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Summary

Agar was prepared by acid hydrolysis using sulfuric acid from Gelidium
amansii collected in Jeju, and their physicochemical properties were
characterized. Agarose was also made from the agar through the consecutive
refining processes of dimethyl sulfoxide(DMSO) extraction, distilled water-
and ethylene diamine tetra acetic acid(EDTA)- washing, and their properties
were compared with that of the standard agarose. The gel strength, the
melting point and gelling point of the agar in this study were gradually
decreased, but the content of sulfate ester wes hardly changed with the
increase of the quantity of the added sulfuric acid. The agar made with 30
L/L(pH 3.28) of the sulfuric acid was further processed by consecutive
DMSO extraction and Na:EDTA washing. For this agar, the content of
sulfate ester was 0.06%, the gel strength was 2111 g/cmZ, and the
electroendosmosis(-m,) was 0.08. Those properties were similar to that of the
commercial agarose which was used for electrophoresis. The purified agarose
in this study had lower absorbance in terms of gel transparency and had
higher transparency than that of the standard agarose. Also, in DNA
electrophoresis, the separation and movement speed of the purified agarose
were similar to that of the agarose on the market. Under the FT-IR spectra,
the purified agarose showed similar transmission values compared with the
agarose on the market. In case of S NMR, the purified agarose had the
same carbon peak to the agarose on the market. When observed with
scanning electron microscope, the agar had even and smooth surface without
irregularity and pores, and the purified agarose had wide surface area with a
large number of pores, while the agarose on the market had irregular surface

to allow the solvent to easily permeate.



FE7HAME = A Y] S3 9 e FURRE o]&H= HiTtT Zx4E
2D, 24, dot=g7t, =, &, vt atE, A=Al 3 s A 2y
of aHell wxat UATHQ2). HFFAF AQANFAA R o8t = 5%
ZhAbE] o] Atk 2006 V1= o2 °F 3,000 M/TeolH, o &
< °F 2,700 M/Te 2 AFE=e] At HlSo] v w2 ol

A Il ST S oF 60% = Aol AERF e 2RI dHE
T 7hEEHo FEHL e, yrA 40% AEs e AxHo AF H7t

5

= ool MEa dnh v S, o ofE, mAlw wiAE % 79

A2 HE I FEY Ao = AL 1,3-B-D-galactose®} 1,4-1L-3,
el

agarobiose= ©|F1l, agarobiose”}

< o|stetA o] dAA Q] ofrtE 28} oprtRHY o R FAAH] J=dH, FAH=
A, Al 32 el A5 Sol wep 2y o 7:39] HleR dEA ATHT-9).
o7t~ olrtE 9 el Hul 2 BEx#ES 7ExH(10), 7] ¥ pyruvie acid
T 2E S48 A Y EASHA =k, wEpA oprtE 29k ofrt 2
o] 24 vgd wet sk A4S A ety B EATHT7,12).
ol7tzHele] &A= 47l 2 pyruvic acid 52 SHEE YRR A
717 st Z- 9 olFe YIS = F AV wWEol, AR AV EE o=

2 opZtzA" S A 015% olste] @atry] dFe dvEbal o aise
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Rl R TR

op7tz 2ol AP ofAlAste] &3 ofrfm s B oprlm el 9]
(13)3, Ae#l ga=xE o83 W14, 49 dEw JAWA5), &Y
A =gE FANA6), duld Ay SAo]l =(dimethyl sulfoxide, DMSO) &
(7), ol wAFAHAT), dEF HFE JHAWAY), &84 AAAE o
T2 19), o2 ¥ =(acrinol) MAH(20), A ARZvEIHI (2D, VW - I E
22) D olt= A HAR(23) 5 oF 409 7HA9 wWo] deA doyt
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8ol 7tedttt. W AFolAME ofrtm 2 Bl opyfEEE e AW A
DMSO FE®ol AHEHAI(B-9), H2 d (24 ¢sjAx DMSO
|3 W79 EE otE2Y AAE g A7 AR HAou, A7) § o]
029%=& Al op7tm 29l Fd FFE= WA A ZstiATh

