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VIRAL PARTICLE-LIKE CONSTRUCT AND 
METHOD OF FORMING THE SAME UNDER 

PHYSIOLOGICAL CONDITIONS 

TECHNICAL FIELD 

[0001] The present invention relates to a viral particle-like 
structure comprising viral protein, and to a method of forming 
it. The viral particle-like structure can encapsulate other sub 
stances Within it, and therefore has potential use as a carrier 
for drug delivery and gene therapy. 

BACKGROUND ART 

[0002] Conventional formation of viral particle-like struc 
tures has involved recovering virus-like-particles formed 
Within cells. 
[0003] In some methods, the virus-like particles are puri 
?ed from the cells and are ?rst dissociated into particle struc 
ture units (for example, VPl pentamers in the case of SV40 
virus), and then reconstituted into virus-like particles in a test 
tube. 
[0004] Conventional reconstituting methods have been 
conducted under non-physiological conditions With high salt 
concentration, but because of problems such as inactivation 
or poor solvent solubility of bioactive substances included in 
the particles, the conditions have not been suitable for taking 
up bioactive substances into particles. Moreover, it has been 
dif?cult to e?iciently reconstitute virus-like particles of uni 
form size by such methods. 

DISCLOSURE OF THE INVENTION 

[0005] The present invention provides a method Which 
alloWs a viral particle-like structure to be reconstituted in a 
test tube to form uniform-sized particles e?iciently and under 
physiological conditions. 
[0006] The invention further provides a method for forming 
a viral particle-like structure in host cells. 

[0007] The object of the invention, of forming uniform 
sized virus-like particles ef?ciently under physiological con 
ditions in a test tube, is achieved by adding to the reconstitut 
ing environment a protein that is found in natural viral 
particles. 
[0008] Thus, the invention provides a uniform-sized viral 
particle-like structure composed of a viral protein and a par 
ticle formation acceleration factor. The invention further pro 
vides a uniform-sized viral particle-like structure composed 
of a viral protein and a particle formation acceleration factor, 
Which houses a substance to be encapsulated. 
[0009] The invention still further provides a method of 
forming a uniform-sized particle aggregate composed of viral 
protein and a particle formation acceleration factor, charac 
terized by incubating the viral protein at pH 5 to 10.0, room 
temperature, in the presence of 130 mM to 500 mM monova 
lent cation and 2 [1M to 50 mM divalent cation, and in the 
presence of the particle formation acceleration factor; and a 
method of forming a uniform-sized viral particle-like struc 
ture composed of a substance to be encapsulated and a viral 
protein surrounding it, With a particle formation acceleration 
factor, characterized by incubating the viral protein and sub 
stance to be encapsulated at pH 5 to 10.0, room temperature, 
in the presence of 130 mM to 500 mM monovalent cation and 
2 [1M to 50 mM divalent cation, and in the presence of the 
particle formation acceleration factor. 
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[0010] The invention still further provides a method of 
introducing a bioactive substance into virus-like particles 
composed of viral protein and cap sid protein VP2 or a portion 
thereof, characterized by coexpressing in host cells the viral 
protein and capsid protein VP2 or a portion thereof compris 
ing the binding region of the viral protein and having a bio 
active substance linked thereto. 

[0011] The invention still further provides a method for 
producing viral particle aggregates composed of viral protein 
encapsulating a polymer With a negatively charged surface, 
the method being characterized by mixing the viral protein 
With the polymer at 0.01 to 100 parts (by Weight) With respect 
to 360 parts of the viral capsid protein, and dialyzing the 
mixture against an aqueous solution containing a monovalent 
metal salt and a divalent metal salt. 

[0012] The negatively charged polymer is preferably DNA, 
RNA or a synthetic nucleic acid-like structure. In the method 
for producing viral particle aggregates, the Weight ratio of the 
viral protein and the negatively charged polymer added to 3 60 
parts of the viral capsid protein is preferably 0.2 part or 
greater. 
[0013] The viral protein of the viral particle-like structure is 
preferably VPl capsid protein of SV40 virus, JC virus or BK 
virus. 

