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Construction and characterization of liquid crystalline separation membranes
composed of filamentous viruses
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Membranes with selective separation capability are desirable for use in
energy-efficient processes. In this study, a filamentous virus-based membrane prepared by chemical
cross-linking at liquid/liquid interfaces for selective molecular separation was achieved. The virus

membrane composed of oriented virus assemblies showed a molecularly porous structure, enabling the
size-selective separation of small organic compounds. Furthermore, the pore structure was controlled
by the initial concentration of virus solution, enabling broad size selectivity. Membrane
preparation using virus modified with neodymium ions (Nd3+)-binding peptides was performed. The
membrane preferentially adsorbed Nd3+ over iron ions (Fe3+), demonstrating that the molecular
recognition capability of the peptide clearlg remained even after the chemical cross-linking
reaction. This broad-spectrum separation membrane has potential applicability in various fields.



B X C—19. F—19—1. Z—19 (GL5m)

1. WFERRMELFI O

2 T2 BRI I, T0REE, S OICEEE Vo Tmkx OB TRNTZEDOTE 2N
B o—2>TH D, 0ROV A RLBAT e U7 By BiE 23 F2hE S 40T & 7228, Ur4E T,
L D5y DI BRI A58 L TR - BRETE 5 X972, L0 EWAIMEEZ & iR Zn ik
DORFRENEE L 72> TS, HTH, SREERNE (O FBER, BUkMERE) 25201
DL EITE F D MIEMERE M - MAED X 5 RGO TG, TR EOEEH L<IX
T I A = I 72 E DOIRIF DIFAECHEITE 2R3, A~ —h—45F % HiT- 25y BT
(2 50 BIRAID DR ERAGICHIHE L CHRfE L, BCICRBINCl A2 2 L T U, fix 72
BB OB RN ER SN D W ESND, LLaRS, NS F~—h—5 1135k
JEEOIR U B O A NEE L, £ EOAEMBEOONH L, £ 4T 7 )
0V — ORI E S TS A~ — I —EBEHITORIBIZL D ZOHIFEAERLTWDHTD,
BT ORI U T, RO, d~—h =037 DR Z i L CEMCE DM 2 #5895
TEMNBEBLRSTWD, LNLRREL, BHDYOHEFRIICHIE T 5 2 L IXFS Tl
AN

— T, RIBEICERYET D IANAD—FETHLINNITIVF 77— (77 —) 1. Eict
TR L 0B x RBEREER T TF R (A WIEF V3V E) 2 ANTHICHINT 2 Z LN T K
ELTHHENTEREN, METEH~T YV TAEME LT T 77—V 2FHT DENER S
TV, ZO77—V%, BEESmm, £ 1um EERTHEVEELZ . B OMHERE
WS W THREEIER T 212 ERAIMICESLT 28 %2 b2, ZOBREICHKIEEATES 7
7 VUEkFEME L THBEEABRECEI L, BT THRERA L BERBEELICE SV TE
FDyTHECE A OMESAIR T A LB LND,

2. Lo HB

ARFFETIE, 7 7 —VERHERESR & L, A A~ ——7p EOKEEM D+ O NSy B i AT 6E
TR BEREE L O AR T A Z LN E T D, 77— VIIKBEETH D720, KM T DO
TEEEFREIZ T AT 0IZiX, FOEAEREZEEL L TETIFIAMFELTH2XLERDH D, I HIT,
BHD oy A DEFAR 2 3 BED T2 0121%, BB D7 7 — V004U VT IV OSRE A HERF L
TEFERE LTHEHEMLSNTND Z LR, MRS EHFEZ b2 L 2RI 22 E b EHE L
5, FDD, 7y —YhEUNCEEL L, BEIZESWTHREIND 7 7 — VIO S Hkr
MM RE 2 I3 5 FIEOMESL 2 Wt L7z,

3. WFgED ik

fer o) ML aE~30 RS E, 77— VUKERICERE L TG S BT, Bk ek
2l REHWEHRFHZ LD BUNCAR L TE 2 2 R L =Dlkoirs v ) Mea¥ s A
W, RUTF v 70t exTF L (PTFE) 7573 5 ZRIBIZ A5 B S ¥ 72 =005 ok
sl ReEGRIE, 2077y —VKEK~E~DY T 25Z & TPTFE # X FffEE LTT 7
—URREREE LT, B 727 7 — DIRESCRUG I CIEAAEZE L, £ Of 2 E A0 7 B eE
(SEM) ., JR7-RIDBEISSE (AFM) ., F7-mICBMEE (POM) #1221 L 0 EA M 258 L 7=,
MEEE LT IRICx L Chk 2 72 0 T ED X2 VR BB FaFbams 7a— L, FIERR LW
IEBIRERTE Lz, S5, XAV AIFEEGTDHXTF REEA LY 7 —Y 2V, 84
A & ORI 72 S BiERE & BEAm L 7=,