¥, Baterlinge] A=3% E&8A AXAE o8& FAHA9ILS FHHE
ethylene diamine tetra acetic acid(EDTA)Z A& &to] 32712 A A3FaL, $=41
st FrjE Aol o7tz E S F3ste dEE AE5te AL opRAE A
z3he Wolth Z#y o] WS EDTAS FAIzE AlF o] &3 3hd o 7k
Be of7tE 2 AZR7E E7Hes(25), EDTAS g4t g4k AA

= L kel
el zzhe] Hold R ARE o FRe 7HAAL 3ol EDTA AHEAzte] =
dol| met aeE oprtr o] Al & &8 vk

Ao] glom, B HHoz AxH o/fEAE ABH I

A
Q= EE obrbEsst EFAL Wl RS



HNEA s FelA A, AR Rkt o245 AAS & TS
2 FAsta, AxFgE 53] Wt dd] g% o A8 - BASEA AL
L3519y, 28T F2E TEZo A AlEH AV|AEL ol7fEAE Seakem LE
agarose(Lonza Co., US.A)E FYste] vl - #4315

2. AlEut

D A Az

g3 Ax+= Fig. 1% 2ol san. =, dx Bad 30 g9 $Z7HEE
Duran® ol #H3alx 1 Lo E9 98%<9 &2HDaejung chemicals Co., Korea)=
0-150 pL #7}3+ % autoclave(HS-60, Hanshin medical Co., Korea)® 120 9l
A1 AR et kSt FESh 19 o 1 N NaOHE AR&-3te] F3h Al7] 2
Ud2 do=z o3-S ARl & 2 cm AS5HAY FHZ ATt o

20C Yol S BE BAAN F ABH Be 23 AN 0E °

S

71(W-100T, Hanil, Korea)S ©]&3lo] &S A A, 3HToA Ax & &

L

(1093 Cyclotec sample mill, Foss, Sweden)3a} %] t}.



Gelidium amansii

Used water and sulfuric acid

. in duran bottle
Extraction

Used an autoclave

at 1207C for 1 hr
Neutralization

Used 1 N NaOH

Filtration
Used nylon mesh

Gelation
Kept in room

. temperature

Cutting

Sized
) 2cm x 2cm X 2 cm

Freezing

Used a deep feezer
i at —207C for 24 hr

Thawing
Left in room
temperature

Washing

l Used water 2 times
Dehydration
Used a centrifugal
. dehydrator

Drying

Used a dry oven at 35T
Pulverizing
Used a grinder
Agar

Fig. 1. Flow chart of agar manufacturing process.



2) o}7tE 2 A Z
ol7}2 2~ A|Z+E Fig. 2014 HiE wpel o] 37kx oz =33
5 g2 100 mL DMSO (Daejung chemicals Co., Korea)o} &7 A oA 2
A ZE HEAL 7] ohg AR 2](10,000 x g, 30 min)dte]l AE NS 4u) F-3] o] o}
AEed sadom A7, JAE optr2E oAl Eo® 33 AlHESH.

olE 3 FTL TF7IE A&l 40T ofst 2ol A et Hdxsk sl thH(Method
X

A). oM Ed HAH oZfRAE 100 mL SHFE SN wwreta, A 23]
AA STHTE MFH T o5 tA] ofAlE E35te] 40 T olstoll A ek AxA]
71 W (method B)¥, 0.01 M2 NaEDTA (Daejung chemicals Co., Korea)& <}

100 mLZ 854 wukslal S/ 2 33 A3 & o]E tA] ofxEo g E3)
o] 40 C olatol A 7Y Az W (Method C)o2 AAAAHS A3 319

e

a2 KjeldahlB o2 FHAALE AIFsto] I kel 6259 ALATE +

sto] AEstion, 23w AA3H o SAHSATL6).

