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Agar was prepared from Gelidium amansii collected from Jeju Island, South Korea. This agar preparation has
high gel strength and low sulfate content compared with G. amansii agar from Morocco. Accordingly, agarose was
made from the Jeju agar through the consecutive refining processes of dimethyl sulfoxide (DMSO) extraction and
ethylene diamine tetra acetic acid (EDTA) washing. The physicochemical properties of the resulting agarose were
compared with those from agarose prepared using only DMSO extraction. Consecutive DMSO extraction and EDTA
washing more strongly affected the physicochemical properties of the agarose (purified agarose) compared with the
use of DMSO extraction alone. These properties were similar to those of commercial agarose used for electrophore-
sis. In DNA electrophoresis, the separation and movement speed of the purified agarose were similar to those of the
commercial agarose. In a"°C NMR analysis, the purified agarose exhibited the same carbon peak as the commercial
agarose. When observed under scanning electron microscopy, the agar had an even and smooth surface without ir-
regularities or pores, and the purified agarose had a wide surface area with a large number of pores; the commercial
agarose had an irregular surface that would allow the solvent to easily permeate. These results illustrate that the physi-
cochemical properties of agarose prepared from DMSO extraction and EDTA washing were more effective than those
observed after DMSO extraction alone; thus, these processes used in succession will be useful in agarose industries.

Key words: Gelidium amansii, Jeju Island, DMSO extraction and EDTA washing processing, Agarose, Physicochem-
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A = ojn, o] F A|FEo] Ak oF 2,700 MITO.E A|lF&E9] 4§
AF v]Z=o] o] =2 Ho|tK(Ministry of Maritime Affairs and
7= A 7] Sk @A dhd ] FURE o] 85 Fisheries, 2006).

= x4 E2(Armisen, 1995), 2|, Folz a7}, gk, d&, A FUAF ST AL 9 OF 60% = UEo| AXE = B
QmdAlob W wlat Az Z ot 3ol L2} Qlrk(Ammisen I FEIR T TREE o] £EHIL Jlon, YA 40%
and Galactas, 1987). 3| F5=Ak o] JAY4LE A A = of| 2J3tH = O R AlxE o] AF M7k Soll A=A ok 1Y
U QBT RALE] o] AAERS 2006 7|22 oF 3,000 M/T U SE, ookE, tAE w8 9 A7|FE SOl ARREE
NE7F e 9 A SEAES g RE o] oEstal Qe

Aol

A& o|th(Korean Fisheries Society, 1998). Z]Lofl= 3| ] A7}
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SE7HAH Y] Y o' AlFAE ST o duleko]
A3s] FraxE]o] 2|9 o|WlE9] A1 &4 o] WAystarL gt w
2hA] X 7]E0] AXFE WA ghd AAbell =gk AlFAR 5
7HAE S B8 M2 AlEe e 2asdo] tiREa ol
ch.

FHYR R A4 2Efo] oA THL 136-D-
galactose®} 1,4-L-3, 6-anhydrogalactose”| 2|2jAre&2 Agt
%] o] agarobioseE ©|F 11, agarobiose’} HFEA 02 AT
of Bakero] Seutol ] AIRHE o] HAA B riekrol
™ (Araki and Hirase, 1960), 27 %=, Hx= 9 3 &= 2}
2] ©]£4& Lepck(Suzuki et al., 2001). E3, FHAL of
7hm20t otz 0 7 AR o] led], M= A, A
of 9l 3hH O] Y7 5ol whet oh=uf oF 7:39) vje= A A 9l
CH(Tagawa, 1966; Kang et al., 1985; Yoon and Park, 1985). o}
22l oyt dY Rl 2 Bxleks 71X v (Guiseley et al.,
1993), 47| 9 pyruvic acid 53} 22 S/ X771 A & 24
3}A] k=th(Duckworth and Yaphe, 1971). wfeha] o} 7} 2 A9}
opZf=HE O] 2/ HEof wet ] B4 AA EEilnt
31 H %] ¢lth(Tagawa, 1966; Fuse and Katsuura, 1967). o}7}
zZoE o EAst= FH4E7] Y pyruvie acid 52 5415k UEF
WE= H71% stol|A &40 o] Foll dFE & 4= 371 diizel,
Al 7] 958 ot e o2 EE A A3t 0.15% o]
5Fo] gHAb7] S UEh AL Qloh Al o7t R A AT
St FAMEEE S Abol| o]-8-H= Fg Alofoln, =& 7t
I = Q8 dAol e ARpA oz oprtm AS PAsl7] f1RE
T e8] KdE A gl

