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OPIE A v‘f—fiﬁ/&% Aedrdo] il ks W Ve sHE YRR AR ERE ofug} ulo] Qg
& RS st aR Uag VAR AEEHT 010% /BL St FES W3 Qi) ool wet /3 ool '
off tigt A7 Eis] = Qlrh. HE 2 AT E HalbelA At optelo]=E Aikels wAER]
Pseudoalteromonas sp-& & 3I3lth & AFrolA s SOl LA E o]gsto] m|AE ujekd o ZRE o7ty
SIARl w8 A 7bste] wljek AbSol o 2 HE]

ol=% wel AAlsty] S ARrtE Y] 2AE HAS) sigih. A ES s
A S sl o5 FAske] A4S A3t 5ol wEEAQl DEAE-Sepharose #%1o] 31
2o xa4ds 28] opfol=E Eelsiiltt. 410 pel W =Y Al F2el Adst Y pHe

7.5~8.0 ©]%laL, 27t resin®] F-I= 3 mLtt T8 §EoA SEN F2 NaCl $57t 71l wet &
EH @ oFo] T8k 400 mME] NaClollA Fojell Z313ith. HF5A 02 NaCl %5 1,000 mM7EX]
AgH oz F7MA7IH olrleo] =5 HE2IF3TE. Lugol 8-S o] &3 Ao ga|d Fo opyfeo] = &
A5 FRlskeit.

Abstract — Degradation products of agarose are biologically active and thus used as an ingredient in pharmaceuticals
or functional cosmetics. Furthermore, it has been strongly considered as a substrate for bio-ethanol fermentation.
Recently, we isolated new agarase-producing microorganism, Pseudoalteromonas sp. from south sea of Korea. In this
study, we aimed to separate and purify the agarase from culture broth of this strain. Separation of agarase was per-
formed by ion- exchange chromatography on DEAE-Sepharose resin. Equilibrium pH and volume ratio of resin to the
amount of protein were optimized for the efficient adsorption of protein. 410 pg of protein was completely adsorbed to
3 mL of resin at pH 7.5. The total amount of eluted protein increased as NaCl concentration increased to 400 mM at iso-
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cratic elution. Agarase was separated by linear gradient elution of NaCl (0~1,000 mM). Three major protein peaks were
observed and the presence or absence of agarase in these eluted proteins was measured by Lugol's staining technique.
Only six eluted protein fractions showed strong agarase activity.
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2-1. O|¥=E Wi =A

dal]l 2gtellx] el sk sk v AER] Pseudoalteromonas sp.
£ HioFste] eptelo]|=E AiteiSict. w=2] A k) &2 vl
T v HE ALYl om iAo 2/ (g/L) tris-base 6.1,
MgSO, 123, KCl 0.74, (NH,),HPO, 0.13, NaCl 17.5, CaCl, 0.14,
agar 3, peptone 3, yeast extract 0.20]CH20]. 4 N GAF 818 7}
&to] WiX| 9] pHE 7.0-7.2% W3=9It}. 25 mL HiX)7} 71 250
mL ZekATe) s B3 gycerol stock 100 uLE 45 *
Bl eF7] (Jeotech, Seoul, Korea)ollA] 25 °C, 180 rpm & 12A]%F
HiFatSATt. 60 mL ¥iAI7F $HE 250 mL EekAel & ek
3 mLAS AEske] 25°C, 180 rpmellA] B wjekS =38t 4
& WS TR the] W OE g Fo oprfelo]=

2atoiet.
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2-2. ZEAY(crude enzyme) HIZ=