3mg A5E 1 N HCIZ 105CoA S5AIZF &t AF ZhH-3&) A7), YA+
(10,000 x g, 5 min)3te] 45 H 02 mLES F3kal 3.8 mLe 4% TCA &4 =
7Fsk & wlg] #H]%® BaCl, - gelatin A12F 1 mL(55F< 400 mLel gelatin 2 g
Yl 65Tl &all § 4TCoA shdr WA 5§ BaClk 2 g= =< 5 24

b At AZ2)E Hrkele] 2033 WA S the spectrophotometer(Libra S22,

o

f

Biochrom Inc, England)E ©]&3}¢] 360 nmolA FF=E A9 A=A



Agar

Stirred in 20 — fold of DMSO

l 25-307T, 2 hr

Centrifugation

l Used 10,000 X g, 30 min

Supernatant
Method A Method B
Precipitatation Precipitation

Used 4 volumes acetone

of supernatant of supernatant

Washing Washing
Used acetone Used distilled water
3 times over night
Agarose Washing
Used distilled water
2 times
Dehydration
Used acetone
5 times
Agarose

Fig. 2. Flow chart of agarose manufacturing process

Used 4 volumes acetone

Method C

Precipitation

Used 4 volumes acetone
of supernatant

Washing
Used 0.01 M
Na,EDTA
over night
Washing
Used distilled water
3 times
Dehydration

Used acetone
5 times

Agarose
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1.0% (w/v) A& |AS Aol 1 cm A9 Ao BFe 247 65T 2
0C® +%E5 1AHI T spectrophotometer(Libra S22, Biochrom Inc, England)
X3
=3

FreE FAstol gt = HERH ATHE0).

AZEE 15% (w/v) A2 €98 94 5cm 983 &9l 30 mLE 532
20C Ao A st =vAse] g WENTA-XT 2, Stable Micro Systems,
England) & Jd 4 =5 =43 tH31).

8) Electroendosmosis(EEO)

0.05 M$] barbital buffer(pH 8.6)& AF&3}4] 1% (v/w) o722~ AS A %3,
bufferol] &&A171 10 mg/mLe Y XEH(dextran, Sigma, US.A.)¥ 2 mg/mL2
A H-w (human albumin, Sigma, U.S.A.)S o722 =(hole)d]l 2z 3 uL &
15to] 50 VoAl 15 Az &< A719ES otaith ol 5¥ dextran ol gkl

H
WA A A 2elslal human albumin< amido black(Sigma, U.S.A)S 2 A2 A

o

o

2% olFd AdEs S48t EEO(-m)E T3k UHH32).

9) DNA #7495

0.15 % 0.30 g9 Al=E 15 mL TAE buffero] &siAAH A& 439
kb(Biored, U.S.A.), 100 bp(Bioneer, Korea) DNA ladder= 3 uL & FY3Fe] 100
Vel At =xolA M7 A1Z] v ethidium bromide® A Asle] 21kl

—

F, 771

ro



10) FT-IR spectra
FT-IR(IRPrestige-21, Shimadzu, Japan) =742 2.0 mgel Al&5¢ 600 mgd
KBr& 233l pellets #| 238k thg A5 T)

11) C NMR spectroscopy
DMSO-ds 700 mgoll 30 mgel Al5E &3Az & A3 A 7]
250 7) (JNM-LA400, Jeol Ltd., Japan)< Abg&3te] =43t}

AEFALA A v]) 4 (Field  Emission  Scanning  Electron  Microscope;
JSM-6700F, Jeol Ltd, Japan)& o|&3le] A8 94 Zwde R, =, A
55 TAAx 3 TS &H3] AAATI L M2 HolZvt FEE T AR
o]l £33 % palladium mix= "3k x100, x500, x5000, 10000 ¥l &= 3*
HH2E A3 ATH33).
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Table 1. Properties of agar extracted from Gelidium amansii under different sulfuric acid conditions

H2SO4" Sulfate ester Gel strength® Melting Gelling _

(WL/L) pil @) (g/cm?) point® (C) point’ (0) Yield (%)
0 7.29 £ 0.06 0.88 £ 0.08 167 5,0 99.3 = 0.3 35.3 £ 0.6 41 1.54
15 5.46 £ 0.04 0.84 £ 0.12 937 £ 7 95.2 = 0.6 33.5 £ 0.0 44 £ 0.92
30 3.28 £ 0.04 0.89 £ 0.16 i - 4 94.5 = 0.0 334 + 0.3 45 £ 0.50
50 2.88 =+ 0.03 0.75 £ 0.08 648 £ 112 93.3 = 0.3 32.3 £ 0.3 47 £ 0.31
70 2.68 £ 0.02 0.75 £ 0.04 513 £ 28 92.0 = 0.0 31.6 £ 0.3 47 £ 0.60
100 253 0 0.83 £ 0.12 390 = 10 90.0 = 0.6 30.6 = 0.6 46 £ 0.45
150 2.35 £ 0 = = -

“98%.
>dA]l samples were measured in 1.5% concentration.