[0014] As SV40 viral proteins there may be mentionedVPl 
capsid protein and its mutant forms. Examples of VPl capsid 
protein mutants include a protein Which is VPl capsid protein 
having the amino acid sequence listed as SEQ ID NO: 2 With 
a deletion, addition or amino acid substitution of one or more 
amino acids. Examples of speci?c substitutions include at 
least one amino acid substitution from among Glu at position 
49, Glu at position 51, Glu at position 160, Glu at position 
163, Ser at position 216, Lys at position 217, Glu at position 
219, Glu at position 332, Glu at position 333 and Asp at 
position 348 of the amino acid sequence listed as SEQ ID NO: 
2 

[0015] The particle formation acceleration factor of the 
viral particle-like structure is preferably the viral particle 
capsid protein, the N-terminal region of the protein having 
particle formation accelerating activity, or a protein Which is 
modi?ed With a deletion, addition and/or amino acid substi 
tution of one or more amino acids of the protein and Which 
retains particle formation accelerating activity. The viral par 
ticle capsid protein is preferably the capsid protein VP2 of 
SV40 virus, J C virus or BK virus.As a more speci?c example, 
the viral particle capsid protein may be capsid protein VP2 of 
SV40 virus having the amino acid sequence listed as SEQ ID 
NO: 1. 

[0016] When the virus-like structure of the invention is 
formed in vitro, such as in a test tube, preferably the viral 
particle capsid protein is a portion of SV40 viral capsid pro 
tein VP2 comprising at least the amino acid sequence from 
residues 1 to 272, or at least the amino acid sequence from 
residues 1 to 58, 59 to 118, 119 to 152 or 153 to 272 ofthe 
amino acid sequence listed as SEQ ID NO: 1. 

[0017] When the virus-like structure of the invention is 
formed in host cells, preferably the viral particle capsid pro 
tein is a portion of SV40 viral capsid protein VP2 comprising 
at least the amino acid sequence of the VPl-binding region 
from residues 273 to 307 of the amino acid sequence listed as 
SEQ ID NO: 1, and preferably it is linked to the desired 
bioactive substance or non-bioactive substance to be intro 
duced, or a combination thereof. 
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[0018] The non-bioactive substance is, for example, a loW 
molecular substance or high-molecular substance, or a com 
bination thereof. 
[0019] The factor to be encapsulated Will typically be a 
bioactive substance, and for example, may be a nucleic acid, 
protein or loW molecular substance. 
[0020] The monovalent cation forming the viral particle 
like structure of the invention is preferably sodium ion, and it 
may be used in the form of sodium chloride. The divalent 
cation forming the viral particle-like structure of the inven 
tion is preferably calcium ion, and it may be used in the form 
of calcium chloride. The concentration of the monovalent 
cation may be, for example, 150 mM, and the concentration 
of the divalent cation may be, for example, 2 mM. 
[0021] The invention also relates to a composition for intro 
duction of a bioactive substance into cells, Whose active com 
ponent is the aforementioned viral structure comprising a 
bioactive molecule. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0022] FIG. 1 is a set of electron microscope photographs 
showing a viral particle-like structure formed by the method 
of the invention in the presence of a particle formation accel 
eration factor. 
[0023] FIG. 2 is a set of electron microscope photographs 
shoWing viral protein treated under physiological conditions 
in the absence of a particle formation acceleration factor. 
[0024] FIG. 3 is a set of electron microscope photographs 
shoWing formation of viral particle-like structures upon 
changing the proportion of viral protein VPl and particle 
formation acceleration factor VP2. 
[0025] FIG. 4 is a pair of electron microscope photographs 
shoWing viral particle-like structures produced using particle 
formation acceleration factor VP2 lacking the C-terminal 
end. 
[0026] FIG. 5 is a set of electron microscope photographs 
shoWing viral particle-like structures produced using particle 
formation acceleration factor VP2 having a point mutation 
introduced at the C-terminal end. 