358 wjFlS 4°CelA 8,000 rppm O 101t PlEle
AIEZE AASL Zd5s AFBISITE. 187]19] ZehkaT wjoow
58 3E v e 1 Lol 7FFEE Y] SRS 3738 M,
4°CollA E3FET2] 80%)akaL 2 E5tsto] 4 °ce] RIS 12
AR T Skt mEo 7 2y vz G-l 4oCofA 8,000 rpm
O 3041 ArEEstal e ts AlAske] e dilE S o
St} o37]9] 25 mM tris-buffer(pH, 7.2)5 7510] A S 83
A7 F Hotd FAEHMWC0=12,000~14,000)00 a2 HWE3I3IT)
©]& 100 mM tris-buffer(pH 7.2) 2 L7} E0i30= Blo]A ) Wi &
A& IS, Hl Az AldsE Sdlo s wAlshEA F
12717 B3t S=85te] whilal 2d gollef] EA5hH= 9 s Al
AsISitt. FA0] e T 8o 40 mLE 0.2 pm ZE (Millex-
GP, Millipore Co, Billerica, USA)ll T3HA|A A 4= Q1= vlA
ot TFARES AASISITE o]PA Dol xE A HE 4°C IF
o]l Bshy o)L wsl g erkE Ty 298 g gelo g A}
g3t
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15 mL2] &8 Zo] oF S0]L&ws=%]Q] DEAE-Sepharose™
Fast Flow(Amersham Biosciences, Piscataway, NJ, USA) 1 mLE %
3t & 580 85 (isocratic) R o] 2w dk A2 vlE 1HE
2Bt} vl F2) 1§ (elution)S 913 H7 21S B
Ak, W Fxtel] A9k pHE A7a7] flstel pH7F 242t 7.2,
7.5, 8.0 2 8.5%1 25 mM2)| tris-buffer §-& A F3k o1 F§
Mg 7} Zol] FujHA St o] the= §oi9] pHYF €589
pHe} FAeHA] glalolct. 7 el Zda @ 191 pg)
= 2ol ZHe & FUT 8o S Fs] AlHEI8]
of 29 284 2o Fo] thilz oF tff resin 3] 9] AAHE-& A
Jsl7] $1stod 1, 2, 3 mL9) resing 77} T3S Aol 25 mM tris-
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Fig. 1. Schematic diagram showing the separation of agarase from
culture broth of Pseudoalteromonas sp. using anion-exchange
chromatography.
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= G e 2 9 RO R v ghe] Mid-golt

919 7x AE v oR AANS TR 7187 B2
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resing FX18}FL 25 mM tris-buffer(pH 7.5)% Ha3} A171 - )
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7.5)% ZHE AHste] v FaE TAs AT F, AT S
gololl NaCle] F5=5 APZ 02 T7H0~1 MAY 1“4 £EN F9
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< Fig. 10 YERNISIH-
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Coomassie® Plus Protein Assay Reagent Kit(Thermo Scientific,
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Fig. 2. Qualitative agarase assay using Lugol’s iodine solution: (A),
authentic B-agarase from sigma; (B), authentic B-agarase from
sigma (5-times dilution); (C), crude enzyme from culture broth
of cells; (D), sterile distilled water. 130 pL. of each sample
was loaded.
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Fig. 3. The effect of equilibrium pH on the adsorption of protein on
resin in ion-exchange chromatography.
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F-2- olr}elo) = AR A [21] - SDS-PAGEY] 23] &
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Solewd X7} =X A o] vhald gols 2y So]eA
4 TR O pegine]] 2bE] 31 %Aé 0 oko)LAjo] ghlz o 71
& BT 8400 F9 R 7T S8 Bado)
$EA) geby G §% 208 A48 sho iy flaks whl
4 welsiol 92 5 vk
WL A1) ol 2 Sl ) EAE pi
of wheh F Habr} vlahAl frk dnbA o7 S (phEt &
pHelX = whijdo] 22d8kS a1 w2 pHellM= sks ‘ED}
[24]. & AollA AAlstaat shz SRl op7fo] == AlEA
e E o] dojxl Zlow FeRdel thet ARt it whebA
AT Eslo] 57 Gl opfo] =7t 5 16kE B pH

>

Fig. 4. Agarase activity of pass-through and wash when crude enzyme
was loaded into ion-exchange chromatographic column at pH
7.5: bl, sterile deionized water; sample, crude enzyme; b2,
20 mM tris buffer (pH 7.5); b3, 800 mM NacCl in 20 mM tris
buffer (pH 7.5); wl-w23: wash).
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E2<5F (adsorption yield)yS VFERHT), 52k
 2olE ERA] ST pH 7.5%) 8.00014]
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S, Gl 2y - oksHA| AjtE A F-3E A Al HolGlE
AEEE A7) flete] SEdls SuE o= ZHS Xt
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Ao 7Y T Al- K Fo opytlo]= E/3-& S7g3IRIT. Fig. 40l
Kol TR BE A oelA oprteo]= @] HEEA
okt o]# st A= pH 7.5 ol 2HE oF7FH0] 27} resinel] B
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o} s3], ol2wdt AzntETHF el oprldo)= St F
s+t 18] pH7F 7.0~7.52 LA ATHS,10,16]. & A F5}o]
elatarA} sk At oprhelo] 28] FAte]l 3het HE pH W7t
710l Xl ophelo] 28] gHE Akt Ao ERIESInt o]
EHE A1 opplo]28] pIgho] 7|E oprto] 28] plgkad vlsE
ZHOFE oASH,
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o CHHZL QF Off resin £I|2| £[X HIE AN
oA BHE FAT F A= resin?] &) HallA Jlorw &
9 = Hdigk F2al] flalxle 2% o]2n# resine
FIstofof gt o] gk resinel]l F-2E 7 Gl WA L] ok
Aol EAh= sl #9511, Haks | 7152 = A
Srtc} th27] whiol] T oF off resin 732 A7gH|E2] A
A8 A o 7 o]Fo]x]o} s},

