MR K VRS NS RAENA AT IVD
M X BRVERLEL IC K 5 9 FECRYFIERRIA

B SESEL, ERNAbE, RGN, AR, bk =T

B A REEE TN T376-8515 FEEE IR A i KMy 1-5-1

el K KFBEdevn A B gEbe T060-0810 drigdALigiidbx k10416 8 T H
SEEBERFEY VA R X —  T464-8603 BAIRA &R T TRKOREH]
SRR E RSB ERE T2 F9e R T560-8531 KB & rh i £E3E LT 1-3

FRIRKR BB

ZHELEY® DNA BEQERESATFOKBIRE pHEL®A AL RMCL > THIULT D 03B D. mAFAEREY
IEEFETI2ME (FILLED) OFREEMEED L, REARICLDIEBICH > THILENEITT S, CD L
DRIBICKI YFREND T ILE, AFHOEAMLICESFESINCRBDEND ENBETN T\ o, F0AF,
ZHEBO—BTHDN— R 2AVTHERICEZ VY LERARTZ L, BONCSILEEFECMA THANER S
BEEEHOENRBENI, ATRTHE, CON—FF7ORAMEREES ILICOWT, B X R/ NAEHEE
(C& Y ZBHONFERADFERITZET > ICHREBNT 5o

1. BUHIC

YV —Ravxy, V7 raAVEI IV URLRE, &
R OK) #RIEEE L CHEICER « T 552 VEE
DT &7 ONA Fas)lL (hydrogel)) &3, 7L
&S TOMEBSEHRETREL/ZLDOTHY, HRBP O
REDFHERBLIZD, LERET/ Y~ —2BRPTHE
HIHIDTHIETHLND, N F 7 )LO—Hk1f#E
FEL T, WHLEDTH AT 1-3 2R hi
Vo FIIVOFRBOBITET, BERFREICI OS2
WG L 725 XD ICRET HDT, MEME (net-
work structure) OFBIIERF DOV bH & A TR
MR CRtA SN, BRI —RICTIUEDETT 5, &
RELT WEMELD LTS KRKEL AT —IV TR
W7 FEFTNTH—Th 5 (2L, —ieiRiE T
BoNH7rIVOMBBEEGRILE S DEENRE—TH
52),

CHICH LT, ZIALHRERI e A —)U T—RRICHEST
LixWEabbb, Moy FriEEs 4507 2IUEFED
1 DI AEALIE (insolubilization reaction) # & W2 &
OB, HRSRLEEIEVWSETH LN TWS, R
PALRUSE T, 4U8Hl4 admm (BB FICEs T
KIER [ F452 &T, FIVEEE A FOpZERT (I
V) ElR T VKT (U—X) BT 52 LN TE S,
JRIGl - LT, TOvF v (alginate) O V717 vv
(WbWAEATA 7 F) IOWTEZTAL, TIVFEVEE
B 14-p-~v 20 vVEEs Ld-o 7V VEBERES L /-

BEIREHE T, ZOF U ABEOKERKIT Ca2t H1E
FTrILT b, NEAKIGE T, Ca2t &R
(BEG) FICTIVFE VBT P T LAKBREM 45
(Fig. 1a), ¥ & BEENG OBEMAEIC T IVF VB ALY ™
LDTIVIEBER L, £ Ca2+ OJLHICHE > Tk
BRI —HRICHEIT 5 C & TRIEARE L, KN4k
BIZE s TV ATRIVELZTZFIVE =B I N5
(Fig. 1b), CO LD m—HRAar kit W TAERT 57
VRV IVIZEIRYT (birefringence) w7 R34 BIjiEA Il
(anisotropic gel) TH 5 C & eI 1 T\/245 (Fig. 1),
KIS, I, kE7xE, EENOT VTR ST 2Bl
LICER RSN THLZEDBL R\, TDXD7H/A
FFIVOENL, i« k5w 5@ T (Eidyr
JVLBREYR T (gel-inducing factor)) & #fifi « It
IVEBRENAF (£7-i3&50 1) L oEMAmE» O, WEIK
Wt TrIEDPHEITT 5 EE 2 DN TW5h, Flzid,
FEHIRIARIE (o / 3 —27 5 AEER) ORKNEZLD
S50 (7479 v7v) OFRIE, MEEmORIMER
T CIEE L S N7 MR E Y ES & kb o X v /R ]B
L ORI P O OIEIC X AL EBET ST BT
&b W T, RICBANIARBALRINED & 5 7 IhExic X
LERIFWET VAR, NATZIVOBRO I Z<IVEFIV &
L COffEEE>, dbAA, A FTFIVEKD, 7Ltk
ERZVAE (740 T U VEIVOBITE 9 &, TN NG
MR (MEEOME) & iEEE (O 1S3 %)
DFNAEVOFR TR ZDT, ERICITL > LEMTH 5,
AT, 2 (polysaccharide) O—FTdh % H—
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C

