FifE) ) ETERE

Nano Medical Engineering Laboratory

EEMIER DR (T2 L)
ITO, Yoshihiro (Dr. Eng.)

F—BUTURX

1. 7/ 2ZWrs AT AORES

2. T IRIEL AT L DOKEEE

3. A RAEYT. ALy T TR TEIC K DRREME Y 7 O AR5
4

5

Ty ) u U — 0
. b NPSHIIED /3 bif SR 2 2k & O 5

F—U—F:

AN Lhigds T, ERMEL AR AR, BEETY, EWinEs A7 A F /7 Rmbtm,
DT NA A EREEEREME . AWIEES T ORKE - AL, A AV T ERBIEIEK, Bi5T
R, By, orerY— ~A7uar7 A - ANAFF S VT NF T ad— mhTFE
T MRTE, FUoRNETY, Bea T LT, 2B NI T e M F =T Y T RN
L. GEwT

e

YTEETIE, EFRFEEEM THNFEZME ST I A LDV | OFikimOMESL & |
ZHUC L DREREMEM B OB Z Afe L T\ 5, Hikime LT, a7 MU T - 7 I A MY — 1L
ST maF L. ARAERILT. BRRAFE. S 7Yy MBI T%, 8iav - 7 7R
AR LY, 7/ 77 ) a o= EOFELEME L TH LWAEL, HiEfmz A L, £ OMkieZ il
THLEL BT, BAERR, BT 2k, BaFER, T/ AT vy S FTF T A F LT b
n=27 A NIEEFE, NLHUE, "M A~T U 7 A~OISHRERAZM-> T\ 5,

1. BWRIF/EIZE

(1) ~A47ua7LA - LA F v TORFE (FiE)

SRS MR A AW B BB 2 BEIRE L. B IC T LV X — DR R 0 72 8 ORI E R D BA% & FFEE
ml~A 7T LA « FoTINTEDHEMENES TE O THMRF ¥ —25% 3 LT,

(2) ARyrratis (BE - A - 2H)
IR~ = — 2 NI E DA NVAEWNT D5 NI, BN THE S —T y b aT &
LT, ENBICHEET 5T F R e —7 2 b+ TP FIEIC TR L,

(3) M A t—F7 LAICLDMIaA b L AFHEEDBE (R E)

AR DR E # > 7 BREORSEERIZIT T, A2 77 LA FRELERE, 7 42— MRS
BREAE DR, M FRITFIEIC L 27 —Z WHEORRE ZIT> T D, SFEIET VAERAAR v 7
A VT DIFENEROT VAERESE AR v 7 0 TEEHOYUR 217> TAR v MERBOLE
bzidinsd L L b, 2oV EERT — X OHERBIZ SOV TG L7,

(4) TANAEGPEO UL ORISR (i - )

RN 7 A VA BLY) G K0 @ v T U A BT D EIEE BLY SR EEMEAVIR T Tax &
PEL AR — 2 — 2B L, ZIVE TARATRETH o 7= BLV BG4 D Ht DY E D ARV IZ R THIo
THEh L7,

2. \BRHAS / ETE

(1) a7—r A MENEMRER T OB GBI - OHF)

MAENEMEKER T (VEGF) ORI T X LRV TTF K« T4 77 —%mL., #bot
TEHOFETa T UATEVEGFA2HIL L, 7—F — A A FORAMERERNFOFHREZ ML L.
P L7 VEGF R DA FEZEE T VO EIREEE T VTR Z L2 60T L,

WFFEAFHR



(2) AWEEEEHC L 5, ERTEE RO (B

L—)VH OIK AR 2 B U R IR 1 % [ A S g 7 A CREE(L T A BT O iR
MEIToT, A—VHOKFEE X R0 EE Y L2, L-DOPAZ G e E~T7F F(X=L-DOPA;
XKXKX) & #%at L7z, EKRTZ 378 (f A ) URRER -1 (IGF-1) 1 X OB KA 12
(BMP-2)) OCEIGIZ G FFLAH 2 HATIC & 0 8EFMET T ROFIBMATH 5, YKYKY 238 A,
FEL R, ZhE, BEISICE - TYSIXICEHB L, EENRERTFZ v 0 a5, Z0
T X RE~DOWENEETARTE A, BERIE i LT, 2~ 5 [FRERAEMENRM L L7, 62, #
AMIGF-1%2 REIZEEN LT ¥ UMEHE, BEE L7aWGE & ik LT, Milatgsia s 2 RN S
B, S5, BEEMEBMP-2%2 T4 U RGICEE L T T AICB LIz 2 A, BEMEFHE LT ¥
OAEFEMERE ELEZ (K1),

