁb‘?%ﬁi Biadayddip sk @Infﬁg%r%io%%g%rademark)

80: 13250-13255), Rhizavidin (Biochem. J., (2007), 405: 397-405),

tagtavhirdén prodyaregnts iregenfinnay Aneiegadishbeectsed a prDaAtademark) 6
tamavidin and its variants can be preferably used. Tamavidin is a biotin-

veaspndaignaroteatian sell axpessiannaisidiemyrdes forebreflsexprasdepiaad a
ich is an edibl ushro WO 02/072817; Takakura et al., FEBS J.,
oM s b ot SR SR SHeo: (B CRAHEIEB wamanici s high
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No. 2008-208766, not yet published). [0061] The term "tamavidin" in the
biofirds@dinrbeetiouctedie m/idi tasteegtividir(ameatravioiacitl \/Se groteioe( B3&QelD. J.,
NO: 5, a nucleic acid sequence encoding thereof: SEQ ID NO: 4),

(200 3Adir® QO A AnfrRsadIR e RIALE ST, (BORRD: 2P élr?t?é@Té?e)?éE)' Rhizavidin
i ing t " ID. NO:_6), | f.
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In pHQISITECEMAEHE the AsaAAtdaesEpRERAbHERID NQMavRIiIPER Bidtin-

NO: 7 or a protein encoded by a nucleic acid comprising the nucleotide
bingénguignote ndh@B@s| MO 2 ms E EQYCed Ol ety ¢Xlte noanivedp) abentbictaiddimedible
of the present invention be a protein that is a variant of the protein

MU A7 adikekdadh Szt 005 2 (A2 BING: AN

o i aucleic. Ac ¢ . _ . N
o RS B P T A PR PR
(JaparidsyP stisnil apis itagibaiNan08in0B 1862 it & dtighaiity/low non-specific
binding activity. Throughout the description, tamavidin 1, tamavidin 2, and _
[0083]ariBhe tRieredampdie’ refdieddesent dneatiiemnefensio avianMi ook gnmareino acid

seq‘é@ﬁ?@#@%&@%g :iqj,laonru%lgi]c:?1 (?i% ge [J%tnecig é:nocr(])t |inng}ntﬁe?enoﬁrgi£8 %iﬂlo: 4),
tamavidin 2 (an amino acid sequence: SEQ ID NO: 7, a nucleic acid sequence encoding
thereof: SEQ ID NO: 6), or a variant thereof. ~ Specifically, the tamavidin of the present
invention may be typically a protein comprising the amino acid sequence of SEQ ID NO: 5
or SEQ ID NO: 7 or a protein encoded by a nucleic acid comprising the nucleotide sequence
of SEQ ID NO: 4 or SEQ ID NO: 6. Alternatively, the tamavidin of the present invention
may be a protein that is a variant of the protein comprising the amino acid sequence of SEQ
ID NO: 5 or SEQ ID NO: 7 or the protein encoded by a nucleic acid comprising the
nucleotide sequence of SEQ ID NO: 4 or SEQ ID NO: 6 and that has a biotin-binding activity
similar to that of tamavidin 1 or 2 or a high affinity/low non-specific binding activity.
Throughout the description, tamavidin 1, tamavidin 2, and a variant thereof may be referred
to collectively as tamavidin.

[0062] The variant of tamavidin 1 or 2 may be a protein containing an amino acid sequence



having deletion, substitution, insertion, and/or addition of one or more
amino acids in the amino acid sequence of SEQ ID NO: 5 or 7 and having
a biotin-binding activity similar to that of tamavidin 1 or 2. The substitution
may be a conservative substitution where a specific amino acid residue is
substituted by a residue having similqrﬂ{\ysiochemical characteristics.
Nonlimiting examples of the conservative substitution include substitution

hetween amino acid.residues_having aliphatic groups such as mutual ., .
naiip Seleian SHRSHRTIEN VP TTiah, B el QL LRSS e AR atigs in the
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or GIn-and Asn. [0 e variant by deletion; substitution, insertion,

thaeofiiahaddiionceZamimnieaaisisudan meymedeoastbyatios sxstipléon where a
induction of site-specific mutagenesis, which is a well-known technique,
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in this description may refer to one or several amino acids as appropriate.
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ation. Alternatively, the identity percentage between two protein
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~ B..and Wunsch, C. D. (J. Mol. Biol., (1970) 48: 443-453) and comparison
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[0064] Furthermore, the variant of tamavidin 1 or 2 may be a protein comprising an amino
acid sequence having an identity of at least 60%, preferably at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99%, and more preferably at least 99.3% with the amino acid sequence
of SEQ ID NO: 5 or 7 and having a biotin-binding activity similar to that of tamavidin 1 or 2
or a high affinity/low non-specific binding activity.

[0065] The identity percentage between two amino acid sequences may be determined by
visual inspection and mathematical computation.  Alternatively, the identity percentage
between two protein sequences may be determined based on the algorithm of Needleman, S.
B. and Wunsch, C. D. (J. Mol. Biol., (1970) 48: 443-453) and comparison of sequence
information using a GAP computer program, available from the University of Wisconsin

Genetics Computer Group (UWGCG). Preferred default parameters of the GAP program



include (1) scoring matrix, blosum 62, described in Henikoff, S. and
Henikoff, J. G. (Proc. Natl. Acad. Sci. USA, (1992) 89: 10915-10919); (2)
a gap weight of 12; (3) a gap length weight of 4; and (4) no penalty for
end gap. [0066] Other programs for sequence comparison that are used
by those skilled in the art may also be ysed. The identity percentage can
be determined by comparison of sequence information using, for
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mathematical computation, or, more referably, the sequence information
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ISCconsin VeI’SIOH program
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to comparison of two nucleic acid sequences, comparison of two amino
geraeidl g énpefousednisiogragfatiBonlobs nirclgeenite doe etond tyuboantage between
amino acid sequence can bed)erformed [0068] In the present invention,

tW(b?(@r'ﬂBlé%‘%F‘iﬂlé?@FﬁBl’é‘%ﬁ’% RIPATHRAT S PR BB Stichas lafmuenetic
O T G

algaﬂmrﬁequﬁ@gmtzé@éﬂdemlﬁtﬁ@lu@sN@yBecnrsearfcﬁrme@oa@eﬁuﬁgquence
having one or several amino acid modifications in this sequence or an

[00aflind a%id%ﬁiﬁwﬁwmiagm@ewwewuﬁ@b%@d pearenwisagide determined by
visSjiencs and showing a biofin-binding actvity, wherein one QLTINS e
information is compared using a computer program. A typical and preferred computer
program is the Wisconsin package of the genetic computer group (GCG; Wisconsin,
Madison), version 10.0 program "GAP" (Devereux, et al., Nucl. Acids Res., (1984) 12: 387).
Using this "GAP" program, in addition to comparison of two nucleic acid sequences,
comparison of two amino acid sequences and comparison of a nucleic acid sequence and an
amino acid sequence can be performed.