of7FR= A 0] AL opA| A Stof| O3t of7fE= A Yl of7pR
el o] E8 W (Araki, 1937)7, A A3l =2t o|&
%t B (Glickman and Shubtosova, 1957), 45 94X & A4
H(Hjerten, 1962), Zg]o|dd Z2]& HAH(Russell et al.,
1964), tjH| 2 A 1-2-Alo] = (dimethyl sulfoxide, DMSO) &%
W (Tagawa, 1966), ©]-2 W <= (Zabin, 1966), U & A=
o] E A Z ¥ (Azhitskii and Kobozev, 1967), 584 X XA & 0|
451 S 2 (Baterling, 1969), o}=.2]+(acrinol) 24 H (Fuse
and Goto, 1971), 21 2 20}& 1)1 (Izumi, 1970), 7] €l-7| EAF
27 ¥ (Allan and Johnson, 1971) @ o}7}2 A 27 ¥ (Patil and
Kale, 1973) 5 oF 4001 7}x] 9] ¥iwo] A& A glov AA| o=
AJARS A o A o) A FA A ZF 7] ollA AAA 7 e = B
shal glonmg LAl A 7ledt 3782 & A Al
=
op7tE A AAMR F DMSO & o7tz A5 Ad
o2 g7l HAS 713 DMSOS| 1AL ol
d| =& Alto] W=, A2oA AstER] bethe %
7FA AL Qltk. T3, DMSO g o] W =443 w2 3 5
oA otz HE S FEAZ 4= Qlo] o7tz 28] BAkS 9
3t 8o 24 2-8-0] 7}55-5lth Kang et al. (1985)3} Yoon and
Park (1985) Aol 4] of7k 22 W o7k W €] O] Z2/dH] Ao

52 2o

o e
tlo b &

DMSO &% o] A& 11, 2] Jeon et al. (2005)%= DMSO
FEWE o] 8T A7 D58 oFR A AR f13F A7 A
T EGlou, sby] ko] 0.29% 8 Al op7tE A0 £ 4=
ol vAA] Fkint.

2, Baterling (1969)0] X 113t £-8/ X[ XA & o]-&3t &
ZH -2 5174-S ethylene diamine tetra acetic acid (EDTA)=Z Al
2o} A7 E A AL, AR R uE Ao o7t RHE S
St YElE AEoto] ek o R AE A5k W o]
o} ey o] HH-2 EDTAS] At Al & of] &f gt ghd o] 7
B2 17} = o7l2 A A 27 E7F58 (Do, 1997), EDTA
o er 3t G| A|A ket 22F0] Hold Wl Aju]g- 5o A
A& 7HAAL Slo] EDTA A 2jA|7ke] 24of| whel alete of7f
220 Ao 5851 3-8 4= Utk

wpepa] 2 Ao A= A FA ST REE S
5t & YA A o] 23ke DMSO &% 3 EDTA 424
1H-83to] Al o7t A Al 23t & A=A 57
71 S-8-2 flote] 11 FAE Bl HESHIT

rol

1o o
o o

Mz H SE

M =

AlF=At SZ7MA = AJFA] s of EANA] AT 3
PR PASEL, Ax2FYE 53] yhEsto] SAg o3 Ug-
Pt A AMgston, R AL 957k = A gl
Ashs PFTHH A Fdske] Aol ARE-sHT. T,
S AFEOZA AMEE A7 Y58 ol7}= A& Seakem LE o7
ZA(Lonza Co., USA)E 7¢l5}0] vl a- 24319t

N Pohroot

-

[RLESS[ES

—

Az BE 30 g0 $E7HAHE 1 L g7}k 5017t Duran
ol F3}al 98% 2] SH4H(Daejung chemicals Co., Korea)< ©]
4-3}o] pH 42 Z&3t = autoclave (HS-60, Hanshin medical
Co., Korea)ol A 120C oA 1A &3k 7H) &3¢t 1™
U 1 N NaOHE ARE-SHo] S3kA17]3L YA 2 o= ofah-3-
A F2 em A O] P2 Aekqit) o] 20T ¥
Fa10] 515 FoF FAN T ASole] g 33 AR o
+ 2571(W-100T, Hanil, Korea)5 ©]-§3to] 42 |45}
3L, 80CAA Az & E4Y(1093 Cyclotec sample mill, Foss,
Sweden)s}$i T,

