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Development of Organic-Inorganic Hybrid Vesicle “Cerasome”as a Gene Carrier

HE =E5Bf (Keishiro Tahara)
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Since the discovery of lipofection, cationic lipids have been
widely used as transfecting agents in gene delivery. However,
the cationic lipid-forming liposomes easily undergo DNA-
induced fusion to produce larger particles that are not suitable
for transfection. Because gene delivery methods using cationic
lipids are considered as a valuable alternative to viral
transfection, the transfection efficiency has to be improved to
benefit fully from their advantages. We have recently developed
a ceramic-coated liposome, cerasome, to overcome fusibility of
liposome. Cerasome is a viral size-particle with liposomal bilayer
and silicate surface. This review describes the concept,
characterization and function of the cerasome. Furthermore, we
described its remarkable transfection performance as a gene
carrier.
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Fig. 1 Structures of cerasome-forming lipid and peptide lipid.
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Fig. 2 (a) Schematic representation of organic-inorganic hybrid
vesicle “cerasome”.
(b) SEM image of a cerasome formed with lipid 1.
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Fig. 3 (a)Schematic representation of “metallosome”.

(b) SEM image of a magnetic cerasome
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Fig. 4 Schematic representation of the transfection mediated by
cationic vesicles: freeze fracture TEM images of cerasome
formed with lipid 2 and liposome formed with lipid 3 in the
absence and presence of plasmid DNA.
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Fig. 5 (a)Yields of luciferase in the transfection of HepG2 cells in
the presence of serum (10% FCS) using plasmid DNA
(pGL3) and variable amounts of lipid 1 and 2.

(b) Electrophoretic gel shifts for plasmid DNA in the
absence and presence of increasing amonts of lipid 2 in
water containing serum (10% FCS).

(c)Freeze fracture TEM images of cerasome formed with
lipid 2 in the absence and presence of plasmid DNA in
water containing serum (10% FCS).
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Fig. 6 Creasome-mediated transfection of the hippocampal neurons:
(a) optical and (b) fluorescent images of the hippocampal
neurons treated with the lipoplex composed of lipid 2 and
plasmid DNA encoding GFP (scale bar = 50 pm).
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ICG-maleimide

ICG (Indocyanine Green) |IFFHEEEREBDCHDBERE R
ICERANVONTNS P ZVBRT., ARNBIEICELZFEF
9, MEERRIE 774 nm iF. BEIREKRIZ 805 nm (HETH V.
EEATHWVIBETE. NEJOEVREICEIDBEERISIC
<WEWDBEXFUEEBLTWET, NHTIE. AEP5T /0
BD7 I /BN LTICG ZIZ5H Y S ICG Labeling Kit - NHz ([E
ZO—RLK31) ZERFLTHUEIHA. ZOE. BEE#ALL
TICGDV LA I RIATERREWLE LIz, AAKIT. ZD
BERICVLA I REZBLTI\D2H. SHEEN L TEBAIT
ERICICGEERTDIENTEZT,

AEAE(T, EFRAEHRER Nz invivo 4 A= 2 OADIAD
BRI TEEd,

D -

ICG-maleimide

|
bO

ICG-labeled Compound

Compound containg SH Groups

Fig. 1 ICG-maleimide D&i&E
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Topics on Chemistry
AT RR T

TSI LA (Ca®) I SHIRRNTIERTENEE L TRIE.

EHEREMITIDEELRA A D—DOTHD, MEBAD Ca>*
EEISHEAN OEL2BRIEAESITHZETERL. INAEIE
EERY . ROENDFICIERT 5. ZOMRER. BREE. FHIN
. AR, RERE. PR ESDOEEER
ICBEET22EMDNDTIND, TDKDICHIFERN Ca? DEE)
E%DZDZttztétﬂﬁgﬂﬁgﬁm:?ﬁﬁ(ézé:?‘J"b\ HEEAD Caz D

D - ZBERISATOWRE L TEESNEGITTLNVD, LKL, £
D—ATEE. #HIBBNTO Ca®>* DEENIIRBPLENZFES
NTWVz. ThEHETDEONIFEB DDA, 1980 EXIC
Tsien HIC K D TR I /- Ca? RIRMEN 70— 7 Quin 2 (Fig.
1) THDVe COBEBABEOEIZICLY . HHIEAD Caz DEHRE
PIEREENE S L TOREIDERBICEE T DMFTIIAE ESL
It AV -