[0068] In the present invention, examples of preferable tamavidin include the following
tamavidin modifications (Japanese Patent Application No. 2008-208766, not yet published):
[0069] A modified biotin-binding protein containing an amino acid sequence set forth in
SEQ ID NO: 7, or, an amino acid sequence having one or several amino acid modifications in
this sequence or an amino acid sequence having an identity of 80% or more with this

sequence and showing a biotin-binding activity, wherein one or more residues selected from



the following group: 1) an arginine residue at position 104 of SEQ ID NO:
7; 2) alysine residue at position 141 of SEQ ID NO: 7; 3) a lysine residue
at position 26 of SEQ ID NO: 7; and 4) a lysine residue at position 73 of
SEQ ID NO: 7, are substituted by an acidic or neutral amino acid residue.
[0070] More preferably, the modified biptin-binding protein is selected from
the group consisting of: a modified biotin-binding protein (R104E-K141E)
I-lfre in SEQ ID NO: 7, the arginine residue at position 104 is
thegg QWU%Q@V% glutamlc acid residue and the lysine residue at position

141 '51 %4 Hﬁ% Péé SR 68 3L R Bied biotin-binding

protel -R104E whe e, in SEQ ID NO:7, the “aspartic acid residue

at pogifigiy4idds sithsiititessivl @nAsppSENNDOINEIFe and the arginine
residue at position 104 is substituted by a glutamic acid residue; a

modiffed bisine-issiditpbPo@iPIEH0N $EQ 1B)Niietead SEQ ID NO: 7,

the a ic acid r Sld e at.positjon 4 d by an asparagine

rocic 1L A RSN TSI o B 146 slsttuted by a ghtamic
are%ﬁﬁ%ﬁ%ﬁé’d@g%H%@W‘H@&MP&%H&"Q&W&R)‘@@ (D4ON-R104E-K141E)

where, in SEQ ID NO: 7, the aspartic acid residue at position 40 is
[0030b st dedpiosfenatdy pcagiod fiedidiotinthéndnginpneteie sscheée etiep dsdtio tha @doup
is substituted by a glutamic acid residue, and the lysine residue at
consisiingrtial is substituted by a glutamic acid residue. [0071] The

Do N PIRISIR BAIIE AR EAD fe RAHEE RS A BN, the

coupllng a protein an a ca nown ose’s e art

argﬁﬁﬁ@?@siﬂQﬁttb&lﬂ%tQMQ§%MW6%Y GRgRErHREE P RAIBABYHE B/sine

carrier surface so as to expose carboxyl groups at the surface and
resiche@ingshioeddioisdupsiipieddnmglotenuapsidiresislugrotein in the
presence of 1-ethyl-3-(3-dimethylaminoprop I)carbodumldeg dz%servm

as a®mediiAt h@?@a@j@ﬂpg\ﬂ@%ﬁh@ B BRI olhsFd die Nerigthe
aspaHiBEa AR £ |&’i°¢b°|§ %ﬁ%ﬁtﬁ@%ﬁ@aﬁ%&%ﬂ?h@%%%%&%e arginine

esterl Ing the car groups
residue at position 104 is substltuted by a glutamic acid residue;

a modified biotin-binding protein (D40N-K141E) where, in SEQ ID NO: 7, the
aspartic acid residue at position 40 is substituted by an asparagine residue and the lysine
residue at position 141 is substituted by a glutamic acid residue; and

a modified biotin-binding protein (D40N-R104E-K141E) where, in SEQ ID NO: 7,
the aspartic acid residue at position 40 is substituted by an asparagine residue, the arginine
residue at position 104 is substituted by a glutamic acid residue, and the lysine residue at
position 141 is substituted by a glutamic acid residue.

[0071] The biotin-binding protein and the carrier can be linked by using a method for
coupling a protein and a carrier, which is known to those skilled in the art. For example, the
protein and the carrier can be linked by modifying the carrier surface so as to expose
carboxyl groups at the surface and coupling the carboxyl groups to amino groups of the
protein in the presence of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) serving as
a cross-linking reagent.  Alternatively, the carboxyl groups of the carrier surface and the

amino groups of the protein can be linked by actively esterifying the carboxyl groups of the



carrier surface by N-hydroxysuccinimide (NHS) and mixing the carrier with
the protein in a buffer that does not contain primary amino groups and
has a pH of 6.5 to 9. [0072] Alternatively, amino groups of the carrier
surface and amino groups of the protein can be linked by using a
cross-linking reagent, BS3 (bis[sulfosyigi[limidyl] suberate) or DSS
(disuccinimidyl suberate); or amino groups of the carrier surface and thiol

car %’Sﬁfﬁéﬁgﬂﬁ%ﬁ%@%{}ﬁ@%@b Ia“ig;gg%@ t ilg kinr Eéée aﬁﬁmﬁe protein in a
buffel-tAaMBE TR i hnseainie AR O AdE 2 GRRS M3 o

immobilizing the biotin-bindirig protein to a carrier, various commercially

[00azdilahleeatiiely, kaving graupsisfitrctional guetaps aidhennuigeepcantheprotein
preferably utilized. Examples of microplates having functional groups on

canhe Kokeecey UriBierasat! iitdbraagrddBO 3 riustse lfemvigaide ighdiesaeiate) or DSS
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such as ELISA plat 8796F (96-well C-type/Flat bottom/Carbo

pyriyidittuo]prBaikekite) 6o G NBE) (W {dmealeione) ebxtynyd s/ ductitioiday s
havin? a functional group on the surface include, but not limited to, highly
1

[00¢-ssINeaseayaraE Boadizint e SIHRIARGHY RFakRARTArR CoiEEr, various

Healthcare Big-Scien ) and m ic.be h as,Dyn d
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[0074] Alternatively, examples of the biotin-binding protein-immobilized
inchafeidnitrarieidet limoitetbtaimiadzictan hydrkdaedbtadslinttasBehctisBiidrdsdtowsrk)
e.g., Reacti-Bind Streptavidin Coated Plates gPierc_e Inc.) and Nunc

MalaleOWEIfe 65t msE RAtrrae PPve|hidater didecalise 1AEt\VaRgNIno group

ti . By, i y
RS T AT STE R o g
suchestoliB AMplbe NEIB7YEKIEG Meted: g1 P URRGiNCakeel (St Bakelite Co.,

carrier can also be indirectly bound by, for example, linking the lectin to a

Ltdhistidineheig)ere RXRmpigs gt gheasth ivéng afanstiaaal g (@B PNdhe widece
|nc%n&g}@gﬁﬁ%ﬁoﬂﬁgfg%ﬁ%%gﬁ&k%ﬁn%da%géb(gallgélgltjrtlz %%tgce&ﬁé‘?%se (trademark)
(GE Healthcare Bio-Sciences Ltd.) and magnetic beads such as Dynabeads (trademark)
(Dynal Inc.). The biotin-binding protein and the solid carrier can be linked in accordance
with instructions attached to the carrier.

[0074] Alternatively, examples of the biotin-binding protein-immobilized carrier include,

but not limited to, marketed products such as microplates, e.g., Reacti-Bind™

Streptavidin
Coated Plates (Pierce Inc.) and Nunc Streptavidin Coated 96 Micro Well™ Plates (Nalge
Nunc Inc.) and magnetic beads, e.g., Dynabeads M-280 Streptavidin (Dynal Inc) and
MagnaBind™ Streptavidin Beads (Pierce Inc.).