B~ D = HARE
| IGF-1, BMP-273:& .
. HERE
| BEET [ YKY-KY <

N

XL D0opA EEEMLTFS RS

%}-{%

K1 BEEMRERFZ R BEOFZ o FRE~DE T, KIFE TIGF-YKYKYE X OBMP-2-YKYKY % 3§ 51
L. K%, Foh—PIc kL ABEERIGIC X 0 IGF-1-XKXKXI L OBMP-2-XKXKX ZFRHL L 7=, Bbhi-
BEEMRER T2 VR0 1L, F2 o F£E BICEE R RS - E FWE L, BT &2 0%, fifaigsE
PEHEL. BRoAEHEMESE L,

(3) KIZv 7 «FUNY— - X7 LOFE (M)

BUKHESEA XY V7 L L TAZUTF FEx U TIZER LTW5S, v— MREAKREFIREARIC
ERHEEHZLICEVEOBAREZEIMATZMN D 7N E 51, DDSFx U7 & Lo 21T
S>TWDS (X2), FEEALIINEIREE & B O i iz L > TR S OFHEINARETH D | xRS
D T ENOPFEIZKII L, Kb L7, o, O Fet2 LRTHZETEEZM EESELZ LT
Th Lz,

S5, ER D T NOESHOMIEEBRMG Lz, B TF A AT F RORSIZE D . INEWRTIC
s C TR MNMEESILD Z EBH LN E o7 (K2),

Assembly of Assembly of
polypeptide a polypeptide b

X 2 MERATTF NH 7N EIREIC LD F DS OBERSX

(4) AEMEZENURESENT VAR TFF o Ms R B0 (FKoo)

IS ENET R ICREM 2 AT om0 28N LT IRERIC L DT/ ki OB M 25
fifi L7ze ZOMRBEISEM: X BV OIREISEMA L, IBE LRI K0 BUKEICE T 508, AEMEH
LT AL FOFANTEY T RA B O EAER 2 S v, S EMEDRHERFTE 2 Z & B NI

SRR 29 4EEE [ FY 2017



ST, Flo, BEBILICE DT R OREEIbIC L v ki — 2 BT 52 & b aRE L 7
. IHEFH LU GREZIZE Y hFA M2 ™7 & OMBEER DI 2 FBR LT,

(5) U7 F B3 OKRK, 4Ti5. [H)

F I RFEENSRTF R F NI BLVOT a0 A NV ABEORBIIRH Lz, BT 7F D
PR Z mm D D 1= 012, 7 A )LV AKERL T (VLP) 12 H L., BLV-Gag 38 X O Env 254 L 7= 1#l BLV-VLP
DOERUCERII L, T OREFEMEEZ~ T AB X O THER LT, H&EIICEA R I T e
U A VA& ERHENIR AR O T,

3. BRAEYMEFIEIC L A FORIRIFE

(1) B LWBEREIES 7T R 7 7%~ —OBRFIZ T 727 F FEINEOL R (%, £H)
FERRT X VBAEEA LTINS F RT FEv—2 B L EYTHFEE LT, =2vAPa T
G - FIIRB L O~ A 7 B E—XT 0 AT LA EE oo FIEOKRF 21T 72,

4. FIT7 ) uO—DIBHE

(1) A T0NT A ATBT % B CHBROB PSSR D)

2 WILIER L TE S T IS BT DIRREEB I O (EHGRE) Blgiad VT, XKEKERRMNEBLAIRET
DL EEHIEY I 2 b— 3 U CHERE LT, BRx R RREMEO R ATV, EESRMZERIIC T
LEMET— R~y B 7 %7 o7 (K4), EBCE A2 ER URBIEREEORIEER TR -7,
F 7RI A2 RIS L IR, BEAEE OISO A K12 X » TAEM O RS HIE 2 587,
R T A L &AN—AMFEETIE a0 =— RO BN, ZRGTTAMEER TIEh A X2k b ae
=—REOMEERN R OND Z EE LM L.,

0.19 pgrrprrerprerepreny
018 F Wall
— 017 erosion *
5 Reduct{En e
s magle & 2 .° & o T-corner
= 015 F e _."l-' =i spontaneous
-* 014 E ..'...-f. 1 turn on
B : " Extension i
' L mode
0.12 2
0.20 0.22 0.24 0.26
2 ‘
Ipath [Wiem] .‘ 5 .