alginate solution

CaCl, solution Ca-alginate gel

‘ Ca2t

Fig. 1

alg

=2wt%, [Ca?*]=100mM

natural light crossed-nicols

N
— — —
%
4
sol gel

(Color online) (a) Schematic illustration of the preparation of alginate gel capsules/beads by the insolubilization

method. (b) Schematic illustration of the formation of gel capsules/beads in the insolubilization method. (c)
Photographs of an alginate gel bead observed under natural light (left) and under crossed-nicols (right).

By afle LT, FIVLBRBIRTORKIC & 5L HE5
FORFPEL VBN L, HSE X % FUR L 7 gL
I & BRI L SR 5 TR OBBTBIEI >
T~ B,

2. ERICLBIRERAUN-FSTVD
RR

#1—F 5 (curdlan) (Fig.2a) 134 MIc k- THESE
B NLEERLIB-7 VAV THYD, RELK « HREH
s FIALKI SV s cmmAE S LT, B ba Vv 7y —1
ETIRAEVGETHCONTED, Iz TEREMECER
FEANDIGFIZOWTLHERED LN TWH, H1—
F S v0i3 pH B, KFAEOMEIZ X 0 7 AL B R %
RT T EDURIPOHOENT WA, BULEIC L % —
FSvoriutid, h—F 5 voOKBERY I#T 52 &
THLU, 80°CLLEOBVLE TIXIREIC X D ANA 7 &k
¥R )V (high-set gel) 735 54, 55°CH H80°CORID
BGLHE TR X0 At (KB IERL7 )L (low-set gel)
PELN LTS, KRR LIE80°CLL EDBLERIC X -
TEREB TS VIZELT 59, —F 5 VIZKICRETH
B, TIVHVIKERICERETH S, COWRELRFIBL
T, A—FZVO7 )V KEREZEE T THML TG
LT A—F S U IVER T 5 LN TEHI012),
FRIE, B —F 5 VDT IV IKEER & KLBEDH T
L7200, ZEMERFFRRF THEL /2012 F 52 &
LoD T ENHTE S,

Konno 53, —FSVOHBRMRBEZIT D> P T,
NaOH KEW CHM L 7o — F 5V OBK BN F 2 —

TIZAN, YLV AKERICRES S &, I—FF
VDA T VEERES )L (ionotropic gel) AT A & &
FRL/BW (Fig.2b), 7IVFVBO X DA 4V E%x
RO T, &AL VEEFTrMET A L 3B
L7\ —77, I—F I VidhHEEEROT, Ca?*
TrIET 5DV L TNERICEbN SR, 7380 —XA
(L4~ a—A, BHOERSD 1 D) THESINT
W5 DI, FEEO NaOH FCli 7 va—AkED
Ry VEO—HHA A bdH5Z Lic kb, Cazt
THOTHEPEBINTIIET L EEZ LN TWABW,
BRI C LT, Ca?t VIR TN L TIERL L -4
RON—F V7 VM EICREIC AT 4 AL K%
BT DL, PVOPICHEL ) V7 RONZ =V
SN C\W/z416 (Fig. 2¢), 71— F 503, Ca2*LIHC
bk xSl A AV THENTT S & TA AV RIET V%
R L 721975, SO/ — v OFEUIE Ca2* ICH#I 7 &
DTHolce COBMICEBEN—FF /7L TiE, Cazt
DIERUZ & > THIVEDBFR I NS, A 4/ OILHIZ & -
TTIVPICERIRON =AU 585 L L Tidy —vH
v 784 (Liesegang phenomenon) 1718 231 < 7 HHZ T
HAHD, Cat BEN—F S VIV TRY—EHVITEBRD
KO I RMIR RN TE B LML RO - Tz,
51T, CETREBAN—F VIV OKEO 7 0 A=
JU (crossed-nicols) FEZE» D, EROIKEIC K57V
FVEET IV EFEIRRIC, XFRITEZFESZ b/
(Fig. 2¢), EBE, THALIITE T, Wil & BEE O
FHENZAE U 57 VIR, RN O &5 F O8I 4 5
— ) TEEHI OB T 7 W — RO BT & L CTHERE S
bo DI, FHIC X 57 AL E ANBLIR G AR
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OH
HO