[0027] FIG. 6 is a set of electron microscope photographs 
shoWing that uniform globular viral particle-like structures 
are formed even in the absence of a particle formation accel 
erati on factor When incubation is performed under non-physi - 
ological conditions of pH 8 to 10. 
[0028] FIG. 7 is an image shoWing the results of fraction 
ation by sucrose density centrifugal separation and detection 
by Southern blotting of the viral particles prepared in 
Example 2. 
[0029] FIG. 8 is an image shoWing distribution of pEG 
DNA after fractionation of virus-like particles composed of 
VP1-VP2 protein in the presence of pEG by sucrose density 
gradient centrifugation in Example 3, and distribution of pro 
tein detected With anti-VPl antibody. 
[0030] FIG. 9 is a photograph shoWing that pEG introduced 
into COS-1 cells by virus-like particles in Example 3 Were 
expressed in cells and that ?uorescent protein Was produced. 
[0031] FIG. 10 is a diagram shoWing the results of Example 
4, by the relationship betWeen portions of VP2 protein as a 
particle formation acceleration factor, and virus formation. 
[0032] FIG. 11 is a diagram shoWing the results of Example 
5 Which indicate the portion of VP2 necessary for taking up 
into VPl virus-like structures. 
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[0033] FIG. 12 is a set ofline graphs shoWing the results of 
Example 6, indicating that DNA is taken up into virus-like 
structures formed from VPl under prescribed conditions. 
[0034] FIG. 13 is a set of photographs shoWing the results 
of electron microscope observation of the product obtained in 
Example 6. 
[0035] FIG. 14 is photograph shoWing reconstitution by 
mixing RNase pre-treated total RNA, RNase untreated total 
RNA and puri?ed VPl protein and dialyZing the mixture in a 
pH 5, 150 mM NaCl, 2 mM CaCl2 solution for 16 hours at 
room temperature, in Example 7. After reconstitution, an 
electron microscope Was used for observation of the aggre 
gated VPl pentamers in exchanged solvent. This photograph 
shoWs the RNase-treated RNA as RNase+ and the RNase 
untreated RNA as RNase—. It suggests that formation of 
globular virus-like particles occurs due to the presence of 
RNA. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0036] According to the invention, viruses that may be used 
as protein sources for formation of viral protein particles are 
not particularly restricted so long as particles can be formed 
from the major constituent protein or particle outer shell 
constituent protein. As examples of major constituent pro 
teins there may be mentioned those of Simian virus 40 
(SV40), human polyoma virus JC, and BK virus. SV40 VPl 
is particularly preferred. As an example of a particle outer 
shell forming protein there may be mentioned the capsid 
protein VPI (of SV40 or the human polyoma viruses JC virus 
and BK virus) or the like. 
[0037] The SV40 VPl may be naturally occurring VPl or a 
mutant thereof. Examples of mutants include VPl capsid 
protein having the amino acid sequence listed as SEQ ID NO: 
2 With a deletion, addition or amino acid substitution of one or 
more amino acids, and speci?c substitutions include at least 
one amino acid substitution from among Glu at position 49, 
Glu at position 51, Glu at position 160, Glu at position 163, 
Ser at position 216, Lys at position 217, Glu at position 219, 
Glu at position 332, Glu at position 333 and Asp at position 
348 of the amino acid sequence listed as SEQ ID NO: 2. 
[0038] According to one mode, the invention provides a 
protein (mutant A; mtA) Wherein Glu at position 160 is 
replaced by another amino acid, and Which can form more 
rigid or stable virus-like protein particles than the Wild type. 
This Glu is preferably replaced by Gln. 
[0039] According to another mode, the invention provides 
a protein (mutant B; mtB) Wherein Glu at position 163 is 
replaced by another amino acid, and Which forms more rigid 
or stable virus-like protein particles than the Wild type. This 
Glu is preferably replaced by Gln. 
[0040] According to yet another mode, the invention pro 
vides a protein (mutant C; mtC) Wherein Asp at position 348 
is replaced by another amino acid, and Which forms more 
rigid or stable virus-like protein particles than the Wild type. 
This Asp is preferably replaced by Asn. 
[0041] According to yet another mode, the invention pro 
vides a protein (mutant D; mtD) Wherein Glu at position 160 
and Glu at position 163 are replaced by other amino acids, and 
Which forms more rigid virus-like protein particles than the 
Wild type. This Glu is preferably replaced by Gln. 
[0042] According to yet another mode, the invention pro 
vides a protein (mutant E; mtE) Wherein Glu at position 160, 
Glu at position 163 and Asp at position 348 are replaced by 
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other amino acids, and Which forms more rigid or stable 
virus-like protein particles than the Wild type. The Glu is 
preferably replaced by Gln, and Asp is preferably replaced by 
Asn. 
[0043] According to yet another mode, the invention pro 
vides a protein (mutant F; mtF) Wherein Glu at position 332, 
Glu at position 333 and Asp at position 348 are replaced by 
other amino acids, and Which forms rod-shaped virus-like 
protein particles at high incidence. The Glu is preferably 
replaced by Gln, and Asp is preferably replaced by Asn. 
[0044] According to yet another mode, the invention pro 
vides a protein (mutant G; mtG) Wherein Glu at position 49 
and Glu at position 51 are replaced by other amino acids, and 
Which forms more rigid or stable virus-like protein particles 
than the Wild type. The Glu is preferably replaced by Gln. 
[0045] According to yet another mode, the invention pro 
vides a protein (mutant H; mtH) Wherein Glu at position 49, 
Glu at position 51, Glu at position 160, Glu at position 163, 
Ser at position 216, Lys at position 217, Glu at position 219, 
Glu at position 332, Glu at position 333 and Asp at position 
348 are replaced by other amino acids, and Which does not 
form virus-like protein particles as easily as the Wild type. The 
Glu is preferably replaced by Gln, the Asp is preferably 
replaced by Asn, the Ser is preferably replaced by Ala and the 
Lys is preferably replaced by Ala. 
[0046] A method of preparing such mutants is described in 
detail in Japanese Unexamined Patent Publication No. 2002 
360266. 

