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Abstract: Celluloseisthe carbohydrate polymer composed of carbon, hydrogen and B-glucose, and the main composition
of plant cell walls. The aim of this study is to evauate the effect and potential of 1-2 MeV eectron beam (E-beam) irra-
diation to the sea squirt derived cellulose membrane (CM) from Syela clava, called non-native tunicate. C-O bonding
was increased than C-C bonding, and several related results showed depolymerization of cellulose microfibrils composed
of microtubles. Cross-linking cellulose protein (CCP) was lost after E-beam irradiation, and so thin and delicate cellulose
fibrils were detached each other by moving cellulose synthase complex. The potentid of this cellulose polymer as athin
um thickness medica membrane for the guided bone regeneration can be suggested.

Keywords. cellulose crosdinking protein (CCP), cellulose membrane (CM), depolymerization, electron beam (E-beam)
irradiation, guided bone regeneration (GBR).
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% 3 o XX $ol] SH 100mL+10 mL NaOCl &4
oA dirring §lo] a7 EASIAL, T S/ Al st S
< 100mL 2 1M HCl 10mL ¢80 3FF o] 1
#8l =F75 A1EE 1N NaOH 100 mLell 6417F 21X]315
. 0]F A /S 100mL+1M HCl 10 mLollA] 3} o]
S Bk o] SR/ AlE 3} PBS buffer 100mLof 2A4)17F
Hheal oL, o] % Al 2 2~¥F 3} PBS buffer 100 mLol| ¥R
sle] 1A B2t ultrasonic 45°C A X513 T) ©] 3 Trypsin
A2 2 1A748kaL, 1N HC 200mLell stirringsted 12 A2
gt $of] SFTE 53] o) AL gk XY flelA s
ol AxAIZ] Fol| ehylene oxide 4% Z4S AA E4s)
SATES®

I AR AT AN M= e 1] 2do= A
ZAFE ARt AR duA)= 1, 2 Meve] 7 218
2 3 AFFS 012 2 024mA°] T 270 R RS
™, ZAFFe] o U 1, 10, 30 2 120kGy & 2] ]
7] o2 A0 sl & T2 scan speed(mnV/Rev)E
N3l (Figure 1, Table 1) 8 A=) 2AE feuke zkzt
Ui, P, B 9 ¥Hsls HARE Algsielon 5
APAFE R 7] A ARbEA HARE Al 7F Al
& 747} 33| o) Al on, AR Al Hlaaste] 7zt
Zko] Rtk FFAAE gRIste] FAIEAS student's t-
testS St A3} ghol p<0.05d W F2ol4 JLo =z V)

Zahsint.

)

imen holder including six units (b); prepared cellulose membrane
appearance after compressive packing with ethylene oxide gas ster-
ilization (c).
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Table 1. Actual Dose of Electron Beam Irradiation Study
Dose 1kGy 10kGy 30kGy 120kGy
0.12 mA 8.8 15.2 27.3 OR?

1Mev 024 mA 8.8 14.9 275 64.4
mean 8.8 151 274 OR

0.12 mA 32 124 237 552

2Mev 024 mA 31 12.7 233 544

mean 32 126 235 54.8
%0OR: Over range.

A 2H. A4 #4718 AANE FARIAE R (FE-
SEM, fidld emission scanning electron microscope)s- ©|-8-5}
of AAH 2AMSS] 4 A4S AldEkT 94 47
(EA 1110°, CE ingtruments Co.)2] £4] 2712 0.01-100%¢]
meesuring range, maximumworking temperature= 1100 °C,
oven temperature= 50-190°C°|3Z, TCD detectors A18-5153
t}. FE-SEM(S-4200°, Hitachi Co)S =1t 9] mA|gh
TZ2E A B AR FAEA

ot BY. AER e fEHe] &5 ks fJa of
u] =4k 22 7](L-8800 High speed amino acid anayzer®,
Hitachi Co.)& AR&-ste] Z17ke] et 192 27 shstst
o] 20mLe] ol ¥aL 107194, 120°Colx 30%7F oA o
& Z47Fe] 8-S dqlitElste] AEdS o] &St &
A7 = ehiidolut slEle| =5 AF 7lEEl e & AHS
EFAA o ARE-S Balalar, 3129] reaction coilollA] £+
SASEH RESAA FEA] obr AR BHE &, S
NN FHEE St AN WE FFEE AolE
AT

