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Cytoplasmic delivery of biomolecules by using freeze concentration
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We developed an innovative technology to deliver useful biomolecules into
cells by utilizing freeze concentration phenomenon in which substances are eliminated from ice
crystals upon freezing and unfrozen phases are concentrated. When the cells are frozen in the
presence of the cryoprotectant, the extracellular solution is first frozen and the residual water is

concentrated. By addin? a biomolecules to be delivered into a cell to a carrier with high
interaction with the cell membrane, the complex is concentrated near the cell membrane at the time
of freezing. After thawing, the concentrated carriers are taken into cells by endocytosis without
diffusing due to strong interaction, escape from the endosome, transfer to the cytoplasm and exert
its fungtion. By this method, efficient intracellular transport method such as protein and gene was
proposed.
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Polyampholyte-modified liposomes

Bright field FITC-lysozyme Rh-PE liposomes Merge

o

. Unfrozen

M4 ERERBOREICLS. MIRBEAEA~DS/HE
BEVYRY—LDER, LB FEk, TR ERSREE,
B AN SRS AR R SRR E B AR L - R O

EEARLND,

T O, BT DH LT, M H
Wy R A F— R THEURZEEZRY
AL Z LR LT, D%, = FY—A
HIZERDIAEN-HHEEMREREY R Y —
LN, T R —LBHE LTS Z &R
R En= (X 5),

W ERE Sy CEMLZY R Y — AT
I%. pH5.5 DEBREEF TR U ~—DEMNT T
2R BT, VR —ADEEIZ L D50 A
ZHMAHER SN TS, DFD, =2 R
A P—Y A THIFANIZER Y IAENT-%, UK
V—LADEEICL YV R Y — AEORE
FEALEE Lo A —T SRzt &2 b5,
INHORERI Y WEERE S THEY
RY—22HNBZET, Mila~Dx 7
BOEY AR B3R X7~ (Ahmed S, et
al., Nanoscale 2016), F7=. HiELRHEM'E

ELTVAFAANLKRFY LY G EMEE
R Ry 2 T 708, RS MG EE A3 i <
BT, MVIABBR <25 2 LIVR
X417~ (Ahmed S, et al., Langmuir 2018)

(A) U?njodifiedﬁposorr;es § B) Polyampholyte- modified

#- liposemes &

®5 2/ E% (A)RDBYAY—LB) AHERES
DFHE)RY—LITTNENBHL, EEERRE%IZRY
REE-BOIURY— LR HEETE, (B) cBLTEY
ROBETURY—LMEBIEL TV, TURY—
LASOE ARSI,
Q) HiERmEEZFAL-RERBEADRER
ERET /N —EDORK
DASIEREE LT, B~ 27 7
—VIIBADOHRER Y AEE, HUsiERE
179 2 & TTHIRAD D A~DEEIEMEZ &
DRENS D, —RIZITPIREZRVIAEES
Bl L2 hrRL—a v E%1TH 2
EMBNR, AENE, (2) THESL L7z, Wik
EBIREE S THEY) RY — LT APR
THHART AT I (OVA) 2 HFESE, <
a7y — (RAW MIfR) (CHOREERMTAIC X
0LV IASMEE 2T - T2, PURTRRAE 2 R
L72EZ A, Ry FY —2BH DR
Sh, HUFEGREENH E L2 LR S h
Tre FORE. A X2 —uA X7 EO%ETE
Ak A A v oEAELE ML &
Y | PURELY AL BT S BARE
PIEA~DORREME R & 72 (Ahmed S, et
al., Adv. Healthc. Mater. 2017)
@) EiEEmEEFMALEZEEFT ) /N =%
DR
RZIC, HRSIRMEE AR LB B AL
DWTHRE L, —MKHIICIE Y A L R
fFEALELELTHMONDAIRY = F L
A4 2 CED I, BERAEWwZ s T
Wb, Fexlx, PEI1 o7 3 ) E&5—FH LR
FOUNVIICER LT, B O b E A E
PEI 2/ L., Bl FOXxy U7 & LTHW
2o REZNINT T x T —VBInTEZMPIAA
ST AI REEAKREEA L, WEERE
B B RERIOTIMO b & BSEfREIC
LV HEK293 Ml h T v A7 = gL,
N7 2T —BEEEBRIE Lz, T OREE.
BRI A T 72 o T2 R~ 10 (R
DENNREED Z ENARETH 7=, TR
DXy (VARZ7xr %32 3000) & Hiz
BAES., BREEWOEELINZ D7 T
B DA E S 17z (Ahmed S, et al.,
ACS Biomater. Sci. Eng. 2017),
T2, &) R OMENEAZROM EIZ
DWNTHIHAR, EOHY AR A4 kL
FOREIICEVRERDAREERDD Z &
% ~9 (Ahmed S., Biomater. Sci. 2018) 7
. WAMEOEWTETED, MiatwE L




DO EAEFIZONWTOEBNZEDY — L &
LTHEHTHD,

AWFFEIL., BFEEME & WV O WELBL L itk
EIREmSFERARALEZT % U 70
BEDLEICEY, 2o EFIARY— &
BEFUNRY —DI7p 59, siRNA U Y
—72 Y, invitro TOMEN~OYEEY A
R OB HM L RV EL LD TH
b, Flz. MEOEY AL & OFEER
WFEE S & A T2 AP & B Mo & H B

FEL

ETDHLOTHY . FHLWME - FiEO

JREI~E ORPBDMETHD L2 D,

5.
(WFFEEAE . WHIEo 3 M ORI 724 12

EVAS E e '

ESN )

(sG] (B 7 1)
1.

