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HIV-1 HIV-1
1
Bacillus subtilis Y- v-PGA
v-PGA
v-PGA DDS
v-PGA
o- Y- D-
o-1, 4
1-1 v-PGA
v-PGA 38, 200, 500 HAA L-phenylalanine
ethylester (Phe) L-tryptophan methylester (Trp) L-tyrosine ethylester (Tyr)
WSC v-PGA 1 vy-PGA HAA
'H-NMR y-PGA DMSO
T NH,~R I i
«NH-CH-CHyCHyC}, ~ —»  —NH-CH-CH,-CH,-C}—£NH-CH-CH,-CH,-C};
| | |
COOH wsC COOH ¢=0
Poly(y-glutamic acid) (-PGA) 4-PGA hydrophobic NH
derivatives (y-hPGA) R
Hydrophobic 1 Il 1]
amino acid — CH-C-O-C,Hs — CH-C-O-CH;,4 — CH-C-O-C,H;
(HAA), R; I I I
CH, CH, CH,
: NH
OH
L-phenylalanine L-tryptopan L-tyrosine
ethylester methylester ethylester
(Phe; F) (Trp; W) (Tyr; Y)

1 v-PGA



y-PGA HAA

v-PGA HAA
WSC Phe
40 60% Trp 50 60%
HAA 2a, b Phe 50%
200 nm 2c  Tyr v-PGA
pH v-PGA Phe 53% v-PGA-Phe53
pH 0
3a
Coomassie Brilliant Blue CBB
CBB 3b v-PGA-Phe53
Phe y-PGA COOH
COOH
a b C
700 -~ y-PGA-Phe 20 —e— }-PGA-Phe53
-0~ y-PGA-Trp —O0— y-PGA-Trp51
—_ 15 | —— y-PGA-Trp56
€
£ 500 - <
E - g 10
E 300 | }\‘\‘\’ £
5|
100 : : ‘ 0+t
40 50 60 70 10 100 1000 10000
Grafting degree of HAA (%) Particle size (nm)
2 y-PGA . a . b
DLS . ¢ y-PGA-Phe53 SEM
a b
10 3
y-PGA-Phe53
L 1000 pg/ml
0 f 500 pg/ml
— 1 L 250 pg/ml
2 Z 12 2 125 Hp,g/ml
= 10 + 63 pg/ml
% Abs | 31 pug/ml
% 16 pug/ml
; 20 1 0 ug/ml
N i
-30 -
0\ | | |
400 500 600 700 800
40 L Wavelength [nm]
3 a y-PGA y-PGA-Phe53 pH . b

CBB
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25% P25 65% P-65 94% P-94 3
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COOCHS CH-COOCH;CH;
I'\IH
)
n
4 P-94 SEM
2 v-PGA
v-PGA 200 nm
DDS
v-PGA
2-1
v-PGA Phe 10% v-PGA y-PGA-Phel0 Phe 53%
y-hPGA-NP-53 pH7.4 or pHI2
GPC v-PGA v-PGA
pHI12 5
v-PGA
2-2
v-PGA, y-hPGA-NP-53, y-hPGA-NP-74, poly-L-glutamic acid a-PGA 10 unit/ml
37°C y-glutamyl transpeptidase y-GTP , pronase E (PE),
protease, cathepsin B (CB), lipase PE
CB
GPC

SEM, DLS, 'H-NMR
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Phe v-PGA v-GTP
6 SEM
6 7
(a) pH7.4 (b) pH12 (c) GPC traces
80 a)0h
—o— y-PGA
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S
i)
®
S
g
o
3
[a}
0 rs s 1 s 1 s 1 s 1 s J
0 10 20 30 40 50
Incubation time (hr)
7 y-GTP
6 y-GTP -PGA SEM . y-GTP a
Oh, b2h, c4h, d6h.
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0
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9
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Lowry

gpl120 HIV-1 p24 SIV p27 influenza hemagglutinin (HA)
v-PGA

v-PGA

3-2
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Amount of entrapped proteins (ug/NP1mg)

v-PGA

v-PGA-Phe53  DMSO
v-PGA
I mg
v-PGA
10a
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v-PGA-Phe53
v-PGA
10b
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150 r