OH

natural light
Fig. 2

dialysis
membrane

curdlan
NaOHaq

crossed-nicols

(Color online) (a) Chemical structure of curdlan. (b) Schematic illustration of the preparation method for the

diffusion-set curdlan gels. (c) Left: Photographs of the cross-section of the diffusion-set curdlan gel observed un-
der natural light (left) and under crossed-nicols (right). As shown in the left one, the gel consists of four layers:
the outer translucent layer (I), the outer turbid layer (II), the inner translucent layer (III), and the inner turbid
layer (IV). Reproduced with permission from Carbohydr Polym 108, 118 (2014).

IZELSDTH D, T, KIS EERAGEN—F 57
JVIZBE9 % Dobashi & O—@#DORFFEI6192D % & o ipif &
LT, T x D% 2220 ek 2 v Ry 520,
DNA?", HRES FEMBE®ICOVWTL, IKRIC L DE
BN A4 )L (diffusion-set gel) (34 18475 e AT IC il
M LRI 7% 2 EDHE SN, U L - TF
RSN LRI NV DOERENH B2 & - 7229,

3. =R VT NIHIFTEZEBEBED
fEriBiz & BRI T

Fig.2c © Ca2* BN —F S VX IV EFH LS B S L, &
& (turbidity) ORE7x% 4 DO » HHER S N7z RO FTR
D% B (multi-layered structure) Z - 727V THh
BT EMDpD, TIVOREN BHRLICH P> T, TNE
L, sHERRE (D, SMIla&RE ID, WNAERRE J1D),
ROBaERE (IV) LS kicd b, Edoa®) v 7
Koz — g BICHIET 5, SN HOREOHEIY
B3 —FF v & CaCl, DRESLH—F 5/ D5 FEIC
WEL 72D, B BZBOFBNEYAWTE LNV
IZ2oWTC, BORIIEDLLT, KBOEI T IVOFICIH
Bl bbb, HHHEZBEOEIZI 7 VORI LLT
—ETH- 721819, flE LT, A—FF VD5 FESIX
10, H—F 5 ViEE5.0wt%, NaOH 0.3 M, CaCly
BE8.0g/dL & L THEL SN/ X IVDOBE, FILod
POOEHER p, TIVONERE R L LIk EOXEOMEK

MEIT TN ZEN, 0.5<p/R<1 A), p/R~0.5 T18E),
p/R~04 (III/@), 0<p/R<0.4 (IVE) OLDITEX
n% (Table 1), Ok 5%7 Ndd % ERESOHIMEIL,

FSy 7T 0N =Y AT ANDIGAICEWT, &3
POWIKEHEAEBL, B L WEakikHihii 55
DIZFIH T & A uJREME1 B 53031,

Dobashi & Yamamoto 52V {357 — F 5 v 4 )UK BE &
IZOWTEEL W ATV, 7RI VT, 7V
CIRRHOMICHE AR BPIER I NS C &, Tk
N1—F 5 VR & CaCly IR DAL 5B 35\ TH
WML, 7V EBEHEOBER PR LICR - TBRENT 5 &
DICHEFTT AT AL, B, ZIVHATTTO
Ca?* DILHR T v v v WVARIZ L DB s 5 Ca2*t O
I k> TPALE A F 3 7 A rlab 4 S EGR A R L
7o COMERICE D &, FIVHOBRRIZK TEH NS,

