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Abstract

Partical purification of proteins that have anticancer and anticoagulant activities from Chlorella hydroly-
sate was carried out. Chlorella hydrolysate was prepared by hydrolysis using trypsin. Among the frac-
tions obtained by Sephacryl S-200 gel permeation chromatography (GPC), a fraction of 1.3 CV (column
volume) had the highest anticoagulant and anticancer activities. An unbound fraction by QSFF anion
exchange chromatography with the highly active GPC fraction showed the highest anticancer and anti-
coagulant activities. Consequently, purification of anticoagulant protein from Chlorella hydrolysate was
carried out by a consecutive three-step procedure consisting of GPC, IEC and C, reversed phase-high
performance liquid chromatography (RP-HPLC). The molecular weight of high anticoagulant activity
band on SDS-PAGE gel was determined as 40~57 kDa.
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4% 4% 227 908 W o suiT ol
¥ 5Y 9UH Y 242 Bk Yol 4BY
o2 by 2 BHoR AYH ofF WY FHIN

71 FasA 2efslor & Algtein), ERdEle
SHYY, IEHAY, F5AEY 5oz Aol vt
58ltHKang er al., 2004).

F2dele g oAl Aol 22
A AFoz F oAl e 23]
Y58 oo wwE F, Hojdf, 1
T2l 3t o E AFH Had 5 Qe
dghoze #3 A3 HEolt, Exdzle ¥
A MRS} AFQ |, 227 HEHoZ AMEEHo] o
oFstz] 9-Ajo] BRI (Park et al., 2002; Kim
et al., 2003), & A (Morimoto et al., 1995) 2
9] 3x}3 2AFoBAM 7)FAe @Ao] gubs] 73
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ol Aok 2 B A 2R tho]gAle] A
W i Z(Pore, 1984), A S35 F44 2 uj
A (Nagano et al., 1978), 8754 E32lo] WESHH
H3(Tsang et al., 1999), 573} 2 743 Aofe]
A A (Singh et al., 1998), 3t B/d(Takahashi er
al., 1989), W75 73} (Hasegawa et al., 1997,
Hasegawa er al, 1999), Al E2| B-&2-8(Han et
al., 2002), 21E9] Fmgky 9 B&5a3(Park et al.,
2002) 59 71%5Ao]l Rud vl glom, AEIH
o]& o]9ld] Chlorellas 44t U2-& AIBE ARE
A H(Becker, 1980), Hol| EAl3ke £220] &3
= 9% TR &) A dA7vh HiE
v} Utk (Wilkinson et al., 1990).

A AbEEel B2 AW F VR dFHe ¢
of thet WHOS] ®ire] ogtd YW, ul7] 29,
PAbE o A aRloZ A% HAYEo] 85%
& Az, o HAES B 2o 81l1e]
80 dFEEA gl EHe] AN I
Aol AdHske AF FolA FAAR o8&
T e Edo| &ds] AFHI 3UrhBardifieldot
Bjeldanes, 1984; Morita er al., 1987; Wall et al.,
1989; Seo et al, 1990; Lee et al, 2000). 24
T & 2 Wor)s Al rdditte B
(Konishi et al., 1990; Hasegawa et al, 1999)7}
Ak, 22 RE FEE]d glycerogiycolipid?]
monogalactosyl diacylgycerol®] 4Fol FU4E A
ghohal doh(Morimoto et al., 1995). Sz dzke] |
o S el MY AYd F8% 988 3=
helperT AIXE Z3HA EAstehe d84art B
%l v} AcHKonishi er al., 1996; Nodaet et al., 1996).
o AaER v FRdde HAAES E493)
&t gol JAEHNE VENER FYRZAZ
8% 9gs & ez 7|fErhHasegawa et al.,
1989; Hasegawa et al, 1990; Thusuki®} Minamishima,
1990; Konishi et al., 1990). &3t F2dz} 5252
ul3 2 7e}x)9] interleukin®} interferon mRNA &&
T 293 L monocytogenes FE § MAIDS
(murine retrovirus induced aguired immunodeficiency
syndrome)& zte FoF A4 #o v 715S &
A9 3 B E|o] ltk(Hasegawa et al., 1997).