[0047] According to the invention, it is necessary to use the 
particle formation acceleration factor under conditions of pH 
5 to 10. The particle formation acceleration factor is prefer 
ably, for example, a viral particle protein. As examples of 
viral particle proteins there may be mentioned capsid protein 
VP2 of SV40 virus, JC virus or BK virus, or its N-ter'minal 
portion, or histone protein or the like. Particularly preferred as 
a viral particle protein is SV40 VP2 or its N-ter'minal portion. 
The amino acid sequence of SV40 VP2 is listed as SEQ ID 
NO: 1. When SV40 VP2 or a portion thereof is used as the 
particle formation acceleration factor for the invention to 
form a virus-like structure in vitro, it need only comprise at 
least the amino acid sequence from the amino acid at position 
1 to the amino acid at position 58, the amino acid sequence 
from the amino acid at position 59 to position 1 18, the amino 
acid sequence from positions 119 to 152 and the amino acid 
sequence from positions 153 to 272, of the amino acid 
sequence listed as SEQ ID NO: 1. 
[0048] When SV40 virus capsid protein VP2 is used to 
form the virus-like structure in cells, the capsid protein need 
only comprise at least the amino acid sequence of the VP1 
binding region from positions 273 to 307 of the amino acid 
sequence listed as SEQ ID NO: 1. 
[0049] The viral particle protein of the invention may have, 
for example, the amino acid sequence listed as SEQ ID NO: 
1 or its N-terminal sequence modi?ed by an addition, deletion 
and/or amino acid substitution of one or more amino acid 
residues, While still retaining particle formation acceleration 
factor activity. The number of amino acid residues modi?ed 
may be, for example, 1 to 20, 1 to 15 or one to a feW. 
[0050] The concentration of the viral protein forming the 
outer shell of the particles is 50 ng/ [1L to 500 ng/ [1L and 
preferably 70 ng to 200 ng, and the concentration of protein as 
the particle formation acceleration factor is 1 ng/ [1L to 1 
[Lg/[1L and preferably 10 ng/ [1L to 100 ng/uL. The concentra 
tion of the substance to be encapsulated, for encapsulation 
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into the viral particles, Will differ depending on the type of 
substance but may be 0.1 ng/ [1L to 10 [Lg/[1L and preferably 10 
ng/uL to 1 ug/uL. 
[0051] According to the invention, the viral protein may be 
incubated (1) in a pH range of pH 5 to 10, (2) at room 
temperature and in the presence of (3) 130 mM to 500 mM 
monovalent cation, (4) 2 [1M to 50 mM divalent cation and (5) 
a particle formation acceleration factor, to form globular, 
uniform-sized particles. Sodium is preferred as the monova 
lent cation, such as in the form of sodium chloride, and the 
concentration of sodium ion is preferably 140 mM to 160 mM 
and especially 150 mM. 
[0052] As divalent cations there may be used calcium ion, 
cadmium ion, manganese ion, magnesium ion and Zinc ion, 
but calcium ion is particularly preferred, and for example, 
calcium chloride may be used. The concentration of calcium 
ion is preferably 1.75 mM to 2.25 mM, and especially 2 mM. 
[0053] Incubation in a range of pH 8 to 10 at room tem 
perature in the presence of 130 mM to 170 mM sodium 
chloride, 1.5 mM to 2.5 mM divalent cation can form globular 
uniform-sized viral particle-like structures Without addition 
of a particle formation acceleration factor. 
[0054] In the method for formation of viral particles encap 
sulating a substance to be encapsulated according to the 
invention, the substance to be encapsulated may be included 
during the incubation for formation of the viral particles. 
There are no particular restrictions on the substance to be 
encapsulated, and for example, there may be mentioned 
nucleic acid, i.e. DNA or RNA, and especially DNA, proteins 
or peptides, and various loW molecular substances such as 
pharmaceutically active substances. 
[0055] The viral structure comprising the bioactive mol 
ecule prepared in the manner described above may be used for 
introduction of the bioactive substance into cells. This Will 
alloW application for introduction of the bioactive substance 
into viable cells for the purpose of drug delivery, gene therapy 
or the like, in the ?eld of regenerative therapies employing 
gene transfer, gene therapy, targeted gene expression and 
functional suppression, or application for tissue- and organ 
speci?c or lesion-speci?c labeling methods using virus-like 
particles containing labeled substances and the like. 