MEE SHHoZHE OFIRA MIE

o7tz Az 2717 o w 27 Az =,
DMSO F==H-2 3H4 10 g& 200 mL DMSO (Daejung chem-
icals Co., Korea)@} &7 Ao A 2A]7F 2HIA| 7] T}& YAIE
2](10,000 X g, 30 min)d}e] 4F3-ol5 3uf| Fu] 9] obAEe] &=
Aoz AANT, AAH ophRAS oPHECR 53] AH
stk o] % 81 F3 55715 AHg3le] 40T o]t Lo
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s, DMSO 5% 9 EDTA 4412 Waa 5274
DMSO #2477 525 Yoz ophrs
0.01 M9} Na,EDTA-£-9 200 mLZ 3} wHks}

7 seFe A old £S5 =4 7](FD-600, KETT Co., Ja-
pan) ARE-5to] A3t &417] $FeF Dodgson and Price
(1962)¢] "ol whet Z7gsk¢ich 3 mge] A|&E 1 N HCIZ
105CoflA SAIZE &2t AF 7FE-8l Al7]aL, Y4lE2](10,000
X g, 5 min)aFo] A= 0.2 mLL #3470 3.8 mLe] 4% TCA
Go1S H7ket ¥ v]e] ZuE BaClygelatin Ao} 1 mL (55
% 400 mLo| gelatin 2 & Y31 65 CoA] 83 & 4T A 3}
SR AR F BaCl, 2 g5 =21 3 2417 ®pAgto] A 2)E
A7Fste] 20 71 WA 5 T2 spectrophotometer (Libra S22,
Biochrom Inc, England)& ©]-8-3}o] 360 nmojA] 45 =
ottt A KSO5 E5 FAA LR sho] ALbslal
o} op7b= A Bk tha i o] SA5HITE e 10 g2 304
©] DMSO&} 917 /=20l A 2417t -8l A1 7] Tha e Ale] stof
A5NE Foklth 4SS 55T o2 3u 9] oA EE A4
5] 7ksto] op7tR A FAAIY] & ol skglch 1| ohE 40T
ool A Azt HET o7t = A g Attt

olo

2% = Guiseley (1970)9] W of what 1% (wiv) A&
917 1.8 cm A|E o 5 mLE 233131 20°C Ao
EERRETREREE FEEEERE SRR
%] 98 ufe] £E8 33 Z4elo] Hagho2 Uehng]
32 =+= Praiboon et al. (2006)2] 4ol uhe} v 2
3Tk 1% (w/v) A& &85 974 2 em 2235 A
o S mLE &5k 20°Cofl sk {A|stal, H8-71%7](OF-
22GW, Jeio Tec, Korea)ol| FR oA 1A & 25 A A35| 7}
sjo] A2 Ao] WolA| = LS 38) ZAslo] FFgom

EHL A

L do x op
LN r 12
5% e X

o]

n

A7} == Mollet et al. (1998)9] W} o2 BA59T) 1
Po(wWiv) Az 8-S €7 5 cm Y53 590 3
3L 20°C Aol A stk ®A|sto] ¥ 2 H|EHTA
Micro Systems, England) 2 stct7} =5 238}t

DNA Z7|8S

0.15 2 030 2] A|22 15 mL TAE buffero]] 83|47 A<
A& %, 27+ 1 kb (Biored, U.S.A.), 100 bp (Bioneer, Korea)
DNA ladderE 3 pLA F¢35to] 100 VO A A A A7)
Al7] & ethidium bromide = ¢ 5}o] Hels}ict.

Table 1. Properties of agar extracted from different Gelidium
amansii

Moisture Gel Sulfate
content \(f,f')? Ag(ao/rc;se strength content
(%) ° 0 (g/cm?) (%)
Jejuagar 65:09° 445:09 58.8+1.7 535:161 0.8:0.03
M‘;g’:rw 6409 44.1+22 653:2.3 258+18.1 1.2:0.09

"values in dry basis.
*The data are represented as mean + SD. of triplicate data.