1 1 1 -
—(1—7)2 ANy 3 R
5 1-%)2In(1—-%) 1 X 5 i=Kt (1)

ZCT, i=x/R, [=t/R2ZFNFNTIVHDEX x LI
Mt BN (=7 VOFE) R THBLL D
THH, KikCa? OIHREICBRLcERTH 5, 7
MEZ A F 27 AOFEBRFE R, TROFEIC BT
(DX THEBE NS, IV BOFEE TRBEHRRA»SD
FThoED -7, O EIE, N-IVETIE Ca2t I kb7
WALDUANDBEZ R TFIWALT A F 3 7 AT E A RIEL T
LT EERL TS, Ca2t BHDON—F 5/ TIVAhY
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Table 1 Characteristics of layers I-IV of multi-layered gel of curdlan with a molecular weight of 5.9 X 105 prepared at 5.0 wt% curdlan, 0.3 M

NaOH, and 8.0 g/dL CaCl,.

layer I II III v
relative position from the center 0.5<p/R<1 p/R~0.5 p/R~0.4 0<p/R<0.4
turbidity translucent turbid translucent turbid
birefringence large — small —

. . . circumferential
direction of molecular orientation i -
(circumferential*)

not detected

isotropic
P (radial*)

isotropic

average diameter of fibrils d

9.4 nm

average size of fibril aggregates

small (~ 10 nm)

4~”””7;;;;;:

éDB

contribution of scattering from aggregates small

App/Ac

alignment factor

negative >
Ay J 0

suggested gelation mechanism CL** CL** NT(+CL)** NT**
. . simultaneous
gelation (GL) and phase separation (PS) no PS no PS PS after GL
GL and PS
* Determined from birefringence
** CL=crosslink by Ca2*, NT = neutralization
KB OB VT, ZEEHOZ AL AL T Sl lEE NI EEEERZRLS, GRLCTES

W5 EEZLNS, B0 IEEEIL, Ca?t DA &
ZCke < C2T IC L BB TH D, (1)AUT T NITHIG
T 5, H_O7 ALK, OH- OFHIC L% pH DK
T (TAVOFF) IZES H—F 5V ORELTH %,
FHEWL O Tl Ca2*t OfEA & OH- O H 25 FIKF I B
I BN, B SEEN 7S T OH- EEORA L -
#BiC Ca2* BNEIFET 5720, [BEEL7 VO (B
TEAA)) Tl Ca2* ZUBIC L A7 AL, 7L OFITIEW
TR BT EBRE L T B EE 2 BN D, R
X7 D ERNCELDONI-IVEO Y DR TH %
PSP S0, FIVOHE B S %N 5 0NE
BB 5,
(DRDOETL > —20EREZMERL, TIWbox A+
ITALBNT, TIVOFRERIIATT—IVENZETH
HELIDRICEENHT L THDH, ERIICIT, EixD
HEOBHIEIC S50 7 IALE A F 3 7 Al 4 TOREKIC
BWTC, & TOBRIE RICIRFE L a5 722D, T &
i, TV OREMIC X 69, Sk XA F 37 Al
RICHL TRMBICATr —ILE3NTWBET L EKRL T
D, FIVFROREORNERE S BT IVORICHKEL 7t &
LEETHE, N—RoUrICkT 5 4RSS
WMMED T A F I 7 AT Lo THESINTWSC & aREt
b
H—FSV7IVRNEO 7 0 A= a)V FTEZICE W T,