EXAMPLES 

[0056] The present invention Will noW be explained in 
greater detail by examples. 

Example 1 

Preparation of Viral Particles 

(1) Preparation of Viral Particle (V P1) Pentamers 

[0057] After seeding Sf9 cells at 1><107 each into ?fty 10 
cm-diameter tissue culturing dishes, they Were infected With 
recombinant baculovirus expressing SV40 viral protein 
(V P1) With a m.o.i. (multiplicity of infection) of 5 to 10. 
[0058] At 72 hours after infection, the cells Were recovered 
With medium using a scraper, and rinsed tWice With cooled 
phosphate buffered saline (PBS). To the recovered cells there 
Was added 10 mL of ice-cooled sonication buffer (20 mM 
Tris-HCl (pH 7.9), 1% (W/v) sodium deoxycholate (DOC), 2 
mM PMSF), and then a VP-15S (sonicator) by Taitec Was 
used for 10 minutes of ultrasonic disruption While cooling on 
ice under conditions With a 50% duty cycle and output at 5. 
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The cell disruptate Was centrifuged at 14,000 g, 40 C. for 20 
minutes and the supernatant Was recovered. 
[0059] Cesium chloride solutions With four different den 
sities (50%, 40%, 30%, 20% (W/v)) Were gently layered at 1.5 
ml each in a SW41 Ti Open Top Ultraclear Tube (Beckman) in 
order from the highest density, and then 5 mL of the cell 
disruptate Was layered thereover and centrifugation Was per 
formed for 2.5 hours With a SW4lTi Rotor (Beckman) at 
30,000 rpm, 40 C. After centrifugation, the White SV40 virus 
like particle (V LP) layer formed midWay in the density gra 
dient Was collected. The collected solution Was transferred to 
an SW55Ti Open Top Ultraclear Tube (Beckman), a 37% 
(W/v) cesium chloride solution Was added to approximately 5 
mm from the tip of the volume tube, and the mixture Was 
centrifuged for 20 hours With an SW55Ti Rotor (Beckman) at 
50,000 rpm, 40 C. after Which the re-formed VLP layer Was 
recovered. 
[0060] To the obtained puri?ed viral protein solution there 
Was added a 1/ 100 volume of 10% (v/v) surfactant NP-40 
(?nal concentration: 0.1%), and the mixture Was dialyZed for 
24 hours at 4° C. in a dialyZing solution containing 20 mM 
Tris-HCl (pH 7.9), 0.1% NP-40 for removal of the cesium 
chloride. Dialysis Was folloWed by centrifugation for 10 min 
utes at 15,000 g, 4° C., and the supernatant Was collected. 
[0061] Next, 0.25 M ethylene glycol bis ([3-aminoethyl 
ether)-N,N,N',N'-tetraacetate (EGTA) and 1 M dithiothreitol 
(DTT) Were added to the virus-like particles to respective 
?nal concentrations of 25 mM EGTA and 30 mM DTT, and 
incubation Was performed at 37° C. for 1 hour to dissociate 
the virus-like particles into VP1 pentamers. Incubation Was 
folloWed by centrifugation for 10 minutes at 15,000 g, 4° C., 
and the obtained supernatant Was subjected to gel ?ltration 
chromatography for puri?cation of the VP1 pentamers. The 
chromatography Was carried out using a HiLoad 16/60 Super 
dex 200 pg column (Pharmacia) under conditions of 20 mM 
Tris-HCl (pH 7.9), 150 mM NaCl, 5 mM EGTA, 5 mM DTT, 
4° C. 
[0062] A portion of each obtained fraction Was taken and 
subjected to SDS polyacrylamide gel electrophoresis, protein 
detected at a molecular Weight of about 200 kDa Was consid 
ered to be VP1 pentamer, and the fraction containing the 
protein Was considered to be the VP1 pentamer-containing 
fraction and Was froZen With liquid nitrogen and then stored at 
—80° C. 