COOK -
N—, N~ COOK
COOK
HsCO N o~©
b\
CHs

Fig. 1 Quin 2 DIEi&

Quin 2 DK 573 Ca? @R EH TO— T3, Ca? ZEIRMICER
HIDCaFL— ML BHMERIMUD2 DONOEREINT
B, Ca** FETFTE F Tl PET (photoinduced electron transfer)
MBICK W BHISELREICHD, LHL. Ca» TO—TII—FE
HREAICRYRAEFNDE, FL— MEMIA Ca® EFEIREFR L.
PET ®IERDERTICK Y . BOEAEFETD (Fig. 2), JDEHHE
BEOZIZHIL D LREKRENICEI /286, MBBROE S
BZHEIT2ETHRAD Ca> DEREAZBEEMICAHNDZ &N
TE%, BEFTICCa @A TO—TI3@A4FME. HILo D LA
7 UBRBEE . EAREME. RALWMBENMA S, Quin2 D

RRAENTO—T ZRWHBRRAIIN S D LATF Y DNIVFHIT—AA=20 T

BHAZHBECEFMFR BHf Eih

LA LEAS, REFTICHEIN/-Ca> TO—TDZELIIH
BEXBREZFNBLELDTHY. HKRHN (near-infrared: NIR:
650 ~ 900 nm) EHABREFA L/ Ca> 7O—TICD\ T
EAEREINTUVE . ARAFEFHIIMBEHRONETOE Y
PEZEDMDERDFORINEXRESZIF, EEEAMEIENE N
SRELH D, —H. ERMEIZFNOSDRINZEZITY . £HE
BEICEBNTNDIEND, EEEBOBRERICEREINT VD,
oI, ERAEXABRIIMROTRELBREMERENER
Dz, ENOEHEBT DI E THEBROEMDOREFZ R EZERN
EL. HBEADZEREADICAMNBPHFINT VD, INIZEK
V. Ca* BEDZEILEZNICHEDSMDA F PR FDOREZE(LZE
B—REATERICO DORFNICERET D EATREICKY .
RO FXA 7 o DEE A L EMICMD I ENTED,

Z T F T (Z. Heptamethine cyanine-BAPTA? *® Squaraine-
BAPTAY (Fig.3) D& SHEERNBREERBIRE LIz Ca>
O—T7hREINTDH. ZNODBEIFEFINEIELS . B
H ON/OFF T F LAV NEWNENWDREDH D, ED=H. &
NSO NIR Ca? 7O—TJ&HBEAN Ca® A A — 2 FIZRLN=H)
[FERESN TR,

AFETId Suzuki S HBIFE L /=138 D NIR Ca> 70— 7 KFCA*
(Aex = 655 NM, Aem = 670 nm) ZFENT D (Fig. 4)o KFCA IFZ
NFETHRESNTIVBNIRCa> TO—TJEAHKICERETHD
2 TR 1) EFIEASI. 2) BY ON/OFF 27+ )L
—RERIICERSNTIVD Fluo 4 BEELEASE. EWOFELDHD,
BEICAL CIIEROAREXBREEHK. HAXBRBME DIV
I LEGEML (BAPTA) D 2 DDERMINSHE D, BHEBEIRNL
|C|3 BODIPY &1 %D KFL-5 ZFB (\CT(\%, KFL-5 (3 Suzuki
SHEREEDTNVKFL A TS —D—DT>9, Cy5 &I
EAEBUMRIN - 8HANRT MNLEFDOZ EMD, BEXRMBHSE
EBDFERMABETH Y. NEAMICBNTI\D,

BAPTA & KFL-5 EDiAEHLEICK Y EFEBEDOSFL—
NERAIM S B ABEIRMUAD PETMREMBFTED, DF .
KFCA 3 Ca>* JEFE N CIIPETMRICK W EN X BRIIEL LK
RELEIEOTIVDA, Ca* EHEET DT ET BAPTABBMIDET N

i, FL— ~EBiI&E LT BAPTARBIEAZB I D Fura2, Indo 1. F+—&LTDEEANGE AL Ca* FEFAE FICLERNT 120 &0
Fluo 3. Fluo 4 B ENEHEINTE . WENAEFET D, ZDHEHNKON/OFF T FILEkIEFluodDZENE
COo" COO COO™ "00C

k 7COO" ooc7
COO” N C 2+
FL—MERL [iT Tij
CHs \
Ca?
Fluorescent Dye _—> Fluorescent Dye

PET S8R
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PET ShEREZH
= on
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Fig. 3 Heptamethine cyanine-BAPTA () & Squaraine-BAPTA (F) (Di&i&