AFEE 199 AE3A "Ee] dloeE FH9
BEE & & Utk A9 &4 T 22 8RS
2 3l o] FaHE HHOE Fio] B

of A e A W FuoM FALFS His)
sl Ao g9 JYTF L AaFTHE AL
2R HEY, H8A, 48d, 42734, 943
5 T@UAY A4Ade dde] HrkKim, 1994).
olg1gt FAFE XE3] A% EFHoz gt
AA5AEe] FNEslo] glovt giER Zrtel Ay A
ol &= WAk 52| EAE urokinaseE Al
93ty AT Tt E7bsd Ro® 4EA A
28 AR Jide] Pago] thFEH Utk g 3
3 ARA e AFZE Fenton et al(1991)0]
thrombin®] +32&} 7159l thakd 1319, Binnie
et al(1990)°] hirudin e = §H4dol 23 thrombin
o] gdAjshol thsle] WESINCH, Carpiello er al.
(1996)2 A+&2] thrombin®l ™3+ 27}A] hirunorm
Helol=o] Aol st It EH -
T A BEFAZ /9T £ e B4 891 A4
o] 283 thrombing A3|ER= thrombin inhibitor
EE fibrin clotting inhibitor=2A] @l -&-31 3| =
Elo]= 7} JrkKim et al, 2004). N3 A}
Ae Zzdagds gaes Bud uie gtk

AF7R o] F2detel pEy QAye F24d98
o] d4FEE(hot water extract of chlorellayS ©|
£3gou, B dfdre F2de RIES
ol-g&te] QA WolMe] §43 slrEREEE o] &35}
Atk 7148 AEAA 2 24 S8R Oig g
AAT2A Frdae] A8 A AEY Sl
e 49 AT AL A ol
£ Agggoel & wld HES FEAA G
Fzdeg o83 7F V)T MR A 7}t
4E skt s

g W Yy

XH =

AYAEE AME-3E 2 (Chlorella sp.) 4%
BT dAE) S ELETEH ATEst
2 trypsin® Novo NordiskAHDenmark) #|E-&
AR5 T). Ethylenediaminetetraacetic acid(EDTA),
trifluoroacetic acid(TFA), coomassie brilliant blue
R-2509} heparin® Sigma Chemical Co.(St. Louis,
USA)ZHE T3l ARG HE AldEL
AF AE AHggord, Ag2vieadag §7)4
mj= HPLCHS AHEsHAH.
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7ol ¥ M2

Az EW4ee F2d2E 33 SRFY E£F
Bl 10%(wivye] HEFN (200 mLyg ZASL 0.5%
(wiv)e] EDTAE #7138l E2de ggds &
3] wRkst 3, el "] 1527 18 4o
2 29 AE 33 whEsle] =g sl 4°C
oAl 24A17F ZEmutet 3 3087 Y4 E-El(4°C,
3.000 x g)ste] FEAE AT A E=de
FZE(Chlorella extract, CE)°ll AW @3 E3)d
4291 pancreas trypsin(6.0 S saltfree, Novo Nordisk,
Denmark)2 0.2%(wiv) H7l8le] 824204 38°C
2 12A7F AR 7R F 90°ColM 38R
F Gxste] AANkES AAANZY o] F2d
2} 7}rB-8| E(Chlorella hydrolysate, CH}S Az &
AEA g BEAA dge] AFEREAN AMSSA
o, NYPE FEE FHA (Tokyo Co., Japan)s ©]
83t &3t

=2 8N A

Ao w7 2wl 212l (gel permeation chromatography,
GPC)

gzdg 7R ECHS 50mM Tris-HCI(pH
752 HFol fA" HA@@LTx42cmpell THAIH
T} GPCE& A= Sephacryl S-200(Amersham Bio-
sciences, Sweden) 70mLE 2l FH o EHIAL, o]
o RS 18mihrE 208-0] 6mlA® B3 siuct z+
=L UV #437] 280nmolld] F2=2 24319t

o|-& ®¥ FZvkE 139 (jon exchange chromatography,
IEC)

ol 2w AZREH I E fast protein liquid
chromatography(FPLC) 4|91 AKTA Prime(Amersham
Pharmacia Biotech, England)& ©]-&3&t} o]
w3522 Q Sepharose Fast Flow Z 3 (QSFF,
Amersham Biosciences, Sweden)S $-2ld 3ol 11
mL Z313td ARSIt £ AE 20mM Tris-
HCI(pH 6.0)Z AME3IH T, &vf BE 1M NaCig
AHg-Ed Tt &9 A(100%)Z 1 column  volume
(CVEE H¥3a ¥ 50 cv7r € o &0 B
(100%)ZE. linear gradientZ F4 313t} o] &
< 30ml/hrZ 1289 6 mLg 3 EF¥ £33
oz BEEL UvdAE7] 280mmollM FEEE
=43t