X4 FHIREREBMES I = b—3 3 2K 0 ROTZBURFE 2R e R E & 1 DR RENEE —
R~ B0 7, BRI BRI S0 oD FRAT YRR B it A% ] O BEE 25 D FRATYE58E, F (X O0On gl
ITEIEE VR DHORT 2 H5RE — N, RIIHEE— F, HITTFRARZE S CIEBRCOnf kA 721 ) 0
\Z0nlZ72 % B ¥ turn-onE— R, JKEIIEER /> HOnIl /e DR BT — F, FI2E D IEH KRR T —
RTHY, BIFITRBEERICTIIMFEHTCERVWEMEE— N TH D,

(2) 79—V o F R FaERWEEER D —R T ) Fa—TokP o8 (Li, He, JHE, JIIA)
77 —1v (PCaBM) Mb75F JRiANI—RoF ) Fa—T0OKPGEAE L THETSZ &
L Uiz, KEF~OSEME, PCaBM F iR —HRF ) Fa—7OMEIZHET D Z
ETHERT D Enbhrolz, HoNTKGBIEREZ A, 7 LX 7 AEMR~D PCaBM 7/ ki1
— =R T ) F 2a—TEEEEORREIC KL L, ZOBEEERENRELEREELHT 52 L Z2HOMNIC
L7z, £72, PCaBM 7/ Hi7-SWCNT #HEEER~KEMERY F47 = (WSPT) £z % &,
SWCNT EIZ pn #AZBRMNER LT, ozt a R Yy hOx v A Mz ERLEEIR
Bt alBE Lzl 25, SEAMEL RTZENbroT,



Aqueous solution

PCg,BM Water-soluble
nanoparticles polythiophene (WSPT)
(n-type semiconductor) (p-type semiconductor)
H,0 " H,0 "

Raw SWCNTs Aqueous dispersed solution WSPT:PC,,BM:SWCNTs
TEM image ternary composite
M N

© 2400 hm
Bundles of SWCNTs Direct assembly of
PC;,BM nanoparticles and SWCNTs on SWCNTs

(3) FEFHEBAELOS 2 R EEMR Y ~—OB% (He, Salikolimi, fHEE, JIIA)

TSI BB JE 238N L 728K « BKMEZ R TEEMER Y ~—%2 8k Lz, BohizR Y ~—I3LH
EILIZRIETH Y, FERA~ORIENAIREThH o7, HFOHNT T 4 NV LEINET D & RIS YA R A~
b U7z, BAEEGHT, RARILART SV OFERI D, RELIZEAR S CRIHOBBBER IS 2 £ C, &
EVEDNEA LTTedThH D Z RN olz, FT-AR LR ~v—0, =& ) —VRTIH—HRF /T
2—T7 DAL U THBIET 2 2 L 2L Lz, BiAE FHEMEBROE, R ~—»2»)F/F
2 —T7RKEEL, DBIEEFLET DL Enbrolz,

(4) PABRBUGIZ X2 2B EHELEW DRz E K (Hassan, Salikolimi, i, JIIA)
1,1-bi-2-naphthol O—BREMBRFUGIZ K - T, ZRAEHEIEY Th 5 7H-dibenzolc glcarbazole
(DBC) % B 99% CTHMKT D FIEEFRE Lic, ATIEEAWD &, @OHEHE (96%) &
T T DA — VAN THLZ 2 RWE Lz, A7 b7 hr=27 2Pk E L CO RN 2 I
5720, DBC @ N A&7 VXL, £72037 Vb Lisfbema Ak Lz, 2 b 0fbaew
%, EBENEEVEEMS & BV EOEE IR, PEARRREE R T2 R bh ol £, KRR OfS
&, DBC #FHEMEIITENLT 7 A, HOWIHEMEZ TR TZ 00, Thb 00 THERIE, EET
A ZARHEE T S ASDIGHIZHE L TW D, KERIEETENT 224 T, A7 =7 hrn=7 2D
KRk % 72078 C, B LW SERAPEL OB N HIFF C& 5,