IVREIIERENZ RS- 7 (Fig. 2¢), BT R4)E
IZBWTIE, RO I T F OB/ S 2 — P8
ZEN/H, THEBES M EIEF BRI RANO ST B
EEIRL TWb, FIOWZEY Tld, MR WS 7L
TERORFRMEL S, S TEEAEEERAR (FUERECE
H) ThbEFHINLD, —FOMRIEHZ HV -8l
k0, IBCRSFRAEAEESR (FIUEREIZET)
<, B TEHFRAIZER)ATH S & BNEEDH
FTRIN, A F VIEHIC K DB S N A Ok «
RIS VBN T, Stk (sensitive-tint plate)
FEPRER T W BERA ThN, EOBAEL 7 IVE
RECFITHAOSFRHATHASZ EHRINTW
5262829 5t 5T, A FVIREUC & B 7 IVIBBIC 5V T
13, 2 ATV ONE D OFEK AR R T )
T, FIVERENSFAT RO S FRIAAFELE SN T W5
Wz D, 5 TEIROEREIC OV T < D OTREME S
E2 N5, BRHAFOES TS T IALFIC i3 %
L, FVHEROEGTHEEFBERRTHZ LD 7L
ICRDRAENS®, ChiL, BRFOSS TRMENIK
KFF B ORBERENCRE T 5 RIELUL T b, TO8
, BERESHCIEREmICEEICEML 2o TAL 25 S
NAHEDICRESH, FEMEETIEERICH > TELIC
BT BN, EHLOEOEE L FIILREIC AT MO
SFBRRBFEINSETHHD, NN, Fivks
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FRFIC 7 U D vk & L TG (BESE, syneresis)
LCEFL, TN 72aFRIADFHR S ND &\ D f
BAREINTWAEY, ThHEOBETIE, © ks y
FERMFEREICEL A SICHY, ZIE7F VDI
DO (I—RSV7 VO 1) I\ TEBRINICTHEZ
INTWVWBED, ZTHNICRLT, h—F5 V7LD Il JET
O TR, TIALSEIEFE SR CH A5, L0l
IZIVEI R IN/BIC, IVEADLS NI 5 C
WP T, HLBIC BT BRSO 5T RIAAFHIRL S
NnaHZ EPmEsN®,

4. ERE X BMABELICKS S A—-FKS5 >
TN S EBEED S FEEFITHERR R

IRBUC X VR s Nz Ca2t BiF A —F 5 v 7 IV OF
RO & RS & BGMEIC O W, VO S OfLE T
EEJ L7280, B (SR) ZFIH L 72 X f/ sl
(small-angle X-ray scattering, SAXS) IZ L& A% FE 1A/
PEDIRWT 24T - 7239, SAXS T, BELA 20 BFPELLTF
OWELX A2 WES % LT (Fig. 3a), —f&mvicid 1-
100 nm OY A ARG TN 5 Z LA TE 5%, Thid

41T detector
9= sin 0 \

sample ]
X-ra ﬂ 20 .-
: o '

! camera length (

z
(C]

8,

C 7
P 3
0.0003
> O 3 3.5 4 45 5
g [nm]
R
{ R
o)

BT rVOEE, PNSWHP LRI, B ORI
RS, RGOS, BIXUMBREO 27 —IVICH
W4 %, SAXS OFEO— D133 O M DO NFED 75\
ZETHY, PG THEDTHESR T L7V ORESE
T, WROGLE L\ I E TR 5 2 H T L7 KN
LT ENRTED, HLDOBE, FIVERBKL W55 T3
BT 7 AR A & S 70\ A%, SAXS T Ei A48 B v
DIECHEITR L TR E 2 TlEd 5 TR RS s & 15
HIENTED, $7, MERE_KITHRERTHNLZ &
TRV F S AT EEORITMZHET S ELHETH
Do TR TIE—HIC X BOBELHEE A METTH 5
2, WA X BRIEE L CERE Rk &%
T2 LICIOBEDOR VT — X L HRFEICE 5 C &
NTE D, KBFFEDOMEIL, Photon Factory /)N HLHEL
v —A5 A4 (BL15A, BL10C, BL6A) DI E[EIHTEF &
A A—=VWELCCD oA A=V 7T —1F (IP) %&{#
5> TT-72b DT, ERICEWELSA O#E X 20
7o MEHELT, HTESIXICON—FSvVEHAW,
H—F S5 VEES0wtY%, NaOH EE0.3M CTHE XN/
H—F S5 VR %, 8.0g/dL ® CaCl, THM 5 & T
LN VA W,

0.0009

0.0008

0.0007

0.0006

I [a.u.]

