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Abstract

CESLVENFOERRICETIRRNBRRIEF, BVWRTTSATFYIRICEEED Iz, K
SRR EZERPICFEEESE, SDGSICHEETHARZAVEVEERBO (N1F ) UTIR—%
FELTWVS, ChET, ZBLERBRCSVTERERRIS (VVY IR ). BP9 FES
BERISFETIZDCEEZTRLTE L, ARETR. GERSOREOHBHEN. KEBEEXH
MHEROEEZBREL TVS, FHETELRBTEVRNSLE MRBROCHAIBRI BET
ERENS, HRBEECHENCE<EEA S, BIFEEGEBRIRANIMBEVFERRAOERD
HFEThd,

BNEGTEETAIRIVZ—ZEEGFEARE (VRTIIORNTIY ) £ BEHEREE. Huh-7
ﬁﬁ«%lbtoﬂ@«w%ﬁ%%xtmﬁhﬁﬁirﬁbﬂ\?ﬁ¢fﬁﬁ%ﬁ%éﬂét@
RICKDHERT D, 307U LZHEREBEZHIGITZLOHICE. EHMNIC KD ORMETSBEN
HBd, TLTREFEERENXTZTHEL, FHRBOREZAFHAL I, KERFMLTRE
ZEEEE, ARBERTZICEICHIILE, FEEKRETKZERBFE LS LT, FEMTKD
AMETS CECERM LI, 7O A MX RN —PHEABEREHAZOER., FHRENIT
Mo T715—EEFTELS, BREEXZNVEILSVTEMRIKEBLEFEATEDRENTR
Ehic, BERZAVTEABRRZANLEZS, AIRFZ STMAERI RYSA =R
FREEESH, Y20/ YA N—2ANTELTVWAZENBSHICBE 2, COBRE., &
TRECELIDEBELEFEANROREN VRN BZECEFRRICFELTVR L ZEKT D,
TSI, FHEREATIRE A FIR—NETE2TE, HIREFERIMBETLAVZENHSH
IC&27. ChSORERE., HOEEMRECMA, FEARTERAKOMRNIBHETES,
Reaction vessels used in chemical and biological experiments have recently been replaced by
disposable plastics. We are developing a non-contact (bio)reactor that complies with the SDGs,
where a levitated droplet of reaction solutions in air is used as the reactor. We previously showed
that click reaction (organic synthesis), polymer polymerization, and enzymatic reactions were
proceed in the levitated droplets. In this study, we intended for elucidation of the mechanism of
accelerated reactions and culture E. coli and animal cells. Since there are efficient diffusion,
convection, and gas exchange in levitated droplets, it is expected that these conditions are
available for effective cell culture, especially with floating cells with low transformation efficiency.

A target gene-containing vector was mixed with a gene delivery reagent (lipofectamine) to form a
complex and the complex was introduced into Huh-7 cells. A transfection procedure requires
several hours, but water of droplet evaporates gradually during levitation in air. In order to maintain
the volume of droplet more than 30 minutes, water must be added periodically to the levitated
droplet. The levitated droplets were monitored using a high-sensitivity camera to measure its
volume of the droplets. Water was repeatedly added to the droplet, which provides a levitation for 4
hours long. The addition of water to the levitated droplet was also performed with flying droplet,
which is generated by air pressure. Flow cytometric and fluorescence microscopic analyses
showed that efficient gene transfer in the levitated droplet was performed not only in the case of
luciferase but also green fluorescent protein. The treatment of endocytosis inhibitors revealed that
caveolae/raft-mediated endocytosis was inhibited, whereas macropinocytosis was enhanced. This
result suggest that the enhancement of efficiency of gene transfer in the levitated droplet
contributes to the effective gene expression. Furthermore, cell viability was found to maintain after
incubation for 4 hours in the levitated droplet. We think that similar effects are expected to be
effective to floating cells as well as adherent cells like as Huh-7 cell.
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1. BIREARREEOBE

EEBIVEMFEORRICETIRGERILEE, FOMETTSRAFYIRICEE RO 1=, RIGEBREZERRICFHESE. SDGs
[SEETHRRZEAVGVIERME D (NI T I5—EREL TS, CNET FELEBRBERICEVWTERERRIE (V)v)
RIS) . @R FES. BRRISAEITTHLERLTE ARE T, ERRCOREDHIBERNT. KBEECHYHROEEE
BELTWS, FSSERRETEEMLGHE- FRELVH AR AFTELH A0, MIBERICHRICBEEZ SN, K

S EEMMENMELFEME~NDBERANAFEIND,

BHEGEFERETOINII—GEEBEFEBARE(VRIVIFIV) LB ERTREE  Huh-7T IlB~NBALT:, fila~DEEFE
AIZEHEHEBETHAIN, ERP TRELFIESEDERRITKIMNEFKT 5, 30 S ULFIHKEBEHRETH-0OICE. T
KD DFMETIDENHD, ECTHRAEERENASTHREL. FHERBEOREZBHEHAL, KERMLTREZEIES
T ARBERTAIEICHYIL -, FERETKERBISEDHIET, FFEMTKDORMEITICEICELRIN LTI, TO—H A bAR)
—POHAEMBEREORER ., FHERERNHTILL 75— EET T REBERLIV/AVEICEVWTLHERLGERFEATESS
ENRENT=, BEFZAVTEARRERNLCH AR F-FTMNER IR A= A BEESH, ¥V/AE/H (=2 R
PATRELTWAIENSHALM o=, COFRERIF. FESE LI LB EFEANEDORNENDENLTERFRERICESLTY
BTLEEERT B, SolT, FHEENT 4 BfEA 2 Fa~"—bETH-TH MIRREFERMET LRV ENBALN G2z, ThibD
HBRIE thOEEMBICIA . FEMRTLREZOMRABFTES,

2. HREBEREROBE FER)

Reaction vessels used in chemical and biological experiments have recently been replaced by disposable plastics. We are developing a
non—contact (bio)reactor that complies with the SDGs, where a levitated droplet of reaction solutions in air is used as the reactor. We
previously showed that click reaction (organic synthesis), polymer polymerization, and enzymatic reactions were proceed in the
levitated droplets. In this study, we intended for elucidation of the mechanism of accelerated reactions and culture E. coli and animal
cells. Since there are efficient diffusion, convection, and gas exchange in levitated droplets, it is expected that these conditions are
available for effective cell culture, especially with floating cells with low transformation efficiency.

A target gene—containing vector was mixed with a gene delivery reagent (lipofectamine) to form a complex and the complex was
introduced into Huh—7 cells. A transfection procedure requires several hours, but water of droplet evaporates gradually during
levitation in air. In order to maintain the volume of droplet more than 30 minutes, water must be added periodically to the levitated
droplet. The levitated droplets were monitored using a high—sensitivity camera to measure its volume of the droplets. Water was
repeatedly added to the droplet, which provides a levitation for 4 hours long. The addition of water to the levitated droplet was also
performed with flying droplet, which is generated by air pressure. Flow cytometric and fluorescence microscopic analyses showed that
efficient gene transfer in the levitated droplet was performed not only in the case of luciferase but also green fluorescent protein. The
treatment of endocytosis inhibitors revealed that caveolae/raft—-mediated endocytosis was inhibited, whereas macropinocytosis was
enhanced. This result suggest that the enhancement of efficiency of gene transfer in the levitated droplet contributes to the effective
gene expression. Furthermore, cell viability was found to maintain after incubation for 4 hours in the levitated droplet. We think that
similar effects are expected to be effective to floating cells as well as adherent cells like as Huh-7 cell.
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