(5) JISBEMET a7 RY ~v—Dhn1AA v T 728 (Hassan, FiE, JIIA)

T ENL, BT T TR OB E ST ha TR v —E2 A L, KEREN Y AL TF D
ISAZERE LT, oo R ) ~—IL, TEAL T 7 AMEZRL, WAL ENREZ AT 52 ERbhoT,
Tz, ZTOTELNT 7 AMERAT S Z LT, EERRORWE 72T oV AOERNZKRTI LTz, 7
LD KT v A=V AFEBRMACINIZ K - T, O CAGEENCAE ) wrE 2 fbzFHE Lz, 2o
72y FISEZRHAL, 7 4V ARICBT D FEEDONRA AL v TF o T aEMK LTI, £72, 7 ha~
RV 2 —DERMACRISIC K> TOLTHEARE LRI TE L 2 L2 LMNT LTz, EHITT 4L LAD
WREHRHICE - T, N ~—O@IRAPEEENAE L, BN FRME L EZ5 SR 32 Enbho
72

5. t MPSHIRRDSMLEEEEEE DS

(1) & MPSHIfRO /MR B ZEE OMFIERRSE (AR, FRH)

EVTA SRR T2 (KK & o JEFRFZE T, 200~500 mLO b FEiEEERE 2 W T, 3DFETOHE
NMPSHIFE DIMEZE R ~D 3 biFE S (B, HEEEHE R E) ORE{bEiT> T\ 5, bikEEZIc
2DEEERICBATT S &, MREEMEDNBIE I, ROMEOIIE L 72 585 T ORIHERB A iz,

Key Sentences:

1. Development of Nano Diagnostic Systems

2. Development of Nano Therapeutic Systems

3. Creation of Functional Molecules by Synthetic Biology and Molecular Evolutionary Engineering
4. Fundamental Investigation on Nanotechnology

5. Development of bioreactor for differentiation of human iPS cells.
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Outline

In this laboratory the aim is to create new functional materials by a new method which will be
developed by combination of chemical and biotechnological methodology. We use combinatorial
chemistry, molecular engineering, polymer engineering, hybrid materials engineering, gene and
protein engineering, micro-fabrication technology, and nanotechnology to synthesize new materials
and the systems for development of regenerative medicine, artificial organs, drug delivery systems,
nano-medicine, biochips, bioelectronics, artificial enzymes, and artificial antibodies.

1. Medical Engineering for Diagnosis

(1) Development of microarray biochip (Ito)
A new diagnostic system using micro-array biochip was developed using photo-immobilizable
polymers. By the development, a new RIKEN Venture company was established.

(2) Biomolecule sensing (Uzawa, Ueki, Tada)
We selected peptide aptamers using in vitro selection technique. Those peptide aptamers were
targeted to biomolecules including disease marker proteins and functional biomolecules.

(3) Development of a lysate array method for the evaluation of cellular stress (Morishima)

We develop a method of precise measurement of cellular proteins for analysis and evaluation of
cellular stress. Our R & D activities include developing a multipin type stamp arrayer, optimizing
conditions for cell lysate preparation, and analyzing data with statistical methods. We ground the
tips of the spot pins, and modified the array cassette holder to achieve uniform contact between the
pins and the array base material. For protein data analysis, we adopted several methods to
automatically detect and remove outlier data.

(4) Development of assay for visualizing viral infectivity (Sato, Aida)

We established a new reporter cell line which expresses the enhanced green fluorescent protein (EGFP)
response to bovine leukemia virus (BLV) Tax expression specifically and forms fluorescing syncytia when
infected with BLV, and succeeded to visualize the infectivity of milk from BLV-infected cow.

2. Therapy by nano medical engineering

(1) Preparation of collagen-binding vascular endothelial growth factor (Uzawa, Ito)

A new molecular evolution strategy, "all-in-one" in vitro selection, in which a collagen-binding
VEGF (CB-VEGF) was developed for direct identification from a random library consisting of
random and VEGF sequences. The selected CB-VEGF enhanced angiogenesis at skin wounds and
infarcted myocardium.