[0075] In the case where the biotin or the biotin-binding protein are not used, the lectin and
the carrier can also be indirectly bound by, for example, linking the lectin to a histidine tag, a

FLAG™ tag, or glutathione-S-transferase (GST) and also linking the carrier to the

corresponding Ni-NTA (nitrilotriacetic acid), anti-FLAG antibody, and glutathione, and



binding the lectin and the carrier. [0076] Contact of virus-containing
solution with lectin The method of the present invention includes the step
of bringing the virus- containing solution into contact with a lectin. The
conditions for the contact of the virus- containing solution are not limited
particularly as long as the virus in the_v'bug,-containing solution binds to
the lectin. The factors of the contact conditions include composition of the
__Vvirus-containing solution, incubation temperature, and incubation time.
b'“fb@%’ﬂﬁ%&%?ﬁﬂé%ﬁ&ﬁﬂﬁrthe virus-containing solution is not limited

[OOQ@Jtic_élﬁﬂé{c SrONYs 28 RAnGHPR Ay iRe Faeryrus in the virus-containing

solution and fectin to bind to eéach other are maintained. The

virus-thatasing 96 lhkqrdsent éfoeninyna iulifigassabistep dlvingiagnht ofirddo
8, such as a buffer solution based on Tris/EDTA (TE), PBS, HEPES, or
contBENgHEIRGEe cordasHvathiad eftiis-cdhtarand tiaefionthe Bpracs e the virus-
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incubation temperature may be 4C or 10C, and the upper limit may be
virgertachingnadiud groumputaitisis tierg pei 8062, 4aCind06atBREINE0C, 25C, and
20C. For example, the preferred incubation temperature ranges from 10C
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min, 20 min, an mi e upper limit may

othBeaselpaifthifedm trROVAUE-comaininpsefave PbfdAdly & Buffdh s8Iftigh having a
h, 1.5 h, and 1 h. For example, the preferred incubation time ranges from

pHB M08, suehmglatbéiden ® witondoaskd and fistiDIDATIEYoPBR, [HEBES ) 0ahBS.
embodiment where the lectin is i_no_lirectlt/ immobilized to the carrier in_ the
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to the carrie ore, e, or e virus-cont inlng solution
inteeoMeiViptIT e asdtividi rdvel\estingtdriug| oo iains fessingl boffiacbnitibe.

lectin and the carrier are not limited particularly as long as the lectin can
[00G8]-2dhe lower limit of the incubation temperature may be 4°C or 10°C, and the upper
limit may be selected from the group consisting of 50°C, 45°C, 40°C, 37°C, 30°C, 25°C, and
20°C. For example, the preferred incubation temperature ranges from 10°C to 37°C, from
10°C to 25°C, 10°C to 20°C, or 15°C.
[0080] The lower limit of the incubation time may be selected from the group consisting of
1 min, 3 min, 5 min, 10 min, 15 min, 20 min, and 30 min, and the upper limit may be selected
from the group consisting of overnight, 10 h, 8 h,5h,3h,2h, 1.5h,and 1 h. For example,
the preferred incubation time ranges from 5 min to overnight, from 5 min to 5 h, and from 10
min to 2 h.
[0081] Inan embodiment where the lectin is indirectly immobilized to the carrier in the
method of the present invention, the lectin and the carrier are brought into contact with and
bound to each other through a molecule capable of binding to the carrier, before, while, or

after the virus-containing solution comes into contact with the lectin.  The conditions for the

contact of the lectin and the carrier are not limited particularly as long as the lectin can be



sufficiently immobilized to the carrier through the molecule capable of
binding to the carrier. The factors of the contact conditions include
incubation temperature and incubation time. Conditions similar to those
for the contact of the virus and the lectin described above can be selected
as appropriate, but a most preferred ip%pation time ranges from 1 min to
2 h, from 3 minto 1 h, or from 5 to 30 min. [0082] Separation of carrier

"he carrier that has captured the virus to be concentrated through.the .
SutfSEr I CpOPIZE PTG UERRT U e PR OB i S RIRG S carrier.

ThErIRBRIGE HABIRARorREYR ¥Héf&8§ffn%'ﬁiﬂ#§’t‘?oiﬁ‘ QQ?@@F&@??%W%%IQH& time.

properties of the carrier. [0083] For example, in t ase of a particulate
Cosditigrssiiichl @sta theswifoathetolitaccaliae viray del sepieiaddseribdaeabove can be

sample by centrifugation and subsequent removal of the supernatant. For
seleciesrAvARAEANE3tE bHTRgMefcselan 6 g betioartige raageseiauparitiedo 2 h, from

from the s Ieé) llecting the carrier using a magnet and removing
3 MHLQ r?ﬁg(ﬁp. gér%g CllYier that is in a shape of a thin film or filter, the

[Oog?ﬁri%éﬁﬁf)it%%?%m@d from the sample by pulling up the carrier from
thé sample or may be separated from the sample after allowing the
samplhécpaiss thaobghctpeucedribe. s doclerien thatritedetbigagt tioe lectin is
capture the virus inside a well structure such as a microplate, the carrier
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need. The conditions of the washing solution and the temperature used in
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temperature is not limited particularly, but the lower limit of the washing

by rehiserapiie sriyisdram dre1vapinertayubpesnatitechBpmahasantels lden allowing

the -21- . . . . .
the samrﬁe to pass through the carrier. For a carrier that is designed to capture the virus

inside a well structure such as a microplate, the carrier may be separated from the sample
merely by removing the sample from the well.

[0084] Furthermore, the step of washing the separated carrier may be conducted in order to
remove substances non-specifically bound to the carrier that has been separated from the
sample, according to need. The conditions of the washing solution and the temperature used
in the washing step are not limited particularly as long as the conditions can maintain the
binding between the virus and the lectin and/or the binding between the lectin and the carrier.
[0085] Preferably, the washing solution is buffered and is a buffer solution having a pH of 7
to 8, such as a buffer solution based on Tris/fEDTA (TE), PBS, HEPES, or TBS. The pH of
the washing solution may be 6 to 9, preferably 7 to 8.

[0086] The washing temperature is not limited particularly, but the lower limit of the

washing temperature may be 4°C or 10°C, and the upper limit may be selected from the



group consisting of 50C, 45C, 40C, 37C, 30C, 25C, and 20C. For
example, the preferred washing temperature ranges from 10C to 37C,
from 10C to 25C, 10C to 20C, or 15C. [0087] Elution using saccharides
The method of the present invention includes a step of eluting the virus
captured by the carrier through the lectip from the carrier by using
solution containing a saccharide. It is presumed that a condition where
the virus is bound to a lectin may advers%rlﬁ’laffect the infectiop ability o

9rOHRCORRS RSB tpdS SrvifliSe S Fartiimare Gnfoftig? b condeft QI& the
preYé%&ﬁ&%{@gaﬁgﬁﬁqdﬁo?%ﬂgg?ﬂ%ﬁ?%aéyto“si%&‘qj@‘?ﬁriﬁaél?otﬁse &g 20°C,

isolate ctor e carrier. [0088] In this description, elufing
or I8°@rus particles from a carrier refers to that virus particles captured by a

carrier are detached from the carrier by dissociating the sugar chain- lectin

[0086hd & betiermueinBsagenarsiegicles free from the carrier. Furthermore, in this
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captured by the carrier are detached completely. [0089] In this description,
pretuenter thdtisaateitwhevhemuthpaitides zvendl taed entich isalateldefsoly affect the