*C NMR spectroscopy

DMSO-d, 700 mgofl 30 mge] A28 S84 F ez
Astof| A A7 5 H 2337 (INM-LA400, Jeol Ltd., Japan)&
AHg-stel 245t

QURtE R A

[ty |

A4 Kim and Son (1997)9] 1ol whe} A&+
AR A3 ] 7 (Field Emission Scanning Electron Microscope;
JSM-6700F, Jeol Ltd., Japan)&- o]-&35}o] A& YA} TS T
Foloih. %, AR E FATZNC] $1E 8] AAAT
Fhi elo)z 7t Rape 2] AR do] R X ¥ palladium mix
2 F83lo] 100 € 500 vl&2 FHT2E BAEA)

HZ BiFo| 228k +8 U 0l2A B2

AFA 9 BE2FA SETIAE| REE 25 FAIT $
& 4 optE A TR Table 10 YA T A5
9 1234 QR7kAbE] ff ] RS 2442 6.5%
4 64%% T Zpol7t gllen, ¢k AT 242 44.5% 2
44.1%5 48 g np I &2 2 2ol HolA| ¢kttt &
o, B2 27 8 Q] oprt R A ko] 65.3%
2 AFAE 2T R gk Q] ofrtE A $RK(58.8%) Hk
A Ut

MZx5t 5HEO| 2 2 2 SpAby| B2t

Al 8 BRA S5 R R e B A 7
S Table 1o} Urebol ek, A4t $-527b412] ol whaie)
ZEL 535 glem’O.2 B2 A} S5 TbALe] Qe §HH 0] 258 of
em? st 26) o} & Zhe e etk A 2] e 2%
Q1A= B0 A sh= 3H47] 9] geFu} anhydrogalactose 2]
o 5o dEA ok AlFAF ST fref S o] St
7] S 0.8%2 2L R7MAR| O] B o (1.2%)
Bk 3o 71 YelY Qich(Table 1). Kim et al. (2000)Z} Do
(1997)9] Aol M= FUAr 7t =5 E Al TS
7] dgol 1% o) gl AN, & Atoll A Al ek g2 1

Ty T
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Table 2. The physicochemical characteristics of agarose prepared from Jeju agar by different extraction methods

Moisture content Yield Gel strength Sulfate content Melting point Gelling point
(%) (%)’ (g/em’) (%) (0 (0
DMSO 6.0+0.6° 57.6+1.2 1386+18.7 0.45+0.04 95.3+1.6 34.0+0.4
DMSO EDTA Washing 6.6+0.8 57.1+0.2 1365+13.5 0.06+0.02 95.7+0.6 33.7+0.6
Standard agarose - - 2168+20.5 0.05+0.01 96.2+0.3 35.7+0.06

"values in dry basis.
*The data are represented as mean + SD. of triplicate data.
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Fig. 1. Gel electrophoresis of 1 kb DNA ladder marker (from 205 bp to 10 kb) was fractionated in 1% agarose gels prepared from
DMSO extraction agarose (lane A1) and DMSO extraction and EDTA washing agarose (lane A2). 100 bp DNA ladder marker (from
100 to 2,000 bp) was fractionated in 2% agarose gels made from DMSO extraction and EDTA washing agarose (lane B1) and
commercial agarose (lane B2).

Hop oo oS et dletl, ol P Alx A Sk Bl W 54T 52 3 oAk ot e S EeA|
O SAS 9IFE AT 3 Al I F ST T B AlEel A 5= Qlo] ok R A0 ARS 91t Gl =4 §-8-¢] 7hsstch
olsto] o7t =W E 9} & A7 7} 0‘%}%1: AA EH AR A Kang et al. (1985)3} Yoon and Park (1985)2] ¢13Lof| 4] o}7}
ZHelet, o)) Alzg ehHe] A e B A ek 5 oolst 224 Y oyt R A E O] 2AJu] o] DMSO & o] A
A EAS S & uf, AFAF 7 R2 A o LA, F Aol st A7 958 o kR A AAks flst
7hAbE] Bt of 7t R AL 228 YREA Attt Z2BHE @ o] DMSO &S 485190, A7 gheFo] 0.29% = A
=5 AT FoprtR A0 FA froll= A A] Eshitkal kil glot
(Jeon et al., 2005).