“Not gelling.
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2. 8™ of7t2=2o| 0|5lstH EM

FH AEA FAS Al BAL ARG Folal stel HA 84S FUA
A3k B oprtms Alzel AP AL HHS A7) gaAolth & Aol
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HE BE ol 2] durdel ARE(1% FE) 27191 1,200 g/em® o]4te] bs
gt Aol A=At Bt ko] 15 pl otz H7hste] A x£d FHE o] 835
ol7t2AE A XA FIMEETF Fol MVIEE AR ARGl offil, 50 ul ©]%
A7vete] A xF FHOoEHE FAG oprfrie WHE HVFEE oPlR2E A}
} St th(data not shown). WehA 2 AFo|A= o=~ A
AL 2 AxA] Hobste S &S 30 pb= ek

g7 AYE

N

AT SEZ7AEFE Az dHS 94852 e DMSO &3 $/HT %
NaEDTA AAM o2 A3 37k op7f2 9] o|3tsk% 545 Table 2] e}
AT

DMSO F%H(Method A)S = A|Zx3 of7fm 29 A7) 3HFS 055% = 3

o
20
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Al A o}7bR 2 §tel A EAEE obZFERIARE FRHGT uyk 5o FA o3}
o] olZtZ2 AR HRE A olgste] Eof dF &aF 7] wite] Ak ko] vro}
2 Aow AR HL

3, DMSOZHE FEHE o725 opalEe] JA3 thy NaEDTAR Al A
gkl ol7F= 2~ (Method CO)F Alzskitt. o] wl, EDTAC] 93 oprfz= o] 7h4e
A= HAa3ke7] $8] 001 M NaEDTA SH oz 1247 Fob Alxste] olrfz~

€ Az, o] WHor AxF oprtmiel b7l 2 37k AAEH

T 7P e 0.06%2 EFE OFFE2(0.05%)9F ALl HS=sk Az JeRyAdtt
Baterling(19)¢] dolA &= 3HdS 002 M EDTA &Ho A 247F wwkald, shak

717F 0.97%° A 0.15% = 7rAasttta B asgon ©(25)% EDTAS 7hia)
o= Qlel] oprfEse] AZErE Aasgivka BRI vk )tk EDTACN 23 &

A7 AAZIE 7IAFT vpst Zo] etz

FAE7b 5ol NapEDTA b A Hel] ofsfe] op7fm 2ol &Stz op7fz e o]

7 o]&stal, NaEDTAS A olE #8(19)7 W dsto] o7tz ele] 43}

GA7NE ERHoE AAF AoE AEEH.

7 oopAE Adow mude] we

37HA] W o g AA s ofrtE 2o AZRLEE BE 2000 g/cm” ooz a3

=

AZE(183 g/em’) T & UERAUTh AAWYE mE AR Ee] ol =X
gkgko}t DMSO %3 S5 A& (Method B)S Waste] Ax3 of7t=27t 7}
T w2 AAEE YT ol SRS A o8] Astso] k% ofrtmAR
o] AlAR uwe}, olrtZE 2o F FA Sl anhydrogalactose 39| $HaH] 7}
=olxl oz A EH, DMSO %% NaEDTA A% (Method C)22 #|Z3 o}
7F222% NaEDTAO] oJaiA A7 7b3] wgo] dojit Method B2 Az
o7} 22 B} AFEIL Rzt vrelxl Ao g AZHEY. E AFANIF FAHE A
Q