0.0005

0.0004

Fig. 3 (Color online) (a) Schematic illustration of the experimental setup for the SAXS measurements. (b) Circularly
averaged SAXS intensity profiles obtained at different positions p from the center of gel. From top to bottom, p/R
=0.81,0.59, 0.52, 0.44, 0.22 and 0, where R is the gel radius. (c) Directions of the beam incident on the sample in
the SAXS measurements and 2D-SAXS patterns from the curdlan gel (R =8 mm) at p=6 mm for the incident X—
ray directions of Z and R. Reproduced with permission from Carbohydr Polym 155, 136 (2017).
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71— R 5% F 13 NaOH & 2390.2 M OFEBRIC B\
Tav 7y A=y aVELERL, K pH I ClIBAFH#ESE
(LRARKES) %, SpHHETRES VX LA VE L S
TWAHT &R, THEERORKE, HE, NMR ZOHE
NOHMEINTWHII . Ca2t FFEN—F S5/ 7F VT
13, RIS EEEO NaOH TH—F o5 Vs a A+ 5
73, BN OME T OH- ORI & VERIKN O pH Tk
FICWAI 5, 22T, B AF5E (Im) TSAXS
BEZIT, H—FS5 VIO Ah—=F 5V 5Toay7
d A=Y a3 VIOV TN Fig. 3b 13477 )L ORI IC
FOP OO p ORGELMMEICXBEr AL E
DFEHHYS 2 — 128 LT, MEPH SNz SAXS 1
T4 IVTH D, 7FIVOFLNEOBBIMEIC L5, #El
N7 FVEg=38mm I/ O0—RFa—r RBEIN
72o TN, Bragg @il d (=2n/q) =1.7 nm I I
B

BB ORI ko TRES N/ —F S V7LD
N—=FFU/GFOaVT 5 A= g /it X FRkHEEHTIC
Fopigsh, BUESCAKROEMFIC LD, ZHEEORK
HIEE BRI N/, ERE T100°CLL ETaMEE XN
ToBAE IS IV TE BN oKL, 1.8 nm DAL
FIIO=KFE6/1 LR-AD/Ny F/ 75k 54042  F
RO B (SRR S Mol I s W TR B 7o ok A
Mg, ZARB6/1 OXAREN O DD, MR
0.58 nm TH - 72394, Z OMAERIAIT, KB OO
#1/3°T, MIBICKDZ=AKEE6/1 LA D 3 [ElalfE %
ok IRV 7 L icistBbhs, KWk
B (70°C) TBL, %7/-i, FRTOFRFC X 57 Uik
HEF ORI O WTIE, WS OLDETIV (—AHE7/1
DEALZARET/IORALDREY, ZKET/1568
AN, —REH6/1 HRAN) PREINTVAH, Th
LDETIVICE W THRMERIITR <, #2.3mm Th -
7o —H, TIWVAVERPOERTHRL TEONT IV
OB KRR O X FEIH T, d~1.7nm O H B B2
N7, ZOREIT, KR CTHE S )V OEHEE
¥WICkWTEZEIN, d=1.84mm B LU d=154nm
DB T 5 EFE 2 b b, AR THE SN/ d~
1.7nm i, FREITEEOBMBIZ L A7)V 6Dd
~1.7 nm R KFEREE OAL A DMEIT TV - T,
INEUC & % Ca2t G VDO —F SV aFOa Ly 7
A= g, FIVHhOMBIZ L LT, LHARORFERE
Hh b oTOD T EDPREMTES, BITOBIA & FIRFCE
WO pHITESL KT L, 7 IEDOBRBRIC A —F 5 v
DAA NN v 7 AEBOL EWVHEEBLZTLED
O, FIVFTIHMEIC LG FBRF#EL &> T bE 2
b5,