BETHh'). Cyanine 7O—7 (4 fELLT). Squaranine 7O —
T (315 EENRTIHEICH, Ca* EDFMAMMAETRT KifBED
0.50 yM & Fluo 4 (Ko = 0.35 pM) EFIZESETHD I EN D,
KFCA |3 Ca** 7O—TJ & L TOEHFEZTDHFOTD,
JRIZ. Suzuki 513 KFCAD Caz* JO—TJ & L TOMREA A
25, HeLafilBZBI\T Ca2 DA A= 0T&1T D=, FD
IR MREADZELEBDIREG AR T DOl Ca JO—T&
LT—MMICERASNTUDEREBRD Fluo 4 (Ae = 495 nm. Aem
=518 nm) EEHY V/INUBTHDIRERD DsRed2 (Ao = 558
nm. Aen=583nm) % KFCA &—#&ICZFNZNE—DHRENIC
BRViAFH- (DsRed2 ISFEEEBRDBDL R—F—&EZFEL
THAINTWDEXY V/INTE), ZDHER. Fluo4 & KFCAZ
BERFICERYRAFE/MBERICH T, BERREEBHIET 1
WEZZ2D5ETENFNICHERTSBZEHIMTHE T LN
T&Efc, BHYVINIBTHD DsRed2 EDIEAEHEITHINT
H. Fluo4 EEKIC. MEREPEANEF v RINEZEZDIE
T. B—HBENTENZENOBEHRIDZENTEZ, I
DHFERITIKFCANREK D Ca2 O — T TS Fluo 4 EBIkIZHAR

BAPTAEB{L

Fig. 4 KFCA D@

ATH., ZOMEZTDICKIBLTND I EEZRLTINDETT
%<, e - EXEEN Fluo 4. DsRed2 DA A R8N 70—
TERBDIH. AN Ca BEZ L EZNICHES ZDMDER
AFDRENHRZBRFICAA—VTIDIENTRETHDE
HERL TS,

E 5. Suzuki 5% KFCA & Fluo 4 %= [E— Hela #IBE(ZERY)
RECTEBICATP ANICKD Ca EEDRBNENLDEEE
T27=. ZOHER. #HERNIZH T KFCA DIEEBZLICT Y 28
HBEDZ IS Fluo 4 EAZEDEFHERLIZZEND, CaRE
DORBNZCOBRRICEFRATEDEExOND,

M ED#ER LY KFCA IFHERD Ca? TO— T EBEEDI4EE
FOMREIFTREL, Ca AN DI RMBEEEN TO— TS EHBTD
CETBHDAF U E IR FEENE LTz Ca* DFIFMNZ(L
DEEANOFBHEFIND, T5IZ. KFCA BIEDRFINI %
B2 ETEDMDA 7 REMEZE (reactive oxygen
species: ROS) i EDERDFDSERBICEICHAETHD &
EZ25

HREROISESIEEEB AR SIC13. B0 F 0 FkE3D
FOEEFZLENICIRADIEDNRARNTHY . SEBIIZDLD
BAVETNIBEDLEABEDOBEREI’EBRILL DTS DDTII
BWNEZDD%,
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Calcium Kit II - iCellux

<HER> <*vhbRE>
F BRURREMEED I FIVInEN B L (¥4t Calcium Kit I - Fluo 4 LEER) . + Calcium Probe
- JO—T&EFMUTBOMBEEEISRE, - Dimethylsulfoxide
* Fluo 3 %> Fluo 4 LEKRDERFIEEE T2 TO—T&ER, - Hanks' HEPES Buffer
- 96 well, 384 well DEA DV A VO TL— MIFIS, - Quenching Buffer
- Probenecid Solution

FERIL. HERAIN LA F HEBNEREAEICHELR/NY I 7—E5BARAALFY NTT, SBRAD/INYITSI
RENRAMHT DIV Fr—EBINVDIET, WL I ATO—TEBEANBT LI BOEFREETOIZERL MBERAIL DD
LEEZT(ERANETETE T, HRRENTEE LD/, HEK293 MlRE EDFBE LT L lRRZER T 2580, BRI —Z2
JHaIFOBEICELTNET, £/-. MREBEYAMTIEILEICSL T, BRICHE L= Probenecid BA 72 SV AR—5—
PFHER) SARERMT DI ENTRETT,

BIERE
1) JUT7RNLOEBHAERYA 2O — MIHBRAERET D,
2) 7 Dimethylsulfoxide Z VT, Calcium Probe %8R 5,
3) Quenching Buffer (Z Hanks' HEPES Buffer. Probenecid. K Uf. Calcium Probe j&/&% 1% CT. Loading Buffer %Y 5,
4) 1) OTL— MIEiEEED Loading Buffer #ZNZNDD T)LICHA %o
5) 37CT1RREAVF1X—bT D,
6) ZOFEEFRMISLDHEABERESBHEHATL — N —F—THUET 2,

AEFIR
B, ZUTRMLOEXNERYA 20T L— bETARE/ FTHERAUEN ALY oOTL— ) =5 —DBE(C
BES,
* BRI BEBICEDABMEN DU T T TTEILS 0,

<HER >

CHO #lifa% ATP TRIB L /= & EDEABE
ATP #&2FE : 31 nmol/L
%) Calcium Kit I-Fluo 4
f) Calcium Kit I -iCellux
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