LA EAL X ME AT |E 0|88 3H5HY 2Hs7| AAL
&=r3}eld 9 9] Nicolet 5700FTIR® 41 S ARE-39 o
45° Dia crystaol] ] gt T 4ket 7+4] % WEAKsingle bounce
ATR)Z =4 W9 400~4000 et} Fzsle] vlwet 7+
#5719 3 8 9 (group frequencied)ZE 7]19] 2] A
A FxEd 52 71F3te] dkane C-H dretch(spd)
2850~3000 cm™, akene C-H dretch(sp2) 3050~3150cm™ !
dkyne C-H stretch(sp) 3300~3320cm™ 508 A&},
akanes -CH bending®. 2= HCH scissoring 1440~1470 cm?,
CH3 rocking 1370~1380 cmv* @ CH3 rocking 720~725 cm*
o] W85 Fh=xsto] Hlasiith.

EHsE 24, 0 £ 94 A 7 dae) 3
&2 A E vhetstr] sl gh=rsketd 42l mono-
chromatic Al-Kodls #9122 sl X-ray photoelectron
spectroscopy(XPS) 3351 2RE371¢1 AXIS NOVA® ZH|E o]
sto] FABITE PR FRseE A Ak F BhAe] 1s
ARk AR 7F 22t 531, 284 eVl ©]&-dfe] AkAsot

k] Yt RS ARlUAT} Bew oE Fe)
A AGNIAEG S FOZA AP 2] ol
o) Wste vla 2 s,

e 2 freEte] ofdls) e REsle] x6.0, x20.0
2 x50.0ke] wi&E A& FE WA 4 (micro
fibrilg)e] ®22 FHIE 71F02 FJslgen ETEEC] P
OFUAY B= FHo] FHE 2gErt ol B
A LIsIAaL, 33] o) Hsle] EAQ] IS vwd
UES v AT

B T, AFMZE H MEE 5o 4 AAL dx
ZAF AFe] B4 XS 8 ZE A1HE-S Indron 4482°
H| S ARESl] &= 5mmymin, 219 7HE-2 20mm, 2832
1kgfe] full scale load rangeet 22 574 2702 717}t 33
A ZA4ste] HAXE oIt AAR] A HA$-0] 49
At H7HE fleiA = A 35em AAH R 2
FEo HE 20R fR|ste] KIasiairt e

Tt B-E ALl AREOE o]Foz] B4R I =
AP L] BhAe) AkAe] A B H]Eo] 53.7457%%=-011°° Hls|
ZARFA = 50%5 gk Hlgo] ZaE|o] o AAPIZAL
olir] g th2 AR teii = d&F BlE-2 HslE Ho|
A eFstrh. AP 2o UM E BTt 52-59%2] HE
S YAEA HolAl AT UYHA] 41-48%°] HlE&S HIE
4], o] AP Hit 50.21%2] B4, 49.61%2] AkA H)
&S B nlwate] HA] ZAPFL] Apo] B ZAL
oz 9 bt FEste] xfo|He WAER] okt &
3 T2 Eoldt T34 ARE AR it =84 &
AEolu Zhg Aol FAaEel FTF 0.19% v, YA
0.08% w|Rto 2 A= 01} o] AP AP ] mEEo
2 WAEAD A} 2po] S HolA] kth(Figure 2).
olo|=tt BM, AlHo] HAye FH3IHA] ofn|iito]
YEES f7]8mE ARSste] 48] o] Eelste] FEEE
=As19E, ARl wEE Asp, Thr, Ser, Glu, Gly, Ala,
Vd, lle, Leu, Phe, Lys, ¥ NH; 59| 8] ofr]=ito] A}
=2 HASEAT A 2AF A5 9 AR R 9 =
ARl mhet ol e Abole AAEA] d4AL, 1 Mev-
1kGy2] ZAE3 2 MeV-120 kGy2] ZALEM T AEE e
Folof WA, 128]aL T JAME Fold e Aol
A=A Skt (Figure 3). o= A XS B3l AE=
22 e ofu|icAt ko] WMl AEEA] e
7|0l 1 A2 0 Frrte] ZAAY TS A5
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App I ity |Weight% |Weight% |Atomic%
Conc. Cormn. Sigma
21232 |12232 |50.21 0.65 57.37
107.21  |0.6253  [49.61 0.65 42.55
0.61 0.9559  0.19 0.06 0.08