Ahmed S, Okuma K, Matsumura K,
Comparative analysis of the cellular
entry of polystyrene and gold
nanoparticles using the freeze
concentration method. Biomater Sci,
HEA Y in press.

Ahmed S, Miyawaki O Matsumura K,
Enhanced Adsorption of a
Protein—Nanocarrier Complex onto
Cell Membranes through a High
Freeze Concentration by a
Polyampholyte Cryoprotectant.
Langmuir, & #H A Y 34, 2352-2362
(2018)

Ahmed S, Miyawaki O, Matsumura K,
Role of cryoprotectants in freeze
concentration technology for gene
delivery process. Cryoiol Cryotechnol.,
HHA Y 63, 147-154 (2017)

Ahmed S, Nakaji-Hirabayashi T,

Watanabe T, Hohsaka T, Matsumura K.

Freezing Assisted Gene Delivery
Combined with Polyampholyte
Nanocarriers. ACS Biomater. Sci. Eng.,
A Y 3, 1677-1689 (2017).

Ahmed S, Fujita S, Matsumura K., A

Freeze-Concentration and
Polyampholyte-Modified
Liposome-Based Antigen Delivery

System for Effective Immunotherapy.
Adv. Healthc. Mater. # 3 A vV 6,
1700207 (2017)

Ahmed S, Matsumura K. Novel
Concentration-Based Freezing Method
for Efficient Protein Delivery. Cryobiol.
Cryotechnol. % &t i ¥ 62, 143-147
(2016)

Ahmed S, Fujita S, Matsumura K.
Enhanced Protein Internalization and
Efficient Endosomal Escape Using
Polyampholyte-Modified Liposomes
and Freeze Concentration. Nanoscale,
AR Y 8, 15888-15901 (2016)

1

10. #4TF08]. Sana Ahmed,

(3R] GH124h)

Matsumura K, Rajan R, Ahmed S,
Polyampholytes as  biomaterials,
Japan-India Symposium on Materials
Science 2018, 2018/3/5, bkl
Bl RFBE R T (A1 RRESE 1)
Matsumura K, Ahmed S, i & EE
EAY TR Y R Y — N O T2 RS I
L DN ~OWEIEE, 5 27 [FIHAR
MRS 4R K%, 2018/12/6 ffii Bk &
i (R 1 R A I 1)

Ahmed S, Matsumura K, Progressive
freeze concentration based model
system for delivery of biomolecules. 55
39 M HARNA A ~T U T IVFES
2017/11/21 M3 & U —R—v (B
Matsumura K, Biomedical application
of polyampholytes, Smart Information,
Smart Knowledge, Smart materials
2017 Workshop, 2017/9/27(Bangkok,
Thailand)

Okuma K, Ahmed S, Matsumura K.
Intracellular delivery of  gold
nanoparticles using freeze
concentration. IUMRS-ICA, 2017/8/28
FERT: R AT AR )

Ahmed S, Matsumura K,
Enhancement of gene delivery using

effective  combination of freeze
concentration and  polyampholyte
nanoparticles. 12th  International

Conference on “Advanced Polymers via
macromolecular Engineering”,
2017/5/21 (Ghent, Belgium)
Okuma K, Ahmed S, Matsumura K,
Delivery of gold nanoparticles into
cells. JAIST Japan-India Symposium
on Materials Science 2017, 2017/3/7,
AbFRSeE B P EIN R F R ()11 RE
EShi)
Ahmed S, Matsumura K, Use of freeze
concentration and
polyampholyte-modified liposomes for
cancer immunotherapy. JAIST
Japan-India Symposium on Materials
Science 2017, 2017/3/7, ALk SLuiFL
R RY: ()R RESE )
FARFROIEA BRI 2 R L 7 i iR
BENnTT /X x VT8RN EEE
ROMBINT Y N — 2 4 [B]31 A5
WY VIR U LNBFEFT F— T b
2016/9/6, H T L F—2A (AJIIR4IR
1)
B e 22
Rz " 7EFT YN — 561 [
RAEY 72, 2016/6/26, HULEH KT
(B =R LA ER)

11. Ahmed S, Matsumura K, Exploring the



intracellular pathways of liposome
protein using polyampholyte modified
liposomes and freeze concentration
method, 10t World Biomaterials
Congress. 2016/5/18 (Montreal,
Canada)

12. Ahmed S, Matsumura K, Effective
gene delivery by using freeze
concentration method, 10t World
Biomaterials  Congress. 2016/5/18
(Montreal, Canada)

(MEF] G114

. Kazuaki Matsumura, Robin Rajan,
Sana Ahmed, Minkle Jain. Medical
Application of Polyampholytes. In
Biopolymers for Medical Applications.
Ed. Juan M. Ruso, CRC Press, pp
164-181. (2017)

1

(PEEIA PEHE]
OigiRdt Gt 1)

AR B R E N S T o BLE 5 1 K O
RIVTF LA IV OBEARY) ~—
FHAE AT, YT N ey B AR
MR« ENLREFE AR e iR 2 5l K
NN A e X SN

THEH ¢ BREF

F5  HFiFE 2016-221047
HEESEH B - 2016 £ 11 H 11 H

EWNA DR« [EN

6. WFFEkLAER (PR % I% H30. 3. 31 If i)
Members as of March 31, 2018

(1) WF7ef33  Principal Investigator
okt FnBH (MATSUMURA KAZUAKI)

Bl = R 2 S Y (TPNE A iy NE R Y a5
Wit geRl « w2

FgEE %5+ 00432328