S, B84 AAAE o] &3t o7t = A Az S
sl = EDTAZ A Hsto] A7 & AlASHL, 418t ulE Aol of
ST NERE S FAA7]E Ya)E Agslo] Aek olRAZ A

DMSO #E&H2 o7t 2AE A4 02 A 7]= d4S %3H= "l o]th(Baterling, 1969). 12U} o] WS EDTAS)

717 DMSO9] 1153 4-& o] 83 Al 5 Algto] w2, ZAZF A HA] 3 9 7t RS 2 T o7t 2 A A 27 B
Aol A AstE|R] theths S 713 9tk = DMSO  5381K(Do, 1997), EDTA Q] €F4%t 3haly] AlA & atel 22t
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Fig. 2. "C NMR spectra of the DMSO extraction and EDTA washing agarose (A) and commercial agarose (B).

Ao % AuE 52 S 7HAI AL 9lof EDTAS] A2 A1t
2o] mt Bt ot o] Ao F-E5HA 582 <= 3l
=

whebd £ ATo| A FHORRE opRA AxA S8
3 4+ 9= DMSO %47} DMSO &2 o] EDTA 5-413%

(DMSO 3 EDTA 4§ &) 2gle] 145 ¥ opr}
28 AL F |3k B4 uaL A =kt
rESlE U 48

A FAE 927 G SHH o2 HE DMSO v &9
3} DMSO 5% Y4 EDTA :A1& W83t WS o] gato] A=
gt OF7} R 2 0] S5k Bl =82 Table 20]) LR $itt. Table
204 Hi=ulel o] DMSO &4 ©HE 0 & o/l 2AS A=
3k 70 2= H3leko] 6.0%%.2. 0, DMSO %2 4 EDTA 2249
S H8ote] 223 ot R A S EFEE 6.6% R O =%
T} 2280 2717 v o 2 A 23t ojrteE A mE AET) 559
ol o] 9l=tl, DMSO & Huko 2 A 23k op/h = A 57.6%

1, DMSO £ 9 EDTA A 0.2 A %3t oprpz 4 9]
57.1%2 F Zpol= Hoj 2| 4] ¢kotrt.

A SEbAe] o) S o REE 2744 W o R A2
3t o7} 0] BAL| Bk Table 20] LERYSITH DMSO 2

SHOZT A 23 ol7f = A 0] ALY B 0.45% 2 AT
& ob7hza0) A7) e 7129 0.12% 1T} o) & ke
Uehl g0, DMSO %% 2 EDTA $414& A85t0] 42
3 oPFRAL 0.06%2 A% ol7hm Aol ul e 4] B
AE YER Itk DMSO &1 e 20t 37| ghefo] W
AUEE OPZFRAE A5 of B o]f= Y 24 &
ol 71sk= Ao ® FAHHE &, o7t A9 oyt R AR 0]
e Ao 7 B1A5HA T H A5 =(Amot et al., 1974;
Corongiu et al., 1983) 3-4-& DMSO= &-3j5}H, of7f=2 A
o A%t Y ot EE Zro] F2jE o] DMSO -§ufjof &
Atz whZoll FAb7] 9] ko] 2 Ao® FS5Hh 34,
Baterling (1969) 91-of| A 342 0.02 M EDTA g-2of A 2
7+ wEbSHA, 3AE7] 71 0.97%0) A 0.15% % AT AL Bl
o, Do (1997)%= EDTAS] 7}4-E38) HH2-0 2 Ql3f oprt=
20| A7y 7) p4stgikal Bagh vl gl EDTAS] 9] %t =)
A7 AIA BT = op7kR27E oA E A o= A 0] {
&-271 o] EDTA 1yt A& o o]sto] o7k 2o b6}
o7tz o] A o]gslaL, ol&e] EDTAS] Zeo] & A&}
1sto] otz HElof] A 5t= SM7|1E A o2 A AT
Aoz AR ET

A g

A=A 27 A ) o2 DMSO =1
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Fig. 3. Field emission scanning electron microscopic photographs of agarose powder obtained from DMSO extraction and EDTA

washing method (A) and commercial agarose (B).