1 mL, 2 mL, 3 mLY] resing Zo] $23}a1, A7)0l A<
HA pH(7.5)%] 9=gN0 7 HHS uh 5 410 pgo) vhES 3
frohe a4 gols 29s8I0ith S resin 797} S7tel| wh
2} FA == Tl ofo] T8l 3 mL resin®] X1 73-9-¢ll 410
pgdl ThMzo] B SR QITH(Fig. 5). o1 100% S2HEel &l
ek 2 AR 410 pgd] WA 2 Al Q3 HA4Ee] resing]
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Fig. 5. The protein adsorption on different volume of resin.
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st A7) vt e R R A0 8 SuTs S5 8] o] %
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22]. oI5 Sl3l S=8e) HHe 9w HeE AXshs Aol
S aslrt. WA A7lellA] A A x4
%, 3 mL resine S%13}aL 25 mL tris-buffer(pH 7.5)= 33} A]71
&, 423 pgol ThAS ¥eeHs Ak 98 23S NaCl
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slof 712t hil o] Fake 2ol Se A §EEE wASs
FaSIT). Fig. 60] HolFo], hild o] 852 Zgo] e
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A Holgke YeRIITE 800 mMellA] tha 7h43E 3 1,000 mM
oA thA] F7FeE ZIAH HolAwk, A4 exks 1= ghE 400
mM ©]’49] NaClZ 23 §-&8ullol] 23l n]sest oF2] whfdo]
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Fig. 7. lIon-exchange chromatography of agarase on DEAE-Sepharose.
The tris buffer containing gradient NaCl rising from 0 to 1.0 M
at a flow rate of 1 mL/min was used to wash the sample.
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Fig. 8. The agarase activity of elution fraction at gradient elution by
increasing NaCl concentration: S, crude enzyme; B, 25 mM
Tris buffer (pH 8.0); e, elution fraction).

i), o] ¢ §EHw Wil BAE FollM ool = 24
o] HEH 3 TtH(Data not shown). 21, &8 5] NaClo|
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< FI8te] 7187] S8E Al A7) AP AT E e s
N gl A3 9 s s A4l S8 8=
oA H]Z NaCl2] 557} 400 mM ool T o4t 855
WRo] P A] QIEAITE resinel] H|AISHA] S2tE o] 7 4= Sl
A S-S 98] A7) Qe w5 HelE 0~1,000 mM7}
| APFAoZ Z7h AFTE SFNelA] 3702 T2 A 157}
PAEUKFig. 7). ©15 H A5 slFshs $E A5 ool =
A4S A3 Ay}, 58 El1-El60A] 43 olrtalo] = &Ajo)
HEFHDTHFig. 8). o1+ 7 HA A 8= v ddsh= &=
o]t} o] 9} e A= S0l Wk Ao F2H oprtelo]| =7}
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welElo] 4557 e veha,
.3 B

£ AFelA= Sk vIAER] Pseudoalteromonas sp. T HloFY
O REE] A optR A Bl g 22 a82 0% Felat
7] 918 Fole st A=ntE 1@y e) HA2AE 2AFISIT
3 mLe] resin®] FX1E Zell 9 pHE 7.5% BRIl v Al
i B ZHEANS Y Al thRe] dao] FAE o Fabey
2 AF A of7tlo] = EAo] AZEA] sttt 8w &=l
A gE4] NaCl 557} 200 mMoMFE] child g§50] AJ2
93 NaCl§%55 S7 130l wiet 825 Wi o] S71et
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