(2) Biomimetic-inspired adhesion of growth factor proteins (Miyatake)

We investigated the fixation method of growth factor on the medical materials without cytotoxicity,
which is inspired by the blue-mussel adhesion in water. In the wettable glue of blue-mussel, the
adhesive peptides rich in L-DOPA(X) and lysine(K) are directly involved in the adhesion process.
We, therefore, introduced an artificial adhesive peptide sequence (XKXKX) into the IGF-1 and
BMP-2 at the C-terminal by the genetic recombinant technology. The prepared growth factor
proteins were further treated with an enzyme to converting to the adhesive forms. The adhesive
proteins successfully bound on the titanium surface in 2-5 times larger amount comparing to the
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wild-type. The adhesive IGF-1 promoted the cell growth ratio about two times higher. In addition,
Ti-plates immobilized with the adhesive BMP-2 was implanted into bones of mice, with increasing
bone-formation. These results show that the adhesive growth factor proteins promote cell growth in
vivo without any toxicity (Fig. X).

Long-term cellular stimulation

| IGF-1, BMP-2 etc. o
5 3 Cell
| 6F [ YKY-KY | N <

Immobilization (

Tyrosinase [ _
y G KXKX

= —
o= 0 N
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i ,* Implantation
E Engraftment 3

Figure X Immobilization of adhesive growth factors on titanium surface. After the expression of
the proteins with YKYKY sequence at the C-terminal by E. coli, it was further activated the
treatment of tyrosinase. The GF-XKXKX proteins obtained were found to be tightly bound on the
titanium surface keeping the bioactivity for cell growth and promotion of bone-formation.

(3) Drug delivery system (Ueda)

The torpedo-shaped peptide capsule is a promising tool for a nanocarrier of hydrophilic and
hydrophobic drugs in a drug delivery system. This torpedo-shaped nanocapsule was composed of a
tubular assemblies whose open mouth were capped by sheet-shaped assemblies (Figure 2). This
length of tubular assembly was controlled by optimization of heat treatment condition. With using
various length nanotube as a unit of nanocapsule, we could obtained various length of torpedo
peptide nanocapsule. Furthermore, a yield of nanocapsule was drastically improved by optimizing a
design of amphiphilic polypeptide.

Newly, it was found that torpedo-shaped nanocapsule has an ability of fission. By mixing cationic
peptide into this membrane of nanocapsule, the membrane fission was induced (Figure 2).
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Figure 2 Schematic illustration of torpedo-shaped peptide capsule and its fission.

(4) Separation of cationic proteins using anionic thermoresponsive polymeric micelles (Akimoto)
Anionic polymer segment was introduced into thermoresponsive polymeric micelles to increase the
dispersion ability of nanoparticles above the phase transition temperature of thermoresponsive
polymer. By introducing anionic segment into thermoresponsive corona, anionic thermoresponsive
polymer showed high dispersibility even after the hydrophobization of thermoresponsive polymers
above the phase transition temperature. In addition, the micelles changed zeta potential of the
particles in response to temperature change, and interaction with cationic protein can be controlled
utilizing thermoresponsive physicochemical property change of nanoparticles

(5) Development of a bovine leukemia virus (BLV) vaccine (Otsuki, Takeshima, Aida)
We have shown previously that carbonate apatite fixed BLV peptide vaccine suppress BLV disease
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progression in susceptibility cattle. To resolve low effect by the short-chain peptide vaccine, we
produced BLV-virus like particle (VLP) containing Gag and SU subunit of Env (Gag-SU) in insect
cells, as a novel vaccine candidate, and demonstrated its antigenicity in mice and cattle. Finally,
BLV-VLP vaccine succeeded in reducing proviral load and BLV disease progression in susceptible
cattle.

3. Creation of functional molecules by synthetic biology

Development of a novel in vitro selection system for creation of functional peptides (Uzawa, Tada)
We explored another selection method which is based on the aptamers’ function. To the end, we
investigated transcription and translation in emulsions and microbead display method.

4. Fundamental investigation on soft nanotechnology

(1) Self-organization phenomena in organic molecular films and optical devices (Isoshima, Ito)
Two-dimensional optical bistable devices were investigated in terms of propagation of
state-transition area ( “wavefront” ), and conditions of various operational modes for maze
exploration utilizing wavefront propagation has been investigated (Fig.4). A device was fabricated
to demonstrate maze exploration experimentally.