4. WFEERE

K& 5O 7 v ) MEAEMIZ 7 7 — U KIEK % Eg S8

TERER. WP S R I ARDOENERT D F RS h

(1), 77—YnRmcizz o) MeAMERIE LTS Z

EIURBE NI, T OHBOEITE A ORBHMK S CEE LT

IS5 Z L3 BRI SN Z EnbroTe, T

bbb, RAEGZNHTIZET, BHLE7 7 —Y0HES

W& 2 el - R CE D28 Nbn ., AFEICKLY 77

—UMNLIR B EEBETE D ENALNE o T, B IER ] OV R%F -
RN E L, FEREE LT =07 ) K (k ';Ef;éﬁgggi
YAV A7) R) WS Z L & Uiz, PTEE /2572 5 K FF

JEICAF Y AN S B n ) FEaER &Y, 207 7 — U0 LBk E~ D
VR TAFIEIZKY PTFE 2 XFEE LT 7 —VIEABET L Z LB L (K2 B,
BHRNDOEZ 27 7 — VR TE L5 0Nbhol-, a7 7 — VR CIRARESE L T
PEVFIZIZ SEM IZ K D BIER L5 R, —ERELU ETH LML D bBICESLEL TV D
SRR S (K 2, TE)., 77—V AREE L TRIEERIENIER STV D 2 &b
>72, POM IZ X D2BIEORER, LV ERESMET ClxlM e EaEImENglE s, BEICL -
THRmELIREER R D5 Z b boolz (K 3), ZOEOMESCESHEE LT 7 —VIREDH
TR vl RORESCKIGHFRICE > THHIEIT 2 Z LB TE | Hx iRtz o
7y —UEE BTEICHETEX 52 ERbh oz,



[Phage]:
0 nM (PTFE) 15 nM 150 nM 1500 nM

1 @m

© Yl ((PUIA=) 1 0 A LL500In VI

2 (LE) PTFE R EICRRARLI-DO7—CEDO MR, (TER) SEM £

3PTFE R LIZEARLI-D7—HED POM 12

R L7 7 — VOIS L 5B R 2 EBMNICEHMET 2720, Mg & > 7 E0—F&

ThHTUMBET VT I v (BSA, 4 F 85 66000) 2 71— L ZOHIERZFEN L7~ (X 4a),
ZTORER, 7y — VA RET AR L7 7 — VB EO EFICfE - T BSA OBHIESR 1Y
KLU, EAREEOR BB M E4 213 RN R 5 Z L nvbhotz, Brlc, 77
— % 1500 nM THWZHA 21T, 99%LL 1
® BSA D@ & HIET 2 2 LR TE B0k
Wiz 77 —VUNOETEX DT R
Too FTo, BEOWICT S OFRIE & 72 5 i
TR AHE L7oRER (K4b), 7 7 — VIR
D _EFIT S THERERITHDTHH DD,
1000 nM LA FTiE 10 L m2 h! FREE OfEIC %
L FLIEROm EEAREBERIZH 5 H D
D, SERIITHET 2 Z &3k, KedH b
FREE @i S 7203 5 LERET D 0B CH
LT EDRDboT,

X0 FEC B RE 2 R T B 72D 0T
2 280 FRIEDD 850 FRE F TOREA 1Ky
FALA Y ORISR A TN L7z, & ORER., 5
BT 07 7 — VRENEOVSEET
TR L 7=EEICE R L2 EE2 AWz 5me
W2, & 450 BREOS - F ToEimx
90% LA EFHIET 2 Z N TE (X 4c), M
TEIZT7 77—V BNEAL LT @m0 B
BEZbLOEEZ 9B TETWDLI ENnDb
oo, BIEWNZ 212, /08400 LD
DG IITIEERR O 1% 70%LL LR
LSz D%t L, A D5 1134 < PR
SNehotz, T, 77— OERBNEA
B THY | S HICHHEES OBRICIZIEER
EHLOT I EREFHLCT R A EE
L TCWA7mH, F0ORBITLVAICHET
L FEFE U CEEMAAERSOE B R
&Y Gl S D EMOEENKE S HY
LTWAHDEBELZLND, —FHT, 77—