__carrier refers to that in which the virus particles captured by the carrier are
inferdiar ABHINED RerdEUstH AR XRSSRE N IE¢saratEHMRSATIRE. dAQTERr to concentrate a

. compopent. Accardingly, in this cripti he term ‘'isglated virus'" .
v Pl M R S0 S PR R R B e vl
vedieferdenrestagtiagt of the purity of the virus. [0090] The inventors have
found that treatment of the virus binding to a lectin with a solution
[0088htainitidsalgrarticsaetiianitef lebds perableoficand tsofigionfefsvieubat virus
articles from a carrier without eliminatin? the infection ability of the virus.
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eluting the virus from the virus-binding lectin Is selected from

desoripnsrepdipesusisateharians, oligeracehasidethat o gl yeositasctpddred by a
have a saccharide to which the lectin binds. -22-
carrier are at least partly detached from the carrier into a free state, but does not necessarily
mean that all virus particles captured by the carrier are detached completely.
[0089] In this description, the term “isolate™ when virus particles are eluted and isolated
from a carrier refers to that in which the virus particles captured by the carrier are detached
into a free state and are then separated from the carrier component.  Accordingly, in this
description, the term "isolated virus" refers to that at least the carrier component is not
included and does not refer to restriction of the purity of the virus.
[0090] The inventors have found that treatment of the virus binding to a lectin with a
solution containing a proper saccharide leads to elution and isolation of virus particles from a
carrier without eliminating the infection ability of the virus. Accordingly, in the method of
the present invention, the virus binding to the lectin can be eluted using a saccharide. The
saccharide capable of eluting the virus from the virus-binding lectin is selected from

monosaccharides, disaccharides, oligosaccharides, and glycosides that have a saccharide to

which the lectin binds.



[0091] Specific examples of the saccharide for eluting the virus captured
by a lectin include N-acetyl-D-galactosamine specific for SBA, lactose
specific for SSA, chito-oligosaccharides specific for DSA, and
chito-oligosaccharides and N-acetyl-D-glucosamine specific for WGA,
and these can preferably be used. [0092] The solution containing a
saccharide may be a buffer solution haVing a pH of 7 to 8, such as a
buffer solytjon based on Tris/EDTA (TE), PBS, HEPES, or TBS. .
[00R %} apersHs, eﬁ%@‘BlQS&r}t &fGEha" é)%%ﬁfrﬁprﬁ'%g B FERHEG DY 15N include
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containing the saccharide 'is from 0.01 to 1 M, pre ly from
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(w/v) and more preferably from 0.5 to 2% (w/v). [0094] The temperature
andrdhesk B RFeRMEN OB Us€ limited particularly, and may be room
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temperature is room temperature, from o 37C, from 10C to 25C, 10C
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used in elution from a carrier, the virus can be eluted by adjusting the pH
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ution Is obtained by removing the carrier, after the

concentrated virus so e

andc20F€! istieaienmithibersaduidarnigshiysinpdRaaR] b fisurreatipaatumtfrom 10 to
the solution , the carrier in the solution is separated and -23-

37°C, from 10°C to 25°C, 10°C to 20°C, or 15°C.

[0095] The time for the elution treatment is not limited particularly, but may be from 30 sec

to 1 day, preferably from 5 min to 2 h, and more preferably from 1 to 30 min.

[0096] The volume of the eluate used for eluting the virus is not limited particularly as long

as the volume is smaller than the initial volume of the virus-containing solution used in the

method of the present invention. Preferably, the volume may be 1/2, 1/3, 1/4, 1/5, 1/10,

1/20, 1/50, 1/100, or 1/500 of the initial volume of the virus-containing solution.

[0097] In the case where the saccharide is not used in elution from a carrier, the virus can

be eluted by adjusting the pH of the eluate to acidic (preferably a pH of 1 to 5) or alkaline

(preferably a pH of 9 to 11).

[0098] Preparation of concentrated virus solution

The concentrated virus solution is obtained by removing the carrier, after the carrier
is treated with the solution for elusion.

[0099] After treatment with the solution , the carrier in the solution is separated and



removed from the solution in a manner known to those skilled in the art
according to the properties of the carrier. For example, in the case of a
particulate carrier such as a bead carrier, the concentrated virus solution
may be prepared by centrifugation and subsequent collection of the
supernatant. For a carrier thatis in a netic bead form, the
concentrated virus solution may be prépared by collecting the carrier

usin magnet and recovering the supernatant. For g carrier that is jn a
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luate after allowing the sample to pass through'the carrier. For a carrier
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binding a virus and a lectin, a buffer solution for washing the separated

[010vlis-bikding carrier, and/or a buffer solution for eluting the virus from the

carrier, in the method of the present invention. [0104] In the kit of the

preseHIGrRIBSAMSAN PRl ROV S Kb IRERIBAeRTANS o VIRIS Aeyirus-
coPAILAIR Kol BremisasbiPRIGRAIAY Ingle R package for

properly wrapping the reagents include ] Furthermore,
[01t1g KifrpArhenbreserhinirIkioofiTiRyprRekm ensditabrie ithidestiansator bivtinylated
Nonlimiting examples of the instructions for use include media that can _
lecibrvbiptowittsling @netei ki ompkilized entripuantchseschadde fenehtien.  The lectin,

escription on the package, printed -24- . : :
the biotin-binding protel?n, the%arr?er, ang t%e saccharide for elution are as defined above.

[0102] In another embodiment, the Kit of the present invention includes at least lectin-
immobilized nanobeads and a saccharide for elution. The lectin, the nanobeads, and the
saccharide for elution are as defined above.

[0103] The kit of the present invention may further include a buffer solution for binding a
virus and a lectin, a buffer solution for washing the separated virus-binding carrier, and/or a
buffer solution for eluting the virus from the carrier, in the method of the present invention.
[0104] In the kit of the present invention, each reagent may be contained in a proper
container. In addition, the kit of the present invention may include a package for properly
wrapping the reagents included in the Kit.

[0105] Furthermore, the kit of the present invention may include suitable instructions for
use. Nonlimiting examples of the instructions for use include media that can convey how to

use the kit of the present invention to a user, such as description on the package, printed



matter, an electronic memory medium (for example, magnetic disk, tape,

cartridge, or chip), and an optical medium (for example, CD ROM). In

addition, description of the address of an Internet site that provides

instructions for use is included in the instructions for use. EXAMPLES

[0106] The present invention will be described based on examples in more

detail, but those examples are not intehded to limit the technical scope of

the present invention. Those, skgled in the art can modi]g/ or change _tope )
tridge, or chip),