=

DMSO %% 9 EDTA 414 & 183ko] Az op7hizsol
7 7} Table 20 UEhf it DMSO &7 o 2t 423
ol7}E A0 A 7w = 1,386 g/em’= DMSO 5% 2 EDTA 4=
Ao R Azt of7k@ 0] A 71w (1,365 glem?) 2t A7 &
< k= Ui Sl=tl, oli= EDTAO| oJafjA of7f2A7F d5
7Hi) Hhgo] Yojuf DMSO ¥ &Y 02 A 23t o7}
22 WA Fwrh dobd Ao Azt 7] K A7A
THKim and Son, 1997)9) 4 & o}/ 2 AE EDTA 20 & 33]
A3 79 A7 EE 618 glem’ol| A 527 glem’= A5}5HSiTt
= 237} Sltk. webA], EDTAE op7t2 2 Al zHo] 483
oz oprhi ) ZhRElE Lejste] AP AR ot
25 AlA sk Zlo] Fasittal & 4= qlo}. 3hd, 2714 e
2 AZG ophR A0 2 4w i AWbAQl Al W optE
20] A 74w 71591 >1,200 glem® Wk 2 h UrER o] &
FSteka AT,

AlFAL 27 el o 25 E DMSO F& Wt

DMSO % 9 EDTA A& o] &5to] F&3F o7t A9
Fofl>E 9§12 %= Table 20 YElrt. 2714] o &
Azt op7kE A 0] F3l 2= oF 95T FH(DMSO F&H:
953, DMSO 3% 4 EDTA $:A9: 95.7C) 2.2 H]$3}t ¥
AE Yt ol A1) AA ] e o= H3}= vn|
Stk As o = Utk Tagawa (1968)9] Aol A= 459
S-S opfR A} o R VS B & §o 2EE S45)
Pt eI ot R A Fol 2= WIS UERA| ¢
kil Harste] 2 Aol 2 AX|sgict wheba] gl
Asks ol #ofsh= 4l7] 9 anhydrogalactose 2] FefH o} gt
A B 7P 2 S W AR FHHE 4, 2714
HHH O 2 A ol7t2 A0 23125 (DMSO ==H: 34.0T,
DMSO %% 9 EDTA $=AH¥: 33.70)% a2 =9} upakr}z]
B Z Zpo]7} gl o] 4] Autel A DMSO &1} EDTA =
Al & 3 3E o, o= A0 SAE| 2 0.06%, 531
L% 957C W S1% 33.7CE ATEL o2 A
FFL 0.05%, Goll2% 96.2°C 2 S 357C)9} SAFS

WG OPIRAE U3 S Ak SN A G B
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1365 g/lem’2 A|TEl= of7t2 A 7 7} (2168 g/em’)H T} B
2 ZHe YRSl o Akl Al W oprte A A A
71391 >1,200 g/em’ B} &2 2k Yehy o] Aglsitial Al
Hr}.

O7t2A0| DNA ®7|8=

FRORRE ot AE AET F A Hwst oFsHA, A

A
20 HEhE 7ot e WY &)

o] da#golt smiling BAbe] dojdtt. Eh,
& goja] oLt slicingS & wf £A|7} 2 = glo] A
Tt g2 optRAE AlRSHs AL v Fasiet AFAL &
Z7Hke] f3 e 25 DMSO &% DMSO % ¥
EDTA A O2 A 23t opfRAE 1% Fo] AR A4
o] A7]19E3 it Fig. 1A%} Ak 7|95 glof Sitke]
A& Eol] Fofahs QA= X7, bufferd] 557, Sk &
Age 27), optr A0 Fi, op7kR A0 EEO(-m,) 5°] 9l
AR dEA . optRAS A A7|H H7Hew F
A s 7H gAsket, o] R AEAAE v
AIgt 5ol AR Faf QlojA o] 7o) a7|He 22 B4
Lo IS dolE o U £=2 1 1S FIsto] o)Fot
Al ek Fig. 1A0]A] ¥ v} 2Fo] 1 Kb DNA HAS &85}
7] §l5to] op7t2 g AR M7 9% At =l AE
2 2bol7k lgleut DMSO T F2W o2 Al 23 oprt2 A
L DMSO %% 9 EDTA A o2 A 23t op7pa s Heh w
A AN =5 vebdiolaL, 3184 DNAS] £ej7t golshz] o
S5 ¢ 4 USinh 2, 271 W o' Al oprtr A A
7|9 EA AMEE Apoli= A7) Freke) 2polofA] 7]l El= A
o2 FAEh oo H7|YE W olsteba] A AufelA B
%] DMSO FZ3 EDTA #4134 Hste] optesg
AlZSHE AT I Qe o kR A} fARE A7 9% okR
A5 e 5 ASTE U 5 AUk wEhA AT SR R
] DMSO 5% 4 EDTA A o2 A3 of7pz A0} Al
I Y PR AE 2%0 TR A A4 3 os W79
ok A3K(Fig. 1B) DNA A9 o] £} 7 AR &) 1
2L A= B 27) 9] of7kR AT} fARSEe] DMSO &3t
EDTA $:A] W& &9 o8 423t opyt2 2t 4H88l7t 7hs
& F24Ye & 4 23Ntk Do and Oh (1999)= 2] 47|
7} £ 5= A Arofl ethidium bromide 2 &A1 & B A of| 2
DNA ©] 9]¢} H.Eo] A = ethidium bromide7} A 7] =] %] gro} 2
HA7E F39S s BE DNA #Ako] 2jlo] of okl 1
Tste], AntH o & oprtR A A H7| P EA] R ES st
£ 785 oPFE 2 B, pyruvic acid S 22 574411719
Fregol et Fdo] #9-Hoka & 4= ek