(2) Preparation of SV40-VP2 Protein 

[0063] The SV40-VP2 gene having the histidine sequence 
and FLAG sequence inserted at the amino terminal end Was 
incorporated into pET-14b vector for transformation of E . coli 
BL21. The transformed E. coli Was inoculated into 250 ml of 
LB medium and shake cultured at 37° C. When the culture 
solution reached the logarithmic groWth stage (turbidity: 
O.D. value:0.3 (Wavelength: 660 nm)), protein expression 
Was induced With IPTG. At four hours after induction of 
expression, the E. coli cells Were centrifuged and collected 
and then rinsed tWice With cooled phosphate buffered saline 
(PBS). To the recovered E. coli cells there Was added 40 ml of 
ice-cooled binding buffer (20 mM Tris-HCl (pH 7.9), 10% 
glycerol, 500 mM KCl, 0.2 mM EDTA, 0.1% NP-40, 0.5 mM 
DTT, 10 mM imidaZole), and a VP-15S (sonicator) by Taitec 
Was used for 10 minutes of ultrasonic disruption While cool 
ing on ice under conditions With a 50% duty cycle and output 
at 5. The cell disruptate Was then centrifuged for 20 minutes 
at 14,000 g, 4° C. and the supernatant Was collected. 
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[0064] The collected supernatant Was mixed With 500 pL of 
His resin (Qiagen) that had been equilibrated With binding 
buffer, and the mixture Was stirred by sloWly rotating With a 
rotor for one hour at 4° C. The stirred solution Was centrifuged 
to convert the resin to a pellet, and the supernatant Was 
removed. After adding 10 mL of Wash buffer (20 mM Tris 
HCl (pH 7.9), 10% glycerol, 500 mM KCl, 0.2 mM EDTA, 
0.1% NP-40, 0.5 mM DTT, 20 mM imidaZole) to the resin, the 
mixture Was stirred. The stirred solution Was again centri 
fuged and the supernatant Was carefully removed. This Wash 
ing procedure Was repeated 3 times. Finally, 500 pL of elution 
buffer (20 mM Tris-HCl (pH 7.9), 10% glycerol, 500 mM 
KCl, 0.2 mM EDTA, 0.1% NP-40, 0.5 mM DTT, 1M imida 
Zole) Was added to the resin and the mixture Was stirred. The 
stirred solution Was centrifuged and the supernatant Was care 
fully collected. This procedure Was repeated tWice to obtain a 
total of 1 ml of SV40-VP2 protein. 

(3) In Vitro Reconstitution of Viral Particles Under Physi 
ological Conditions 

[0065] The prepared SV40-VP1 protein pentamers and 
SV40-VP2 protein Were used for in vitro reconstitution of 
viral particles under physiological conditions. Speci?cally, 
for pH 5 to 7, 3.4 [1.1 of 800 ng/ [1L VP2 protein Was added to 
150 pL of 82.5 ng/ [1L VP1 pentamer protein, incubation Was 
performed at 4° C. for 30 minutes, and the mixture Was 
dialyZed by a dialysis method With a solution containing 150 
mM NaCl, 2 mM CaCl2 for reconstitution. The addition Was 
to a molar ratio of VP1 protein and VP2 protein of 360:84. 
Detection of viral-like particles Was accomplished by elec 
tron microscope observation. The results are shoWn in FIG. 1. 