Agar medium with micro-patterned surface has been fabricated, and cultivation control of microbes
by the surface structure was examined. Line&space patterns induced anisotropic colony shape and
2-dimensional check patterns were found to suppress growth of colony.
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Figure 4 Operational mode map of maze exploration in a two-dimensional thermo-optical bistable
device obtained by numerical simulation. x axis is the light intensity at the maze paths, and y axis
that at the wall area of the maze. Blue area stands for reduction mode where the On-state area
retreats from dead-end paths, red area for extension mode, yellow area for T-corner spontaneous
turn-on mode, and grey area for wall erosion mode where the wall area of the maze also turns on.
The former two modes are used for maze exploration, while the latter two are not suitable for it..

(2) Aqueous dispersion of single-wall carbon nanotubes using fullerene nanoparticles (Li, He, Ito,
Kawamoto)

We found that the fullerene (PCs1BM) nanoparticle acts as a dispersant of single-walled carbon
nanotubes (SWCNTs) in water. Aqueous dispersion properties were induced by adsorption of the
PCe1BM nanoparticles with the sidewall of SWCNTSs. The PCes1BM nanoparticle-SWCNT composite
film on a flexible substrate was obtained using the dispersed solution and showed thermoelectric
behavior. Furthermore, p/n heterojunctions on SWCNTs was obtained in water when the
water-soluble polythiophene (WSPT) was added to the binary composites of PCs1BM nanoparticles
and SWCNTs. The drop-casting film of the ternary composites exhibited photoelectric conversion
behavior using a solar simulator.
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(3) Development of conducting polymers showing thermal cleavage reactions in the solid state (He,
Salikolimi, Ito, Kawamoto)

Synthesis of hydrophilic and hydrophobic conducting polymers containing thermal cleavage
segments was investigated. The polymers exhibited good solubility in common solvents and
film-formation properties on substrates. When the polymer films were heated, the resultant film
was insoluble in any solvents. From the results of thermogravimetric analysis and infrared
spectroscopy, origin of change in the solubility was due to removal of the terminal groups by the
thermal cleavage reaction in the solid state. The obtained polymer showed a dispersant of SWCNTs
in ethanol. The dispersion properties were observed by adsorption of the polymer at the surface of
SWCNTs using transmission electron microscope.

(4) Highly efficient synthesis of polycyclic aromatic compounds using the ring-closure reaction.
(Hassan, Salikolimi, Ito, Kawamoto)

The polycyclic aromatic compound, 7H-dibenzolc,glcarbazole (DBC), was obtained by one-step ring
closure of 1,1-bi-2-naphthol with a 99% conversion. This one-pot method, with an isolated yield of
96%, could be applicable for gram-scale synthesis. In order to evaluate their potential use as
optoelectronic materials, N-alkylated and MN-arylated DBCs were synthesized. These materials
showed good thermal stabilities, relatively high fluorescence quantum yields, and semiconducting
nature. Furthermore, crystallographic analyses exhibited amorphous or crystalline state,
indicating that the molecular functions of the DBC derivatives are suitable for thin-film devices and
single-crystalline devices. The facile synthesis of DBC enables the development of new
semiconductors for diverse applications in optoelectronics.

(5) Molecular switching behavior of light-driven atropisomeric polymers (Hassan, Ito, Kawamoto)
Atropisomeric polymers including conjugated structures of azo and binaphthyl units were
synthesized for light-driven molecular switches. The polymers showed amorphous properties with
good thermal stability. This amorphous nature gave rise to formation of uniform films without grain
boundaries. trans-cis Photoisomerization of the azo unit led to molecular twisting motion of the binaphthyl unit,
yielding chiroptical switching in the neat film. The atropisomeric polymers also displayed photoswitchable
fluorescence by trans-cis photoisomerization. Furthermore, irradiation of the neat film with linearly polarized
light caused selective excitation of the atropisomeric polymer, leading to anisotropic molecular orientation.

5. Development of bioreactor for differentiation of human iPS cells.

(1) Development of bioreactor with reciprocal mixing for differentiation of human iPS cells (Ueki,
Morita)

In collaboration research with Satake Chemical Equipment Mfg. Ltd, we are trying to optimize
the condition for differentiation of human iPS cells toward ectodermal (neural stem) cells in 200 ~
500 mL of bioreactor with reciprocal mixing. After induction of differentiation in the bioreactor,
spheres formed in the bioreactor were spread onto 2D dishes to observe the growth of neurite
filaments and the repression of pluripotency marker.
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