MaeL e bR ETHE T RSRRY BRrUR SFPRE HBRIG BIRINEHE FidkofaRerfE
. ificati P i ¥
ano?ﬁh%ﬁfgg@l%%&g%@ﬁﬁre pres%qglt gventionﬁ [0107 E@g%rgl\éeyﬁ c}g}éﬁﬁtgeo?ddress of
an legindieitechatgnogkial atstid bt ForrighmiantpletHy Hhonasiinvestigtdedse.
by allowing 15 biotinylated lectins (Con A, DBA, LCA, PHA-E4, PNA,
EXROIRLES UEA-I, WGA, ABA, DSA, Lotus, MAM, PHA-L4, SBA, and SSA)

eact with a cultured HHV-6 in solution and then to bind to tamavidin-
0 R R A 0 B AE TR 2 AR Rt those
exdripfiesefenbeliénaby B diRtMR EORRiBAPShReEr a hresdis WeentidieCtethose
with recombinant HHV-6 expressing EGFP (Japanese Patent No.
skiB&2BHMB)a o chorhfaoEcBiRdype pridddhbisedation.rddliBOhEed on the description
Preparation of tamavidin magnetic beads Magnetic beads (300 L) havin

of harpaeses e@iPiinth RafYLDIgRSifMeA NS IS ENARIIBS BIMIIS IS M-Brpdechnical

r lic Acid. Dynal Inc.) were washed with 0.01 N sodium hydroxide
scoﬁ)%ﬁﬁ%g?ef ngniirﬁvérr]\fj}otrﬂien with ultrapure water (300 L) for 10 min three

[0107)eSExEmEIE Wasbr@ATiRgsYERethEAESE can concentrate HHV-6
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC)
(PierdanfiahindigsfivHd\inGooesad istigaiae hy=towiag dbddetimtataditestins (Con A,
concentration of 0.2 M, followed b% shakingéjt room temperature for 30

DBl Pheh e~ aGHER 1R WerdWafrets i\cbbieY ke ater A-L4
o BT NN PN GO B0 i

immuvi MESrhadfetisedieyn (pH 5.0). The mixture was shaken at room

temperature for 30 min to link the tamavidin and the magnetic beads by
[0188YalbnPtepatitiorpgt HHV-6 solution from cultured T cells

Cultured human cord blood-derived T cells were infected with recombinant HHV-6
expressing EGFP (Japanese Patent No. 3923505) to produce an EGFP-type HHV-6 solution.

[0109] 2. Preparation of tamavidin magnetic beads

Magnetic beads (300 uL) having surfaces coated with carboxyl groups (available
from Dynabeads M-270 Carboxylic Acid, Dynal Inc.) were washed with 0.01 N sodium
hydroxide (300 pL) for 10 min and then with ultrapure water (300 uL) for 10 min three times.
To the washed magnetic beads, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) (Pierce Inc.) dissolved in cooled ultrapure water was added into a final
concentration of 0.2 M, followed by shaking at room temperature for 30 min.  Then, the
magnetic beads were washed with cooled ultrapure water (300 uL) and then with 50 mM
MES buffer solution (300 pL, pH 5.0), and then mixed with 0.6 mg/mL tamavidin (300 uL,
180 nug) substituted by 50 mM MES buffer solution (pH 5.0). The mixture was shaken at

room temperature for 30 min to link the tamavidin and the magnetic beads by covalent bonds.



The magnetic beads were collected with a magnet, and the supernatant
was removed. Then, unreacted carboxyl groups of the beads were
eliminated by 50 mM tris buffer solution (300 L, pH 7.0), and the magnetic
beads were blocked with a PBS buffer solution (300 L) containing 0.5%
BSA and 0.1% Tween 20. The magnqt'%.tgeads were suspended in a PBS
buffer solution (300 L) to complete the preparation of magnetic beads.
Similarly, streptavidin magnetic peads were prepared using streptavidin
i RSy EBUNTS OISR SRR Y oL AR ek GTNGR  Then,
- - [ | ear
o B B D SE B
(3085.@n pRbiEX) Tamel thiotiryaded beatinsvosetl ovked thiehfalkBEgffertyglaton (300 pL)
(Con A, DBA, LCA, PHA-E4, PNA, RCA120, UEA-I, WGA, ABA, DSA,
contgifligg Ak B4nand 0SBnTwaenS8A) fgnfaceiiedeas WerR MgRenged in a PBS

111] Befo e screening of lectins, nop-specific adsorption of the.
U A R ek SRABRILAY TSN e o0 BUTUPEhe
stre{:PFéﬁ'ai%ﬁg?kﬁ@ﬁéddﬂwéﬁe%ﬁ%%'d(ﬁmﬁ SRBSRUTERY At CRRE itk

E) and 500 L of PBS were mixed and incubated at 15C for 1 h
[01(0}si@e Erovwehmemkiofne cbndrinhe Hiivagistut@gnetic beads prepared in

Section 2 were added to the reaction solution, followed by incubation at

15C s RS RR SRR rRISOINAR, RIPAESSBRFSHbe SR5IRMARECT HHV-6

he reactiqn solutjon placed in a magnetic. r n a
wal L R 6 RS B  RAEBE  fhe
bioﬂrﬁP(a_t&%dﬁmasmEretmeb@ﬂg@w@wgﬁﬁ@nmimw@mmﬂ,wl{wﬂ, PNA,

solution (RPMI1640 supplemented with 10% fetal bovine serum), and the

RCARB(E Sigvd n¥eAwAS AnikRedAwlitbi (s SNIAMT RinAntic 86 celh Nt A ceinufactured
suspension. It is believed that, if the EGFP-type HHV-6 is present, the
by thL VNSNS are infected with the EGFP-type HHV-6, the DNA of the
V ' i IS, o
0L e B o e RIS RN Busing
backyP&UHIGVHSs 8oMFarniBE. virus particles being bound to the beads and the
infected cells both sink in the solution, a decrease in association

[013P3b ity Kitwberf the BHS serpmieinast, RS seluling et epngentration: 10°
copies/mL TE) and 500 uL of PBS were mixed and incubated at 15°C for 1 h (upside-down

mixing). Then, the tamavidin magnetic beads prepared in Section 2 were added to the
reaction solution, followed by incubation at 15°C for 1 h (upside-down mixing). Then, the
Eppendorf tube containing the reaction solution was placed in a magnetic stand for
Dynabeads, and the beads was washed with 200 uL of PBS containing 2 mM EDTA and
0.5% BSA twice. Then, the beads was suspended in 500 uL of a culture solution
(RPMI1640 supplemented with 10% fetal bovine serum), and the whole suspension was
mixed with 0.5 mL of an indicator cell (MT4 cell) suspension. It is believed that, if the
EGFP-type HHV-6 is present, the indicator cells are infected with the EGFP-type HHV-6,
the DNA of the HHV-6 enters the cells, and the EGFP gene incorporated in the HHV-6 is
expressed within the indicator cells to generate GFP fluorescence. In this experiment, since
the virus particles being bound to the beads and the infected cells both sink in the solution, a

decrease in association probability between the virus and the cell, which usually tends to



occur, does not occur. Instead, since it is believed that local concentration
of the virus is increased significantly, infection efficiency is considered to
be improved. [0113] Fig. 1 shows the experimental results confirming that
almost no HHV-6 was non- specifically adsorbed to the
tamavidin-immobilized beads. [0114] :I'E n, the possibility of increasing
concentration of a virus was investigatéd using each of lectins. [0115]

B ERCTI T L —
mcFH%g?Jy%?dﬁﬁekﬁaﬁ{ﬂh Wﬁf&ﬁ&' SHRM qg?@?@éée%dlﬁ)cbéoimp%\('\é!?s'de -down

mixing e tamaw in magn tic beads prepared in Section 2 were

[01adiledip thshoeadtieregodtitentid Hesuis dynfironipgtiba atrddsE forHIHV-6 was non-
(upside- down mixing). Then, the Eppendorf tube containing the reaction

spesHiGaby adserpesidedhn Rmavgitiiv Behitizest bipdabeads, and the beads
hed with 2 f PBS 2 M EDTA and 0.5% BSA . .
o R e RO R s oD o Sl Ry zted using

eactREMERAO supplemented with 10% fetal bovine serum), and the whole
suspension was mixed with 0.5 mL of indicator cell (MT4 cell)
[01463pdTisio A 0B xhre$ sherEG FFG B mbinanbiieived stiligibel{eired thateiftthgon: 10