—e— Thyroglobulin
—— Catalase
—a—ConA
—e—BSA
—%—OVA

—— Peroxidase
—+— B-Lactoglobulin
—O— Myoglobin
—— Lysozyme
—0O— a-Lactalbumin

lysozyme, cytochrome ¢

-
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Peroxidase

100 r
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a Table. Charactarization of peptide C 60 ¢ cow@
Cord Amino acid Mw I GRAVY® 9 CONHO
residue P 3 COOH T26K
c R15K
C-1 14 1508 10.1 -0.31 2wl ot
c-2 14 1577 86 0.5 5 C-2 )
p24 9 1064 6.1 0.26 S
RI5K 15 1656 123 —044 8 0! Q
T26K 26 3007 127 129 ‘g "
& Grand average of hydropathicity £ P
0 [ ]
60 4 6 8 10 12 14
O Immobilization d pl
O Adsorption
— m Encapsulation
§ T 50 -
g 40 B £
g g 40 ¢
Qo 5]
?‘1:.‘) g 30 -
c [
2 5
g 20 r § 20
‘E n
w § 10 |
S p24
0 L TN 0 L
c-1 c-2 p24 R15K  T26K 15 -1 05 0 0.5
GRAVY
12 . a b
c d
4 v-PGA
17 y-PGA y-PGA-Phe53
v-PGA pH
y-PGA
pH
4-1
v-PGA pHS 7 pHS5 pH7
pH
pH
13 v-PGA v-PGA
COOH 360 nm,

-32 mV pH
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pH v-PGA 7-PGA-Phe36 y-PGA-Phe53 v-PGA
pH
14a v-PGA
pH v-PGA 14b
2
pH v-PGA 2 FT-IR
CD pH7 1654 cm’ amidel 1535 cm™ amide I
random pHS5 1639 cm™ amidel 1542
cm’ amide II B-sheet
pH v-PGA COO COOH
2 CD 2
v-PGA pH
B-sheet Phe
v-PGA pH 2
pH pH v-PGA  endosome-disruptive
nanoparticles
a 60 r b 60 -
50 F v-hPGA NP 50 |
2 40 g 40 |
A B3
o o
g 30 r g 30
T I
20 E
10 - Blank 10
0 0 SRR
45 5 5.5 6 6.5 7 7.5 8 0.1 1 10 100 1000 10000
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13 v-PGA apH, b
-10 25 pH5
a b (193 nm)
o0 4-PGA-Phe53
T 20| (-hPGA NP) -
o 25 F ‘@
g g
s 30t 1-PGAPhe3s =
N
35
1-PGA
-40 L L L I L
3 4 5 6 7 8 10 100 1000
pH Particles size (nm)
14 v-PGA pH a , b
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protein-based vaccine
QS-21 O/W
LT
2000
y-PGA

MF59

LT

v-PGA

ELISA

IgM

II

DDS

CFA

CT

v-PGA



DDS 40

DDS
@)
APC
CFA
DC
B T
T
T
drug delivery system DDS v-PGA
human immunodeficiency virus type 1 HIV-1

1-1 DC
20 ng/ml  recombinant murine granulocyte
macrophage colony-stimulating factor GM-CSF 6 1 pg/ml  lipopolysaccharide

LPS
B dextran
ovalbumin lucifer yellow
B
5
CDllc
4°C 37°C 2 4°C
37°C

cytochalasin B cytochalasin D nocodazole
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37°C 4°C
4°C
1-2 HIV-1
HIV-1 gp120 A
350 nm gp120-NS 37°C 1
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gpl120 1 pg/ml  gpl20
gpl120
o gpl120 gp120-NS
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=
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-
=
)
]
-°]
>
lg
E w0 1ot 10 10® 109 1 0! 10f 10 10
Fluorescence intensity
gpl20 gpl120

gp120 37°C 1
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1-3 OVA
CFA OVA
OVA T 10 pg/ml OVA
T OVA 0.1 pg/ml OVA
T
T
e DC
None None
unpulsed unpulsed
OVA-NS-pulsed (0.03 pg/ml) NS-pulsed
OVA-NS-pulsed (0.1 pg/ml) OVA-NS-pulsed (0.03 pg/ml)
OVA-NS-pulsed (0.3 pg/ml) OVA-NS-pulsed (0.1 pg/ml)
OVA-pulsed (0.1 pg/ml) OVA-NS-pulsed (0.3 pg/ml)
OVA-pulsed (1.0 pg/ml) g::'p":“: "]]':] "g]'":)
OVA-pulsed (10 pg/ml) . . . oV, Al:lms:e d((l.ﬂ :::j]:l: . .
0 20 40 60 80 100 0 20 40 60
cpm (x 10°) IFN-y (pg/ml)
OVA T OVA + CFA
OVA T OVA OVA
IFN-y
1-4 HIV-1
HIV-1 4
HIV-1
HIV-1 T
CTL
a b
25 25
—_ —e— Peptide-pulsed P815 2 20 —e— Peptide-pulsed P815
& 201 o p8is S 2V o815
2 15 é 15
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51 3
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=5 5
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) S — R
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CD86

invivo

tumor necrosis factor-o. TNF-o

CD40

interleukin-12 IL-12
LPS CpG
v-PGA

v-PGA

—a—iICs WNI-treated DOs 18 ug/mi)
——mlCs —a— NP-treated DOCs (37 pgfmill)
#— NP-treabed DCx 75 jagimil )

== M- treated DCs {150 pug/ml)

—— NP-treated DCs CH g p/mil )

—— -
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= 6 2 400
Ty g 300
o w200
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o o
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N )]
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£
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o

(=]