(4) Examination of VP1 Pentamer Assembly Under Physi 
ological Conditions 

[0066] A solution containing the puri?ed VP1 pentamer 
protein Was solvent-exchanged under physiological condi 
tions, and the state of aggregation Was examined. Unlike the 
results of (3) in Whichpar‘ticle formation Was observed, in this 
case When the pH Was 5.0 to 7.0 under physiological condi 
tions, almost no viral particle-like structure formation Was 
seen With VP1 pentamer alone. VP1, for example, 150 pL of 
VP1 pentamer at 270 ng/uL concentration, Was dialyZed at 
room temperature With a solution of 150 mM NaCl, 2 mM 
CaCl2 at pH 4, 5, 6 or 7. After 16 hours from the start of 
dialysis, the solution Was recovered and observed under an 
electron microscope, and the state of aggregation of VP1 
pentamers under different conditions Was observed. The 
results are shoWn in FIG. 2. 

(5) Aggregation With Addition of VP2 Protein to VP1 Pen 
tamer at Varying Proportions Under Physiological Condi 
tions 

[0067] Protein solution Was added to puri?ed VP1 pen 
tamer protein at molecular Weight ratios of VP1 proteinzVP2 
protein:360:10.5, 360:21, 360:42 and 360:84. The solution 
Was solvent-exchanged under physiological conditions at pH 
5.0 at room temperature using a dialysis method. The 
exchanged solvent Was observed under an electron micro 
scope to examine the state of aggregation seen When varying 
the VP2 protein concentration. 
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[0068] For example, protein solutions Were mixed With 150 
pL of VP1 pentamer at 270 ng/ [1L concentration and 1.1 uL, 
2.2 uL, 4.4 [1L and 8.8 [1L ofVP2 protein at 1.1 [Lg/[1L con 
centration. The solution Was incubated at 4° C., 30 min and 
dialyZed for 16 hours at room temperature With a pH 5, 150 
mM NaCl, 2 mM CaCl2 solution. The solution Was recovered 
and observed under an electron microscope to observe the 
state of aggregation of VP1 pentamers With varying VP2 
protein concentration. The results are shoWn in FIG. 3. Char 
acteristic rod-shaped structures Were seen under these pH 
conditions in several of the experiment groups, but globular 
virus-like particles Were simultaneously formed. 

(6) Aggregation of VP1 Pentamers With Addition of AC13 
VP2 Protein, AC40VP2 Protein andAC80VP2 Protein Lack 
ing Carboxyl Terminal Ends 

[0069] Puri?ed VP1 pentamer protein and puri?ed AC40 
VP2 protein (molecular Weight: approximately 34 kDa) and 
AC80 VP2 protein (molecular Weight: approximately 30 
kDa) Were combined in a molecular Weight ratio of PV1: 
carboxyl terminal-lacking VP2:360:84, and the mixture Was 
incubated at 4° C. for 30 minutes. The mixture Was dialyZed 
at room temperature With a pH 5.0, 150 mM NaCl, 2 mM 
CaCl2 solution. 
[0070] For example, 2.6 pL of AC40 VP2 at 763 ng/uL 
concentration or 2.3 pL of AC80VP2 at 758 ng/uL concen 
tration Was added to 150 [L of VP1 at 75.7 ng/uL concentra 
tion, and the mixture Was incubated for 30 minutes at 4° C. 
The mixture Was dialyZed for 16 hours at room temperature 
using the aforementioned solution, and then the mixture Was 
recovered and observed under an electron microscope to 
examine the state of aggregation of VP1 pentamers With 
addition of carboxyl terminal-lacking VP2 protein. The 
results are shoWn in FIG. 4. It is seen that virus-like particle 
formation can be induced despite the absence of a portion of 
the VP2 amino acid sequence. 

(7) Observation of VP1 pentamer assembly With addition of 
point mutation-introducedVP2 proteinVPl pentamer protein 
Was mixed WithVP2 protein having different point mutations, 
speci?cally, VP2 protein having the Pro, Gly, Gly from posi 
tions 283 to 285 mutated to Arg, Glu, Arg (hereinafter, 
PGPQRER), the Phe at position 276 and He at position 277 
mutated to Glu (hereinafter, FIQEE), or to Ala (hereinafter, 
FIQAA), and the Leu at position 296 and Leu at position 300 
mutated to Ala (hereinafter, LPLLLQAPLLA), in a molecu 
lar Weight ratio of VP1 :point mutated VP2:360:84, and each 
mixture Was alloWed to stand at 4° C. for 30 minutes and then 
dialyZed against a pH 5.0, 150 mM NaCl, 2 mM CaCl2 
solution at room temperature. 