EGFP- the HHV-6 is concentrated, the indicator cells are infected with
Copise/BE )ty‘i%) HHOLE BSumtrtdtme i plolie Hateddpiisuye febirbitthincubated

at 1 op M go no% o\ THF—%IESE%E P 955 'fhcoré)q?fgj‘ I thﬁe?%'l)seess prepared in

expressed generate rescence he ex péerimental

Sed@shisiBricaRd BahtheRueressiionl ielibewsy NaRtBIRA HB¥C @binen (upside-
virus stock solution, when SBA, SSA, DSA, or WGA was used. A part of

dowmemegois aTél@hdhmEppérgmrﬁtahdc@nmem tbsutactioggekttibamdsiMaged in a
can be efficiently concentrated b)éthe use of these lectins. [Ollfa?Exam ple

e e e e ?ﬁmﬂwﬁwt@ APl QRS RRaining 2
m%ﬂﬁqﬁgﬁaﬁswlv&glm@;ﬁg ecte ?ﬁn@gé?bg ng(\j/végﬁgl?é tlfeofaculture

sol(Bah\( ra/neton sqayisiedited DEtH2IH% fetal bovine serum), and the whole suspension
was mixed with 0.5 mL of indicator cell (MT4 cell) suspension. Expression of EGFP was
observed. Itis believed that, if the EGFP-type HHV-6 is concentrated, the indicator cells
are infected with the EGFP-type HHV-6 bound to the magnetic beads through lectin-biotin-
tamavidin binding, and the EGFP gene incorporated in the cells is expressed to generate GFP
fluorescence.

[0116] The experimental results indicated that the expression of EGFP was higher than that
of the virus stock solution, when SBA, SSA, DSA, or WGA was used. A part of the results
are shown in Figs. 2 and 3.  These results suggest that HHV-6 can be efficiently
concentrated by the use of these lectins.

[0117] Example 2 Enrichment of HHV-6 in saliva

Enrichment of HHV-6 in saliva was tried using lectinylated biotin and tamavidin
magnetic beads.

[0118] 1. Collection of saliva

Saliva was collected from a subject with Salivette (Salivette cotton, Sarstedt). The



subject rinsed the oral cavity with distilled water twice immediately before
the collection of saliva and put the inner cotton of the Salivette in the oral
cavity to collect saliva for 2 min. [0119] 2. Quantitative determination of
HHV-6 First, the concentration of HHV-6 in the saliva was measured.
[0120] HHV-6 DNA in 400 pL of the sglé\ﬁa_ collected in Section 1 above
was purified using BioRobot EZ1 (Qiagen Inc.) and EZ1 Virus Mini Kit

v2.0 (Qiagen Inc,) in accordapce with the protocol of EZ1 Virus Mini )
Sty IBO O Bk ST M S N R e EhRELaiRg colfection of
it | e i . '
B e oA SN S0 e tg
[01PGIR vepeaasitaidstétrimetidn-GMFAATCACATGCCTGGATAATG-3'

(SEQ ID NO: 1); Primer : 5-TGTAAGCGTGTGGTAATGGACTAA-3'
(SEQHIrsiNDe opngertrrdeVRiridbe irFfwsaliva was measured.

o130 T PR RN AL el e e s S Gr oL bRy Bi e using
BidRsBot EPL{6idgh)i At R IEREBANHTPRITATUEE: Qo (R eH RN iRREordance with

followed by 45 cycles of 95C for 5 seconds and 60C for 31 seconds.
the[prb2@gor bisEZ4t Mias péind ifaaddopla(Gagarimenter highly trained in virus

experiments. [0123] The determined HHV-6 DNA in 1 mL of saliva was
[0124)6 166 BRI WasieuPies i dRALAPHIEALE K 5 Lt Quariadive PCR,

73. | Ig. .4: befor rification).. [0124] 3. Enrichm HHV-6
e i B T Mo DRI P R 1 sequences
usegatested@s erestimdwere mixed with ten-fold concentration of PBS

(44 L) and 1 nmol of biotinylated SBA, followed by incubation at 15C for 1
Prime(up's@acdm CAGA) GOGEN: e TAAIGIH (Pag@rifitDedds (100 L)

_prepared in Example 1 were added to the reaction solution, followed by
Priggther thaRGTRBEBT fr [ ate! b fmkidd Nerugd

i A ) : ) . .

T S o e GG TEREEE FATARREL 1D No.

3).times. Then, TE (10 L) was added thereto, followed by incubation at 98C

for 10 min. The -28-
The real-time PCR was performed using the FastStart Universal Probe Master (Rox) (Roche

Inc.) at a reaction temperature of 95°C for 10 min once, followed by 45 cycles of 95°C for
5 seconds and 60°C for 31 seconds.

[0122] This test was performed by an experimenter highly trained in virus experiments.
[0123] The determined HHV-6 DNA in 1 mL of saliva was 14,616 copies/mL. The

calculated amount of HHV-6 in 5 uL of saliva is 73.08 copies (Fig. 4: before purification).

[0124] 3. Enrichment of HHV-6 using biotinylated lectin and tamavidin magnetic beads
Saliva (400 L) collected as in Section 1 were mixed with ten-fold concentration of
PBS (44 uL) and 1 nmol of biotinylated SBA, followed by incubation at 15°C for 1 h
(upside-down mixing). Then, the tamavidin magnetic beads (100 uL) prepared in Example
1 were added to the reaction solution, followed by further incubation at 15°C for 1 h (upside-
down mixing). Then, the Eppendorf tube containing the reaction solution was placed in a
magnetic stand for Dynabeads, and the beads was washed with PBS (500 pL) three times.
Then, TE (10 uL) was added thereto, followed by incubation at 98°C for 10 min. The



supernatant was collected in the magnetic stand, and 5 pL of the
supernatant was subjected to quantitative PCR. In the quantitative PCR,
the HHV-6 U65/66 region was quantitatively determined by real-time PCR
as in Section 2. [0125] The experimental results indicated that the amount
of HHV-6 in 5 L of the eluate subjecte o the quantitative PCR was 2934
copies, when the biotinylated SBA and amaV|d|n magnetic beads were

used is shows that the HHV-6 solution c uld be concentrated
Supgmﬂfsizfﬁfefﬁ ) Bl,tn%ma%els.eané’ LA P SHPEATATAEVRS Subjected to

ARERGHPERRCSATRARHRIIPCRE e Hwelea R YR AT BLEntitatively

e blotlnyl ted SSA gave an approximately 1 enrlc ment

detéﬂﬁlmﬂéarbyh@aﬂﬁﬁfefmﬂ,a‘d’lm saoempof HHV-6 in the test solution not
containining biotinylated lectins was 40 copies or less. Thus, the test