WIS, FIVOMEREICEBH A —F SV TFO5 T4
AERETHLPICT S0, RN ATE (~24m) T,
E 0/ EEIRIC 351 B SAXS BIE & 4T - 7=, Fig. 3¢ 1C 7%

F X2 IVRBICH T 5 X O ASH AT X - THEL
INR—=2 DT T  VH R > Tizy RIGRAID D AGS
F2BEITE, PO OO p I K 6T (sym-
metric) 7ZBELS X —VBELNID, Z, O FAP LA
FE7HEIE, SIVORL TSR Bl S 2 —
N, FIVOIE D ORLE TIE 7 VO RFTRIRES 2 B L <
OV OB RIS 72 IEX B (asymmetric) 7z kALY
R—yv B oI, CORBRE, HTFEEGEOAT—ILT
LEMAEL TR, ZOBRAFRITBESAICEE (7
AL FRENZEAT) C, ELE ORI FREIS B T ANCEAT (7
WAL REICEE) THHILERLTWLY, Colr
i3, EBROEBITOBREGDY S L, STFEGERORLR
EHN—F SV FORRAP—FL TWAE I EEEKRL T
Do
SFFEGEHROEECOVTHFH L EET 5720, RIA
PO XBEAF I TE o MR iREl /S 2 — v &
FPHL, B oh-8BEL g4« @i L 72 (Fig. 4a), 7V
HVBEPOSOFFNZ LB H—F /7 IV T, 7IVHRIC
AN—=FSVUBTHEEGLIT 7 (fibril) B S
NTWAZ EPREIN TN, Ca2t BEHh—F 5
VIZIWTLELO T « TSR BRI A L HEL
Too —EYA RDT 4 T VKRG FHEEERIC K BHEELT,
MR ECEL A DR R T4

"2 sin2[q (L/2) cos o]
o [g(L/2)cos a]?

Pc<q>:4§

Jilgrsinae) .

(g7 sin a)? o da @)

ko TEHAShSLEEZONS, 22T, Ji(grsina)
i grsina#ZHETLHE 1D 1L RNy VB, Lit
FAREORES, r ZAROFET, ald ¢ MR- OABE
THbH, Q)RIL, 1/L<qg<1l/r DL TXRD L DIEPS
N5,

_n _ﬂ%}
Pelo) =2 exo [ 55 3
B)RICE VT re TMHBEOKTE OB ML T, r=212s
THb, SHIT, 74 7VIVHT VR NLBRER (ag
gregate) XIUH$ 5 & &, EEL#E (L Debye-Bueche £
BE%L

Iy

(1+¢2&hp)? @

Ing(q) =
ICE->THRBEIND EEZOLNDE®, TIT, L & &gl
gICEBRWERT, &op ITBEREICEE Y 1 X
BAtRd %, (4) Ridb b, SUXLRITHTEES
ICIBWT, BFHEERDSEOHCHBIRER B R & T
FEBBIBIN IR 9 5 & E L 7o & ORELEE & L T8
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Fig. 4 (Color online) (a) A typical SAXS intensity profil

e of the curdlan gel. The gray curve is given by Eq. (5) to fit the

data. (b) The curdlan gel consists of fibrils (the average diameter d) and aggregates of fibrils (the average size
&pp) , represented by blue lines and red circles, respectively. The fibrils are formed by the association of curdlan
chains which assume a helical ordered conformation. (c¢) The plots of r¢, épg, and Apg/Ac in Eq. (5) versus p/R
for the gels with R=8mm (O) and 14 mm (@), respectively. Reproduced with permission from Carbohydr

Polym 155, 136 (2017).
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Carbohydr Polym 155, 136 (2017).
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Diffusion-induced anisotropic biological gels
studied by synchrotron radiation small-angle
X-ray scattering
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8601, Japan
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Osaka 560-8531, Japan

*Professor Emeritus, Osaka University

Abstract Aqueous solutions of biopolymers (e.g., polysaccharides, proteins and DNA) can be transformed
into gels by various treatments such as pH change, addition of ions and temperature change.
When a biopolymer solution is placed in contact with a solution of gel-inducing molecules, the
biopolymer undergoes gradual gelation as the gel-inducing molecules diffuse into the biopolymer
solutions. The biological gels induced by the diffusion process show a specific structure in which
polymer chains are anisotropically aligned. Here we introduce a series of studies on anisotropic
multi-layered gels of curdlan, a microbial polysaccharide as an example, where synchrotron radia-
tion small-angle X-ray scattering was used to characterize the chain alignment in the multi-layered
structure.
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