App Intensity |Weight% |Weight% |Atomic%
Conc. Cormn. Sigma
236.19 1.214 47.07 0.56 54.23
14632 |0.6688  |52.93 0.56 45.77

i

2 MeV - 0.12 mA - 120KGy

Figure 2. Elementary analysis of cellulose membrane after 1 MeV-0.12 mA-120 kGy (above) and 2 MeV-0.12 mA-120 kGy (below) electron
beam irradiation.

No. RT Name Height Area Cone 1 Conc 2
omol ng
1.65 791 14613 0.000000 0.000000
2.13 3599 114201 0.000000 0.000000
4.64 Asp 1922 45438 0.0965568 12.8517
5.33  Thr 1364 31499 0.0645104 7.68318
5 5.89 Ser 2763 58086 0.121518 12.7715
z 6.55 Glu 2541 84726 0.183858 27.0455
3 9.44 Gly 2958 56807 0.114012 8.56230
X 10.13  Ala 924 21789 0.0577642 5.14679
g 13.68 val 2044 44250 0.111023 13.0119
3 16.87 Ile 601 21080 0.0450905 5.91587
2 17.91 Leu 800 40825 0.0955305 12.5336
= 20.36 Pho 826 28868 0.0655322 10.8259
23.11 Lys 1130 14363 0.0292298 4.27340
24.09 NH3 7279 194839 0.701813 11.9308
T T
(a) 0‘ T 'é' T '110. T .1.5. T .2.0. T '2:5' A .36 PP e % tobii 282 885
Retention Time (min)
No. RT Hame Height Area Conc 1 Conec 2
nmol ng
5 1 1.64 727 15312 0.000000 0.000000
L 2 2.15 2217 75950 0.000000 0.000000
3 4 3 4.64 Asp 1456 38345 0.0814843 10.8456
] 4 5.33 Thr 959 23219 0.0475529 5.66356
@ 3 3 5 5.88 Ser 1570 35816 0.0749283 7.87496
F 28, 6 6.55 Glu 1692 64258 0.139441 20.5118
- 2 s 7 9.43 Gly 1720 32487 0.0652030 4.89675
3 g 8 10.11 Ala 629 14975 0.0396997 3.53725
= 1 9 13.65 val 1629 38444 0.0964560 11.3046
10 16.84 Ile 408 13384 0.0286288 3.75610
0 11 17.88 Leu 517 27625 0.0646447 8.48138
12 20.33 Phe 615 23267 0.0528165 8.72529
-1 13 23.11 Lys 825 13695 0.0278704 4.07466
RSASAsasas Mo a e e AR e anas e 14 24.09 NH3 5109 139241 0.501547 8.52630
(b) o 5 10 15 20 25 30
20063 556018 1.22027 98.1982

Retention Time (min)

Figure 3. Amino acid analysis of cellulose membrane under the 1 MeV-0.12 mA-1 kGy (a); 2 MeV-0.12 mA-120 kGy (b) electron beam irra-
diation, showing the detection intensity of Asp, Thr, Ser, Glu, Gly, Ala, Vd, lle, Leu, Phe, Lys, and NH; according to the retention time.

o2 Ad F d& AR S dretchingoll €13+ 1059.69F 1024.6 cme] ¥4 & HolE
Z2A| MU HMEEV|E 0|38t S5 7| ZAL Ad#AHel Fej= AEZ Q2 frdlo] A AL Foj=
ATRIR E4ol s AER Q- Fruks A sk 5449 71241 B(seccharide) A FH o] AHEY Fxrpee
Ehans} 2kAo] A S TR HAFE, 1E 2 IR FA = AT
7] ZAE9 sl C-O-C, C=0, -NO, -OH¢} -CH, 2% & FEM5IE ZA} ESCA survey 24 AFE-oM = FAR
o] 7] o] ERA ~HEH {FPoz IIFH Q1 Bhae} kase] o] #zEle] Clse} Ols ZH2he] 54
(Figure 4). AR ZA} $ AR F7te) mal AR H] o] W70 nE AT Q 2~uko] Y Hy} oo B
3 Tt ARF ST o AL A B AR m =[{cH(Figure 5). Cls Jtells w44ellX] hydroxyl carbon 2
2 Aol BFHA vk AEH e dlxw] A @9l C-OH Z 9, ether cabon?l -C-O-C A, carbonyl