Hazh 71 | vk s, obtRAE NapEDTA S o= 33 A3 4

oﬁ?i

A7) gekel 220%01 A 111%% A Fasdi, AZEE 618 g/em’ol A 527
g/em’® Adet s AFsb Ah33). WA EDTAE op7bzz Azl 2
&3 o o7tz JMEEES mEsle] HAAOE ofEAS A HEE
ol Fasgk Aol & & 9l

AAE 3714 oprtm 9] Gl E 9 95-96TC 2 M=% WS yelo] ol
2og 5l gAb7)e] A7 e wE Fafek=e] Wate vveslth Tagawa(36)9] <



FAAE 459 BAL obtzag optEANS B F g RS SHRAE
d s} obhEo] g REE 2 WSE uehbd ggta nastel ¥ AT

s & Attt wHA e Astsel  #oste A7 o

e

Eo, A obhse gmeEE A F oF 2C 45
PN

o, o= otz d e AAC wE Astee] Foow A

B REL
bzl & % A FHEE opRs TAY ol9e] R, F $RIAYY
B2 R, opbR A, A% W BeH AL Sl ek #$Hv(30), FHE

0

= otE 20 FRHAR R E UEddal B v 2§ optERZ: A9 FF
E(0.D)= 01175 HEeEdRer, DMSO F%3% NaEDTA A& (Method C)oll w
g Az olrtz s Ao FFE(0.D)E 01042 EFE o7tz By ¢ @4e ks
Hetgol FE %7 Sttt As G SHH drlds 8 otRaE
PE7F ok 5%k o7 ARE AREo] JbedhHl,  Perlmane  ofrbE 2o
galactomannan< 7}l ¢S FwW3d AS yeldga B ow(37), i &
< opZtE 2o HE SFIS HIbEAS A =2 AEEE UElE 2 AFe] 7t
Totthal R =k Jvh38). meEkA & DMSO
o oJgte] AxF oirtmie AA FHEV =2 HOE AAI vIFo Il
e}
37HA oz Az olrtR 29 3 FFS AAd ot e I FEF
Hu faston oje oprfmAgl e 54 Vo Fr AFste EAste 3%
o] oprtm = Aol o) ofrtm ARl AAFHORA AT Aom AZFHAC
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H A7 EE oMREREE FES
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S
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B oAgeA &3 DMSO F+E3 NagEDTA A3 (Method C)& W3 d Wi 3
Aol 2 EAetE HEF oS AlAs7] of7] w25 A=
FZ3 F75 A8 (Method B)o.&2 A %3k of7fzxe] 3|87 ok
UEld ez ®of Ht)

ZUUAe 37k gANEe ostel B G AAS) dhde FBL
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o]Fe] AeA DMSO FZE3 NaEDTA Al 774
fa

C), ob7km o] &at7] FHeke 0.06%, A=

<= 3BTE 5 opFz 29t AR A71dew o7tz
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Table 2. The physicochemical characteristics of crude agar, purified agarose and standard agarose

Gel Absorption? Crude
Sulfate 3 Melting Gelling  (O.D. at 6565 nm) Crude Ash ) )
strength b e e . protein Yield (%)
ester (%) 9 point” (C) point® () (%)
(g/em®) Sol Gel (%)
Agar® 0.89 + 0.16 782 £ 4 945 £ 0.0 33.2 £ 0.3 0.048 0.185 2.52 £ 0.01 0.7 £ 0.03 -
DMSO 0.55 += 0.00 2051 = 41 95.0 £ 0.0 35.3 £ 0.3 0.004 0.129 0.58 £ 0.02 0.42 £ 0.03 56 £ 1.2
DMSO
0.13 £ 0.04 2187 £ 103 95.8 £ 0.3 35.7 = 0.6 0.002 0.114 0.42 £ 0.03 0.32 £ 0.02 53 £ 0.9
D.W. Washing
DMSO
0.06 = 0.03 2111 + 4 952 £ 0.3 35.3 £ 0.6 0.002 0.104 0.61 £ 0.03 0.17 £ 0.02 53 £ 0.5
EDTA Washing
Standard
0.05 = 0.00 2168 = 20 96.2 £ 0.3 35.7 £ 0.6 0.002 0.117 0.35 £ 0.01 0.18 £ 0.02 -
agarose

abe g samples were measured in 1.5% concentration.
daTl samples were measured in 1.0% concentration.