fis)

¥C NMR spectroscopy

Nuclear magnetic resonace (NMR)= $25&% 48] thd&H

O] xEAlof 7Hd mapAQl Wi o= e ¢l o t(Murano,
1995), & Aol A= Fig. 29} o] AlF4t ST 257
€] DMSO %3 EDTA A B8 & o8 A|23t o7tz
£0) HAEES B ke HPHO 2 AlTHEL ok A
9} 317 *C NMR spectroscopy S 4=85}9Ich. 2717 of7}2 A
7k gk 912" (chemical shifts) ppm> A 2] UX|5}e], T Al
BEdE FUT SRR GAE ot RAYS o 4 A
3HH, o7t 2 A= NMRAYO| A 1271 9] agarobiose BF4A A| 71
o] LFERLIoF BHAIRE, 2 NMROJAE 117) B4 A]1do] Ui}
Witk o] galactose®] 6% BHax Al 1 o] B B Al B
o} 751 e AA A Ao R ==t} Gamini et al. (1997)
L o7} 2 2] PC NMR spectroscopy #-4]3F 23}, 80C &%=
ZZ 0|4 D,02} DMSO-d,2] g-ujjo]] whe} galactose 2H €4
9] ppm shifts ¥ 113t v} Ql=H], & Aol A AAHY A=
galactose 28 EtA7) shifts] o] galactoseo] 61 BhAe} A A
Aoz Abm gt ghd £A7F 270 9] o7k 2 B agarobiose
Bk 127)] 0] 9]o] 6-O-methyl-D-galactose, 2-O-methyl-L-3,6-
anhydrogalactose 51} Z-2 W[ 27| &] = AEEA| ¢St

OIXtE™

1z

HI

SE7MAR 2EE S A2 o Azl whet ¢
A FHL 02 25 YeRdt L g4 Qlok(Kim and Son,
1997). DMSO %% % EDTA $AH o2 A 23t op7f2 A 2
Az EHA 0] Gal Af vlFo] w2 uht el 22 PR
ZA5H9 o (Fig. 3A), A== ot AE W =3, o
O] 7|53 R - o] ¥E lth(Fig. 3B). 259 ob7F= 2 QA &
Ho| 25 thE A2 A 7]QIgt Ao R g7tEw, o]y
g A2 A7 G A AFA Gl ol FakS v
Qo] AupA o g A A& A A7t T 2% Martd 4= ok
., op7kRE A 0] galf A7) Aoy of upat guf o] Fitko] wo
A AREAE Yot AY) kT ol 4= gle g X7
5 22 AJof| of7FR A 0] A4St B8l A% a4t T 4 Q)
T},

oo AutE T B, AFA SETHA 2 EE
DMSO 5% 9 EDTA AR O & ARGk of7f 2 A= Al hE
I Sl op7FR A9} o]3lehA B0 A 2 Apol7t gl AR
LRSI whaha] 2 Aqtol] 2851 A7) of7FR A Ak W o
2 ¥ 371431 Scale-up A3 Fo| HbHTHH A FAF S5
TIARR| 2 5E 21 of7FR A0 AR At AiAte] 7St
2} ghehE o

Al Al
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