o] Ho|MEsgd ~HEY Axel Ao FARE B3 ~HE cabond] -C=0 AF % eser cabondl O-C=0 ZF %
HS HYET|, -OH vibration?] 3366.8 cm’e} -CH, vibration hydrocarbon 2§}l -C-C, -C-H ZAglr = AR} v)ws}
2l 1368.8cm™ellx] 742t -OHS} -CH, 719] 5421 4l o ARl kAo g 1= gho] Yol on 2849eV
= (absorption bands)7} &2 = Atk =3 C-O-C bridge?] 9] =.9] hydrocarbon ARte] AUl A o2 13 gho] Fobxl
anti-symmetric stretchingell €13+ 1157.4cm*e] 39 CO EHS BT
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Figure 4. ATR-IR spectra of cellulose membrane (upper, red); electron beam irradiated cellulose membrane, from middle to bottom (green,

blue and violet).
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Figure 5. High-resolution C1s ESCA spectrum, showing hydrocarbon (C-C, C-H) bonding of 284.9 eV pesk, hydroxyl carbon (C-O-H) bond-
ing of 286.7 eV peak, ether carbon (O-C-O) bonding of 288.4 eV peak and ester carbon (O-C=0) bondings of 289.6 €V peak. No E-beam
(@); inner (b); outer (c) surface of 2 MeV-0.24 mA-120 kGy irradiated cellulose membrane. High-resolution O1s ESCA spectrum, showing
hydroxyl oxygen (-C-O-H), ether oxygens (-C-O-C-) and ester oxygen (-COO). No E-beam (d); inner (€); outer (f) surface of 2 MeV-0.24 mA-

120 kGy irradiated cellulose membrane.

Ols IE&) s B o= AER 029 C-O Afo] #
e ug AMgE AEZ 027t wfg el BAENSS
Yehl=tl, hydroxyl oxygen(C-OH), ether oxygens(C-O-C)
2l ester oxygen(-COO-) Al that ¥ =7} 742} -5 o]
HZEUAT. SAHR] A2 A AR 9] 38 eps(counts
per second) Y= glo] A FARS- 240-250 cps V=L G
2 w9 FA F7HEIReH, ol AR A ogh 1H
’37deIM C-O Aol F43] SV 2= A=A

AR Z2Abo) 23 AE 2 ¢ A~uko] TR Akshikg-o]
ZFREe] BRI C-Collx] C-O0 Afo s Fx1¢E Aol &
AsPsAAPlA o] F AR A 7]E AEZ o2 Q= C-

C % CO BTN 7 2A150] CO ATl WoldS

2 B3}
sl C-OHZ o] 2140] olAH Kt 4
] 2Hg B TS eSS T T UL AR AR
o} ol AAe AR AR Q2 fuke] Uro)A
H} & AFAES Hola FAlol x| o3t AEz e~
2ol ZuAle dus(shissoning) dAke] C-C Agl
A Bl Ao g AlREL
oheFel o8] AP A 27000 e AEE 0 T
o] ojms} Yol thgk ESCA £4 A= 2|7t fiSiE,
ESCA 40| gl ogh ¥4 ¥2]de F#shd pum
FAE ZHe AR~ feute] FqHzte] g8y Ao
= A7t gl Ao AlsHT

gRIg 4= Atk C-0 Aol S7H AEZ 0 2~u)
TS 3
Al Agil/a
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FAEKSHOIE B, SEM 242 2E AJH 8]
W} o2 pro] Hegsilon, AR ddsiA §
A AZZox ARAEY B53 Y 27 vHEEE ¢
WAk AojH oz mAsta SR Ad TRE olFE Ud
o= AAEUT oA} 7o) A ZAlel AHste] e
ouz|e] ARl 2ALFo] S7HRS fmrte] WHt
ool Fej7t vseiAl e FEe dAEA BAEd, A%
292 AFAE0] SuEiAAA L 7]EAR1 FEjrt S]]
Ae 2o FAHYTHFigures 6, 7). 1 2 2MeV 2+z+¢]