“Agar produced by adding of 30 uL of sulfuric acid.
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SEI 1tl.DkV X10,000 Tum WD 7.0mm

Fig. 3. Field emission scanning electron microscopic photographs of agarose

powder obtained from method C (DMSO extraction and Na2EDTA washing;
10000 x).
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3. @H ot7t2A2l EEO(-m)

7)ol el utgh Folzk el LA gl olsh wHlz dyme FIom

ol E3tH, Y 2ETT wpR AR ofrfE o] 3aly] kel Ml H o ® o] &k

off
off

o

E Uetdid. F, obtE 29 7] 3ol BEsE IR dAEGY §A 4
< H#HA R wE oF £2E UeiY, d2Ed] olF A(X)¢t HEE
gR o] A (Y) H&X/Y)olH EEO(-m,)E 34t7] ko] u g g,

371 A o g2 AHAG olrf2 A~ W RFE ol7tE 29 EEO(-my)+ 0.0, 0.10,
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A

Electroendosmosis (EEO) —~m_= X/Y

Fig. 4. Graphic representation of electroendosmosis.
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ELECTROENDOSMOSIS (EEO) -m; = X/Y

Fig. 5. Gel electrophoresis for EEO(-mr) using dextran and human albumin in
196 agarose gel at 50v, barbital buffer condition. A, Method A (DMSO
extraction, EEO = 0.10); B, Method B (DMSO extraction and D.W. washing,
EEO = 0.10); C, Method C (DMSO extraction and NasEDTA washing, EEO =
0.08); D, standard agarose (EEO = 0.08).
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Fig. 6. Gel electrophoresis of 1 kb DNA ladder marker (from 250 bp to 10 kb)
196 agarose gel at 50v, TAE buffer condition. A, Method A (DMSO extraction);
B, Method B (DMSO extraction and D.W. washing); C, Method C (DMSO

extraction and NaocEDTA washing); D, standard agarose.
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Fig. 7. Gel electrophoresis of 100 bp DNA ladder marker (from 2000 to 100 bp)
2% agarose gel at 100 V, TAE buffer condition. A, Method C (DMSO

extraction and NasEDTA washing) agarose; B, standard agarose.
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5. HH olZl2A2| FT-IR spectra
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Fig. 8 FT-IR spectrum of agar prepared from Gelidium amansii.
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Fig. 9. FT-IR spectrum of agarose prepared from agar by Method C (DMSO
extraction and NasEDTA washing).
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Fig. 10. FT-IR spectrum of standard agarose.
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6. ™A ot7t=2A2| BC NMR spectroscopy
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Fig. 11. BCc NMR spectra of the method C (DMSO extraction and NasEDTA

washing) agarose (A) and standard agarose (B).
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10.0kvV X100 100pym WD 7.9mm SEI 10.0kv X500 10um WD 6.9mm

0.0kY X5,000 1 urr WD 6.9mm 10.0kV  X10,000 Tum WD 6.9mm

Fig 12. Field emission scanning electron microscopic photographs of agar
powder.

A 100 %, B 500 x, C : 5000 x, D 10000 x.
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SRWY x
10.0kvV X100 1004 WD 7.9mm SEI 10.0kv X500 10um WD 7.0mm

it SN s ach Y e
10.0kv¥  X5,000 1um WD 7.0mm 10.0kV  X10,000 Tum WD 7.0mm

Fig. 13. Field emission scanning electron microscopic photographs of agarose
powder obtained from method C (DMSO extraction and Na2EDTA washing).
A 1100 x, B : 500 x, C : 5000 %, D : 10000 x.
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10.0kvV X100 100pym WD 7.9mm SEI 10.0kv X500 10um WD 7.0mm

0.0kY X5,000 mm_ WD 7.0mm I 10.0kV X10,000 Tum WD 7.0mm

Fig. 14. Field emission scanning electron microscopic photographs of standard
agarose powder.

A 100 x;, B 500 x, C 5000 %, D 10000 x.
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