[01§5bti6ha/@a§&ﬁbﬂ@@iﬁb@ﬁﬁ@éaotipagedqh@oﬂmmogﬁMﬂﬁhéﬁtﬁ)immgf the eluate
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50 L) prepared in Example’l were added to the reaction solution,
corfodiuvesst! pprpideetp o fioliking Lasimg dine beotipgtated SBév difsl thntédnereiyn
allowing the components to be bound. The tube contalnln%ﬁjhe reaction

ma%%'&ch?%és%@@é@ﬁ%tﬁ?a@ﬁ@ﬁ% '§t§ﬁ‘€$'ﬂf‘r 2)%%%521% the/hady. the
bloﬁl%%sggﬂ he ngTD’ %)[ﬁ%n Qte] gj Id ;’('j]% raﬁ‘ lou ntzﬁnd Mand the

thce en th |on Wlth he o) utlo

amiRinebtiar (28 ped B&%&w&ﬂmee@ﬁﬁbmm@@tﬁmwm@wra,etﬁerwasam:@p.es or

sugar chain for elution). The saccharide for elution in the solution was
lesN-atbugl-hayak swlstioninesnat kncethietegsteiyr dsing biotinylated SBA

and was a chito- ollosaccharlde 1%) in the system usmg the blotlnylated
01g6d a2 Fpichimantat BN -6 ystaashiofinylated Jectin.andtamavidin maghetic h

e'UW@’S}ﬁ!%ﬁ%ﬂ&hé magnetlc stand for Dynabeads, and the tamaV|d|n

' ere separated for recovery of the supernatant. The
thus-BictvgiedsSBACH (idtnyRatkauNBAgUlD tpaniiaiivedo RallvatiemL)
quantitative PCR, as in Section 2, the HHV-6 U65/66 region was

col lpgtattinativGgctieretnfing thelp mavidimergnetic 2eads (50 pL) prepared in Example 1

were added to the reaction solution, followed by upside-down mixing at room temperature

eads and

for 15 min thereby allowing the components to be bound. The tube containing the reaction
solution was placed in a magnetic stand for Dynabeads, and the beads was washed with PBS
containing 0.5% bovine serum albumin and 2 mM EDTA twice. Then, the beads was
subjected to elution with the solution for elution (20 uL of PBS supplemented with 2% fetal
bovine serum and a sugar chain for elution). The saccharide for elution in the solution was
N-acetyl-D-galactosamine (0.2 M) in the system using biotinylated SBA and was a chito-
oligosaccharide (1%) in the system using the biotinylated WGA. Then, the test tube
containing the eluate after the elution treatment was placed in a magnetic stand for
Dynabeads, and the tamavidin magnetic beads were separated for recovery of the
supernatant.  The thus-recovered solution (5 uL) was subjected to quantitative PCR. In the
quantitative PCR, as in Section 2, the HHV-6 U65/66 region was quantitatively determined
by real-time PCR.



[0127] The experimental results indicated that HHV-6 was concentrated
2.7-fold, compared to the virus concentration before purification, by
collecting the HHV-6 using the biotinylated SBA and the tamavidin
magnetic beads and eluting with N-acetyl-D-galactosamine. Further,
HHV-6 was concentrated 4.7-fold, co red to the virus concentration
before purification, by collecting the HHV-6 using the biotinylated WGA

and the tamavidin magnetic pbeads and eluting with the
1013 e SRR (oS st S W L TreRlEapferdfpl. compared
o Ak LRI SE D Loty
SBBsatt aseadeniivtinaadpisingsbidranare ttiiay wkiiviyashiy|-Bikaiyctdsienine.  Further,

biotinylated lectins used were the following 15 types: (Con A, DBA, LCA,
HHMG\vva8 congantretsl ¥2 0, fo e companes ta B)s, iy Sacanseisralipnvhefanmpuafication,

oy RS DR R RO T SR RN AR HiE i3 PiaBefic B2acs and
eluBAGIRIaSIRY Efﬁt&&ﬁgégﬁcﬁdﬂ%tmbsvggs was used for investigating

enrichment effect) was mixed with pL of PBS and 10 g of a
[018Ritinkzbesienh Ik BtinE fwilhwresth thyf ileatibatibweatdl BGinfplettm (upside-down

mixingfa. Then, the tamavidin magnetic beads prepared in Example 1

were GA&SHiEhMBYeaction solution, followed by further incubation at 15C

for 1 I (upaide: deun midad Thenite Eapendov abe.caniaining gy i

reaction solution' was placed in'a ‘magnetic stand for Dynabeads, and the

recOeMiifeW At Eet e ARk RIscf BB JeRA0IAIBIRGRAITEMBHR By 398 dA%oMiyoshi,

BSA twice. Then, the beads was suspended in 500 pL of a culture
RikenlutiohhgRPonimaaedigstilenisededevethel ihofatad douiyres dion) AamBhel CA,
whole suspension was used for infection of indicator cells (293 cellsg. The

PHRECBOY RO WRS Wi GheAbifePBP nine MAMA A A bR SR, and
ss%%ﬁgfgl}}gagwq? ;Qyﬁq\l)ﬁﬂstfllﬁé the lentiviral vector having the VSV-G
e ffi '

velope was sufficiently concentrated by using WGA or SBA without

[01ESingFitstinfectionodhiiy GFR réoniBihane lethiei raselugivnasirne Egaddntration: 102
expressing cell was observed in the virus of the stock solution. -30-
particles/ml TE, note that a low-titer virus was used for investigating enrichment effect) was

mixed with 500 uL of PBS and 10 g of a biotinylated lectin, followed by incubation at 15°C
for 1 h (upside-down mixing). Then, the tamavidin magnetic beads prepared in Example 1
were added to the reaction solution, followed by further incubation at 15°C for 1 h (upside-
down mixing). Then, the Eppendorf tube containing the reaction solution was placed in a
magnetic stand for Dynabeads, and the beads was washed with 200 uL of PBS containing 2
mM EDTA and 0.5% BSA twice. Then, the beads was suspended in 500 uL of a culture
solution (RPMI11640 supplemented with 10% fetal bovine serum), and the whole suspension
was used for infection of indicator cells (293 cells). The infectious titer of the virus was
measured by means of EGFP expression.

[0130] The results revealed that the lentiviral vector having the VSV-G envelope was
sufficiently concentrated by using WGA or SBA without losing its infection ability (Fig. 6).
On the other hand, almost no EGFP expressing cell was observed in the virus of the stock

solution.