- 50 100 150
MyD88 inhibitor peptide (ug/ml)

A LPS + MyD88 inhibitor peptide
B NPs + MyD88 inhibitor peptide
A LPS + Control peptide
0O NPs + Control peptide

v-PGA
LPS
TNF-a
NF-«xB
3-1 OVA
OVA OVA-NPs

NF-xB

6Gh 24h  48h
LPS v-PGA
v-PGA
MyD88 NF-xB
b DIC pEs Merge
PBS
LPS
MNP
MyDS88 NF-xB MyD88
v-PGA
PBS LPS v-PGA
footpad 2

CFA



CFA + OVA IFN-y
IgG IgGl IgQG2a

a
i 45 45 45 45 @ : Peptide-pulsed EL4
© 35 35 35 35 & Fl4
G 25 25 25 25
§ 15 15 15 \ 15
- 5! ¢ >—o—8 5 *—o—g—¢ 5| e —o—o 5
2 50 2512 6 502512 6 50 25 12 6 502512 6
E:T ratio E:T ratio E:T ratio E:T ratio
PBS OVA OVA-NPs CFA + OVA
b C
E\ - —_— i —
g E o s 2 —
g 5 20 15
= =) 3
g 3 :2 3 10
« 0 qu-" g S._Q"’ O«S“ c 0 QQ? & Lg?" O‘F e ° Qéﬂ O,;‘* x\q‘: oa\‘?‘
& & & & & &
OVA-specific total IgG OVA-specific IgG1 OVA-specific lgG2a
OVA y-PGA
PBS OVA OVA-NPs OVA + CFA  footpad 2 0 7
21
OVA OVA IeG OVA
IgGl IgQG2a
3-2 HIV-1p24 y-PGA
HIV-1 Gag p24 p24 y-PGA
p24-NPs
p24  y-PGA p24 + NPs
p24
a b
PBS H no antigen PBS M protein coating
M p7g peptide B peptide coating
NPs B p24 protein NPs
p24 p24
p24 + NPs p24 + NPs
p24-NPs - p24-NPs
0 50 100 150 200 250 3 6 9 12 15 18 21 24
SFU/10° cells Antibody titer
p24 v-PGA
PBS NPs p24 p24 + NPs p24-NPs 30 7 14 24
p24 IFN-y
p24
3-3 HIV-1 gp120 v-PGA

HIV-1  Env gpl120 v-PGA 1
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Listeria monocytogenes 1
CDS8 T CTL
LLO v-PGA
CD8 T CTL v-PGA
100 |
80 7]
S 60} |
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v-PGA

v-PGA



CTL

1)
T
1
(Fusogenic liposome; FL)
FL
Human T lymphotropic virus type I (HTLV-I) Tax (
H-2K" ) N FITC FL FL
1 OD540 29.8 ug/ml Tax
FL Tax flow cytometry
Tax FL C3H (H-2)
Tax T (CTL) Tax
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CTL FL CTL
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CTL
tax only tax-CFA tax-FL
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( 3
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80 1
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APC (C21) OVA

FL FL OVA

OVA MHC class |
FL OVA IC-21
C57BL/6 (H-2") 50 ug  OVA 1/10
5 ug OVA FL 2
4 OVA CTL OVA
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CTL
FL CTL
OVA ( 4
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APC T IFN-y 1IL-12 Thl
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FL DNA APC  Toll-like receptor 9 (TLR 9)
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5000

Tumor volume (mm?)
Tumor volume (mm3)

25

0 5 10 15 20 0 10 20 30 40
Days after tumor challenge Days after tumor challenge
6 B16BL6
(A); , (B); 3
®; FL/TCL , O; Lipo/TCL , l; empty FL + TCL , O
empty FL , A; CFA/TCL , A; TCL , ®; PBS
4
APC
FL
“ ” 500 nm
(800 nm) 749 nm -26.5 mV
C )
800 nm 500
nm
FL FL
FL
130 nm
-14.7 mV ( ) FL
1
Diameter Z-potential
Sample (nm) (mV)
NP-Lipo 749.318.6 -26.5x£1.1
NP-FL 880.1+9.5 -14.742 2
Sendai Virus 301.74+2.0 -13.6+1.3
500 nm FL
1 10

FL



5 y-PGA

v-PGA
v-PGA
y-PGA NP/FITC-OVA 37°C FITC-OVA
( 7) PBS y-PGA FITC-OVA 10%
FBS FITC-OVA
v-PGA
128
0o
F e 7 FITC-OVA y-PGA
g - FITC-OVA
= O; 37°C PBS , @; 37°C 10% FBS
D
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v-PGA 90%
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(Freund’s incomplete adjuvant; IFA) TAA TAA
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OVA v-PGA OVA
(E.G7-OVA ) CTL CFA
( 9 CFA
100 pg OVA 10ug OVA y-PGA
v-PGA
B16-OVA OVA v-PGA

CFA «C 9
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