[0071] For example, 2.7 pL of PGP—>RER VP2 at 984 
ng/ [1L concentration, or 2.3 pL of FI—>EE VP2 at 1.18 pg/ [1L 
concentration or 3.5 pL of LRLLLQARLLA VP2 at 779 
ng/ [1L concentration or 2.4 pL of FI—>AA VP2 at 1.13 [Lg/[1L 
concentration Was added to 150 pL of VP1 at 82.5 ng/ [1L 
concentration, and the mixture Was alloWed to stand for 30 
minutes at 4° C. and dialyZed under the conditions described 
above. At 16 hours after the start of dialysis, the mixture Was 
recovered and observed under an electron microscope, and 
the state of VP1 pentamer assembly With addition of point 
mutation-introduced VP2 protein Was con?rmed. The results 
are shoWn in FIG. 5. In all cases, there Was no inhibition 
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against the effect of virus-like particle formation by introduc 
tion of point mutations into VP2. 

(8) Observation of VP1 Pentamer Assembly Under Condi 
tions ofpH 8.0 to pH 10.0. 

[0072] A solution containing puri?ed VP1 pentamer pro 
tein Was dialyZed under conditions of pH 8.0 to pH 10.0 and 
the state of aggregation Was examined. Virus-like particle 
formation Was observed even With VP1 pentamer alone at pH 
8.0 to 10.0 under physiological conditions, unlike With the 
conditions of pH 5.0 to pH 7.0 necessary for particle forma 
tion acceleration factor. For example, 150 pL of VP1 pen 
tamer at 270 ng/ [1L concentration Was dialyZed With 150 mM 
NaCl, 2 mM CaCl2 solutions at pH 8, 9 or 10 at room tem 
perature. After 16 hours from the start of dialysis, the solution 
Was recovered and observed under an electron microscope, 
and the state of aggregation of VP1 pentamers under different 
conditions Was observed. The results are shoWn in FIG. 7. 

Example 2 

Formation of Virus-Like Particles Incorporating 
DNA 

[0073] Example 1 Was repeated. HoWever, in step (3) for in 
vitro reconstitution of the virus-like particles under physi 
ological conditions, a 3000 bp plasmid Was included and the 
formed virus-like particles comprising DNA incorporated 
into the virus-like particles Were subjected to sucrose density 
gradient centrifugation, and then fractionation and Southern 
blotting for detection of DNA. As shoWn in FIG. 7, the DNA 
Was incorporated into the virus-like particles. 
[0074] The prepared SV40-VP1 protein pentamers and 
SV40-VP2 protein Were used for in vitro reconstitution of the 
virus -like particles under physiological conditions. DNA Was 
added during the procedure. Speci?cally, at pH 5 .0 to 7.0, for 
example, 2.8 pL of 800 ng/ [1L VP2 protein Was added to 150 
pL of 75 .7 ng/ [1L VP1 pentamer protein, and then 21 pL of 5 .7 
ng/ [1.1 3000 bp circular double-stranded plasmid DNA 
(pG5vector) Was added. The mixture Was incubated at 4° C. 
for 30 minutes and dialyZed using a dialysis method With a 
150 mM NaCl, 2 mM CaCl2 solution for reconstitution. 
[0075] Sucrose density gradient centrifugation Was carried 
out in order to con?rm detection of the DNA added to the 
reconstituted virus-like particle fraction. The centrifuged 
sample Was fractionated and the fractions Were subjected to 
protease treatment for decomposition of the VP1 protein. The 
sample Was separated by agarose electrophoresis and sub 
jected to Southern blotting to con?rm that the DNA could be 
detected in the virus-like particle fraction. The virus-like 
particles are usually included in fractions #8, 9 and 10, and as 
shoWn in FIG. 7, detection of DNA in fractions #8, 9 and 10 
con?rmed that DNA had been enveloped in the virus-like 
particles. 

Example 3 

Gene Transfer into Cells Using DNA-Incorporating 
Virus-Like Particles 

[0076] Example 2 Was repeated. HoWever, the plasmid used 
Was pEG Which can express a ?uorescent protein (GFP) in 
mammalian eukaryotic cells. Formation of virus-like par 
ticles containing the pEG plasmid DNA Was accomplished by 
sucrose density gradient centrifugation, and it Was con?rmed 
that DNA Was contained in the fractions containing the virus 