4P| e R

Figure 6. Inner surface of 1 MeV-0.12 mA-1 kGy irradiated cellu-
lose membrane, x5.0 k (A); x20.0k (B); x50.0k (C), and outer sur-
face of 1MeV-0.12mA-1kGy irrediated cellulose membrane,
x5.0k (D); x20.0k (E); x50.0k (F). Inner surface of 1MeV-
0.12 mA-30 kGy irradiated cellulose membrane, x5.0 k (G); x20.0 k
(H); x50.0k (1), and outer surface of 1 MeV-0.12 mA-30 kGy irra
diated cellulose membrane, x5.0k (J); x20.0k (K); x50.0k (L).
Inner surface of 1 MeV-0.12 mA-120 kGy irradiated cellulose mem-
brane, x5.0k (M); x20.0k (N); x50.0k (O), and outer surface of
1MeV-0.12 mA-120 kGy irradiated cellulose membrane, x5.0 k
(P); x20.0k (Q); x50.0k (R).

Zan, 4399 A63, 20153

ANAA] 271004 ZAbell whebA] HlEste] 27} HSE)A]
£ = ARl 53] 2MeV-0.24 mA-120kGy2] %
oMz ozt o] Aol FARE Rge] ik (Figure 7M-
R).

Yy S, ABLE ¥ MEE. B4 dAbe] Hax
Table 201 7]A83ith AR ZARAS] AE2 Q25 fevte
T 0.0231+0.0012 mm, 4+ 174 == 1.13+0.069 kgf/
mm? 2 AE (%) 12.43+0.605% Uil 13> 2 Meve] o
YA Z o] Akl ok Az ZARoll= 77 0.0046-

=

.
fu

souc Lo R "‘iuﬂ £ i :v-i[.] Ll e iR

Figure 7. Inner surface of 2 MeV-0.24 mA-1kGy irradiated cellu-
lose membrane, x5.0 k (A); x20.0 k (B); x50.0 k (C), and outer sur-
face of 2MeV-0.24 mA-1kGy irradiated cellulose membrane,
x5.0k (D); x20.0k (E); x50.0k (F). Inner surface of 2MeV-
0.24 mA-30 kGy irradiated cellulose membrane, x5.0 k (G); x20.0 k
(H); x50.0k (1), and outer surface of 2 MeV-0.24 mA-30 kGy irra-
diated cellulose membrane, x5.0k (J); x20.0k (K); x50.0k (L).
Inner surface of 2 MeV-0.24 mA-120 kGy irradiated cellulose mem-
brane, x5.0k (M); x20.0k (N); x50.0k (O), and outer surface of
2MeV-0.24 mA-120kGy irradiated cellulose membrane, x5.0 k
(P); x20.0k (Q); x50.0k (R).
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Table 2. Mean Thickness, Tensile Srength and Elongation Rate

0.12mA, Thickness  Tensle strength® Elongation rate?
kGy (mm) (kgf/mm?) (%)
1 0.044+0.012 5.78+1.43 2.99+0.51
1Mev 10  0.025+0.007 3.62+0.09 5.08+2.38
€
30  0.050+0.004 6.66+2.19 7.05+2.47
120  0.023x0.011 0.52+0.21 4.05+0.74
1 0.034+0.018 5.98+0.97 19.27+8.89
0.035+0.009 6.96+2.41 12.71+4.21
2 MeV
0.021+0.009 7.55+1.62 18.4+6.49
120  0.028+0.016 2.84+0.73 14.0+7.64

ASTM D638-03, speed 5 mm/min.
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Figure 8. Schematic drawings of cellulose microfibrils showing cellulose cross-linking protein and cellulose binding domain (a); cellulose
microfibril with lignin and cross-linking protein (b); extracellular cellulose microfibril attached to the intracellular microtubule (c).
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