DIRFEDMENSAE T TR U 7 R 2

7 — VOB ITIT A PLIE R L | . L
DT RDIE FICEE» T & ICILIEE AN E T 4 (a) 77—VIRISHT 5 BSA DHEILE (b)
L7 (M4d)., “hid. 77 —UngEices 7 VEOBEBARRK (c)sEICERLEZI7—
LLTWARNWE @O L 5o VERICHT S%RALGHFOMELE (d) #EER
P A RNHRAFE LTI RAE LTS & E X BI27—VRIZH T ARG FOMRALE



bhd, £, ZOGAICHIRERICEEMDO DT OH N LY EORIEREZ R LTS Z Enb,
FREM EAEASCH BN NI OWVWTWD Z ERNbhotz, kD Loz, 77—V
EAREE R L7220 b 0BEIR 25 2 & T UA L AOREE DN Uz B 2§ i
EREETXHZ LR LT,

ZZETEHT 7 —VOEAEIKGE LT TR OV TR L TE 723, K0 /hS725y
FOHIERSEE - BINAZ B L, BECFREL TWARXT LA Ay (LT T —ADO—FEIZHT-
D) IR T XTI TF RERBII R L7 7 — V2L, FRRICHEESICE DV EAHBEL
oo ZOBE, B ERDEIRT HBEAEE T H700, LVIKREED Y 77— % AW TIRAZHE
LT, HaRBETREY LA HD VISR TH L8 A 4 & @il S CTE ORI
LR L7oAER (K5), 24V LARERE (200 uM) ORI, ~TFF ROBFAZLD 14
CEAFTUNRT T RIZE S TR ST v T INDDIIR L., 84 4 OEEITITFED L
IIRFEENIIREI o Tz, Thbb, 77 —URBIEALTZRNTTF RREORA T LA~DOER
RIS A DN BRI FE L TV D b D LR SN, XAV LA A V)l TN 7
WA DG F 5 W RN T BECZ DB AR CX 5 Z LB LN E o T,

B 5 (a) 77—VRICHT 2R F D LAFUDEILER (b) T7—URITHT H8kAF 2 DREIER

PLED X 51, R 7 A VA TH D 7 7 — P OES RIS = | WU E el - Rk
THZE TR RIRARET 5 Z LN TE, EOICZ DN A EALICESOHTHI T,
SYBEBE L U CHERET D Z E R b oTz, BT, 77— VICEAN LTEEEETT NI EES
BICHDEREZHE L TR, A ACTHOHECE R VWE ) /N &R A XD TH->ThH, L
TF RO ESDWNTCEIRMICHBECX 2 2 L2 R U=, BB E, xR0+ 278
HRTF REBATE DD, BHOL BRI EEEAESE Y AT MZBER D H O L HiIFES
na,



5 4 0 0

Hata Yuuki Sawada Toshiki Serizawa Takeshi 6

Macromolecular crowding for materials-directed controlled self-assembly 2018

Journal of Materials Chemistry B 6344 6359
DOl

10.1039/c8th02201a

Toshiki Sawada 49

Filamentous virus-based soft materials based on controlled assembly through liquid crystalline 2017

formation

Polymer Journal 639 647
DOl

10.1038/pj .2017.35

Toshiki Sawada Takeshi Serizawa 91

Filamentous Viruses as Building Blocks for Hierarchical Self-Assembly toward Functional Soft 2018

Materials

Bulletin of the Chemical Society of Japan 455 466
DOl

10.1246/bcsj .20170428

Sawada Toshiki Inomata Haruhiko Serizawa Takeshi 595

Filamentous virus-based membrane prepared by chemical cross-linking at liquid/liquid interface 2020

for a tailored molecular separation system

Journal of Membrane Science

117595 117595

DOl
10.1016/j .memsci .2019.117595




43

2018

Colloid & Interface Communication

17 19

DOl

18 12

22

2018

Toshiki Sawada

Construction of Soft Materials Composed of Hierarchically Assembled Filamentous Viruses

1st International Conference on 4D Materials and Systems

2018

30

2018




28 MRS

2018

30

2019

29

2017

29

2017




2018

55

2018

27

MRS

2018

2017

2018




99

2019

68

2019

65

2019

92

2019




69

2020

30

2020

2020

2020