[0131] (2) Measurement of enrichment ratio Then, the enrichment ratio
was measured. Biotinylated SBA or biotinylated WGA (200 g) was added
to an EGFP recombinant lentivirus solution (1 mL, titer: 103 particles/mL),
and the tamavidin magnetic beads (100 pL) were added to the reaction
solution, followed by upside-down mi>§i§§ at room temperature for 15 min
for reaction. The tube containing the réaction solution was placed in a

m gn%&ic stand for Dygabe_a s, and the beads was washed with PBS
[015dh il B BYEBEVIPE LUIGRMAIBIANRA and 2 mM EDTA twice. Then, the

bead%méﬁ,sm@%iﬁ%ﬁ%ﬁﬁgﬁgwx@mm@al.utiggo%ﬁﬁgémémre?'io% Bed WGA

supplemented with 2% ovine serum and a saccharide for elution).
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(0.2 M) for the SBA and was a chito- oligosaccharide (1%) for the WGA.
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37C for 1 h for infection. The infected virus titer was determined by
beathumngdstedwith @BH cmilaieky €590 hdaie Beoummebdudaiy. 4604 32hVhED TA twice.
results show that the recovery rate was 56% in the system usin&the
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eluBBRSARhENA0EOR REWARS B/ NOLghIHIaG ihatcan/5irep hdromeasaRdthRis a chito-
virus or viral vector concentration in a solution with a low concentration

olignsdcahidtifisr (3&sjdonthg ME Anethibeh, Theetesttilagloohthi ipgetieralirmie aftenthe
which can increase the virus or viral vector concentration readily while

elUHRR AT NSRS b ITRINSIS PR O Kepets, Al BealHpRYIdw sagnetic

bea@?%@r@%ﬂﬂﬂ@d%%%&% fo‘fo%%%ﬁ‘éiﬂ%@n ?Cﬁé’ﬁﬁf@ré@.ﬁéﬁﬁgﬁﬁi‘%tion was

erapy or avaccinet Yy using a viral vector. More Specl

adsPresend inderatemcpreVidesa adisyptesmetiodithabdagsotiohredquikeinfected virus titer
complicated column operation, ultracentrifugation, or other operations,

wag fiilesraieddntieriditing the dsinabri ebeeHs esgressied B rRicppiaddh in

[01%9] a%e”??éﬁﬁs%‘hg\i/g rt]ﬁg%rt%légg ol{}e? sr.g(-%-y V'\Iégqo'é% in the system using the biotinylated
SBA and the recovery rate was 98% in the system using the biotinylated WGA. That is, the
enrichment ratios were 5.6 fold and 9.8 fold, respectively (Fig. 7).

INDUSTRIAL APPLICABILITY

[0133] The present invention provides a novel method that can simply increase the virus or
viral vector concentration in a solution with a low concentration and a kit for performing the
method. The method of the present invention, which can increase the virus or viral vector
concentration readily while maintaining the infection ability, is expected to be used, for
example, as a safe and simple technique of concentrating a vector useful in a genetic therapy
or a vaccine therapy using a viral vector. More specifically, the present invention provides
a simple method that does not require a complicated column operation, ultracentrifugation, or
other operations, unlike conventional methods, and can be expected to find application in an

automated or high-throughput system.



CLAIMS 1. A method of increasing a concentration of a virus comprising
the steps of: (1) bringing a lectin into contact with a virus-containing
solution to bind the virus to the lectin, wherein (i) the lectin is linked to a
molecule capable of binding to a carrier and is immobilized to the carrier
through the molecule and thereby makgs the virus bound to the lectin
bind indirectly to the carrier, or (i) the I&Ctin is directly immobilized to a
carrier and thereby makes the virus bound to the lectin bind to the catrrier;
(2) separating the carrier from the vﬁlﬁéb-‘!:lglrﬁaining solution; (3) treating
the recovered carrier with solution containing a saccharide to elute the
virus from the carrier, wherein the volume of the eluate is smaller than the

1. volume raéthe\dfuscreasiiajring rrehtigivn sftevicly combibise ias stépg dife
carrier from the eluate after step (3) to obtain a concentrated solution of
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the steps. of- (1) mixing.a virus-containing solutign with a biotinylated lectin, .
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virus bound to the biotinylated lectin bind to the carrier; (2) separating the
lectinfriad firativdti®y toukecmntainiog (8 iedact{B )i sreiatctty tineme bidizeckth casareier and

with an solution containing a saccharide to elute the virus from the carrier,
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envelope or a virus derived therefrom. 4. The method according to Claim
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method according to Claim 1 or 2, wherein the lectin is a lectin that binds
conaiging solution in'step (1); and
(4) separating the carrier from the eluate after step (3) to obtain a concentrated solution of the
virus.
2. A method of increasing a concentration of a virus comprising the steps of:
(1) mixing a virus-containing solution with a biotinylated lectin for bringing a virus into
contact with the biotinylated lectin, and then adding a biotin-binding protein-immobilized
carrier thereto to make the virus bound to the biotinylated lectin bind to the carrier;
(2) separating the carrier from the virus-containing solution;
(3) treating the recovered carrier with an solution containing a saccharide to elute the virus
from the carrier, wherein the volume of the eluate is smaller than the volume of the virus-
containing solution in step (1); and
(4) separating the carrier from the eluate after step (3) to obtain a concentrated solution of the
virus.
3. The method according to Claim 1 or 2, wherein the virus is a virus having an
envelope or a virus derived therefrom.

4. The method according to Claim 1 or 2, wherein the virus is a lentivirus or a

herpesvirus.



sugar chain containing at least one of N-acetylgalactosamine (GalNAc),
u,2,6-linked sialic acid (Siact2,6), and N-acetylglucosamine (G1cNAc). 6.
The method according to Claim 5, wherein the lectin is selected from the
group consisting of SBA (derived from soybean), SSA (derived from
Sambucus sieboldiana), DSA (derive_d3t£qm Datum stramonium), and
WGA (derived from wheat germ). 7. The method according to Claim 1 or

, Wherei lectin is | ived f h , and the, .
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e virus Is N-acetyl-D-galactosamineé or a saccharide containing

acith@iaaR, 8), Bhe Nvatieod glacosalinigd¢GImmc). or 2, wherein the virus is a
lentivirus, the lectin is WGA (derived from wheat germ), and the
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Virus is ivirus, the lectin is SB riyed.from soyhean), and.the, .
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of a virus comprising the steps of: (1) bringing a virus-containing solution
7. into coht¢anethdl actactimpeorQlaimettty Bpwhdrtdn taniebiads \WaAn(derived from
diameter of 10 to 100 nm to make the virus bind to the nanobeads; (2{ )
ride; or the
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separating the nanobeads from the eluate after step (3) to obtain a
8. concdritearethedlatiearcinohe Giais. 100 A kibéoeimthresiingistadentivirus, the lectin is

concentration of a virus by the method according to Claim 2, the kit
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sacéharide used for elution of the virus is N-acetyl-D-galactosamine or a saccharide
containing thereof.
9. A method of increasing the concentration of a virus comprising the steps of:
(1) bringing a virus-containing solution into contact with a lectin being directly bound to
nanobeads having a diameter of 10 to 100 nm to make the virus bind to the nanobeads;
(2) separating the nanobeads from the virus-containing solution;
(3) treating the recovered nanobeads with solution containing a saccharide to elute the virus
from the nanobeads, wherein the volume of the eluate is smaller than the volume of the virus-
containing solution in step (1); and
(4) separating the nanobeads from the eluate after step (3) to obtain a concentrated solution of
the virus.
10. A kit for increasing the concentration of a virus by the method according to Claim 2,
the kit comprising:

a biotinylated lectin, biotin-binding protein-immaobilized beads, and a saccharide for

eluting the virus from the carrier.



the kit comprising: (a) biotinylated WGA, a biotin-binding protein, and a
chito-oligosaccharide; or (b) biotinylated SBA, a biotin-binding protein, and
N-acetyl-D-galactosamine or a saccharide containing thereof.
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11. A kit for increasing the concentration of a virus by the method according to Claim 2,
the kit comprising:

(a) biotinylated WGA, a biotin-binding protein, and a chito-oligosaccharide; or

(b) biotinylated SBA, a biotin-binding protein, and N-acetyl-D-galactosamine or a saccharide

containing thereof.