A4 HPLC (reversed phase-high performance liquid
chromatography, RP-HPLC)

[ECAlM &40 e B8& U4 FF7](Speed
Vac, Bioneer, Korea)Z 53319t =9 852
HPLC system(Gilson 512, Gilson, USA)?ll C4 reversed
phase column(® 4.6 X 250 mm, Vydac Co., USA)
S olg3kd EAA 89 A 0.1% TFAS #
7V 2&4E ARSI, €9 BE 0.1% TFAE
2718t acetonitrileE ARESIATE. £v A(95%)9 &
o B(5%)2] EF&u=Z 1087 HIFE /X% &
0.5 mL/min®] 522 & BE 5-65%2 607+
linear gradientZ EH3It}. &&= £E2> UV
AE7] 214 mmollA FREE SR EALH, 180
g ey S

SDS-PAGE(sodium  dodecyl  sulfate-polyacrylamide
gel electrophoresis)

719 gel 5%} stacking gel 15%2] separat-
ing gelo] AREEACE AF= 30mAE A7|HES)
Aow, gel coomassie brilliant blue R-2502 %
staining, destaining3td #1319},

WEIEREN

2E B4 B4 QYME 7 ARME 38 0
¥ AR, oF BILEELAT =0 B
Agsiet.

B0t Ba 27

T EF YA EFie HUMNE A5498
o] &-3led 96-well platecl]l A Y BEA=E gz
indole-3-carbinol(Slominski®} Campbell, 1988) t)
ZTE ARSI uypsin 7HEEIAE 2 oy 7HA|
AEMEIN 28 o83t Y A /7
E AR og FASLE dMXe] AEEE MTT
(3-[4,5-Dimethylthiazol-2-y1}-2,5-diphenyl-tetra-zolium
bromide)& ©] &3t 570nmeolA FHEZ EA
(Denizot®} Lanf, 1986)8}%H.2.5, MTT 92 phos-
phate buffer saline(PBS) 0.1%°} 2 mg/ml.e] T=2
MTTE &£3s A& AMS-sth

Anticancer activity rate = (1-—A—"ﬂ"u)>< 100(%) Q)]
bufer
Aq71M, A C AEY =

sample
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Augs : PBS €389(0.1%, pH 7.5)¢
4=

oS Mollgy 55

Yoll8-7 %3] 42 blood coagulation analyzer
¢l coagulometer(Coatron M1, TECO, Germany)&
0] 83} fibrin clotting assay®ll €]3}<] thrombin
time(TT)S X s PH-E AFSsch 898
84 % thrombin timeS ZY317] 9131, thrombins
10mM Tris buffer (6 mL)* 0.125 unito] £3]=%
£ FPslod ARSI T Fibrinogene 10mM Tris
buffer(10 mL)?l| 0.150%(wiv)e] =2 483t A}
239t AJE12uL)9} fibrinogen £ (238 uL)E
tlo] 2 FHol ¥ voltexE o] &3l EF3IL
], A|&-fibrinogen EFAIEQ2S UL)E Tl FHUt
3t 3 coagulometerollA] 3%7F 37°Co2 < F 3k
th gy FWo) thrombin(50pL)E FH 713 F
fibrin clotting time2 coagulometerd ©]&-3} =34
etk & TIVF & @& Hole %% thrombindl
olgt N3 urt AAEE onidtt. &, & A
A oldd TTE g A&l o= sl £
MBI TTE A4 FAE @lshr| el TT
Al 2F(Diagnostica Stago, France)s FEE=Z 343}
o REFMS Y. AEFA 718719 4
HE o] &3fe] N3 3N S(fibrinogen clotting
inhibition, FCIyZ 2](2)9} 7Zte] &tsle] AlLkslsdct.

FCI = (1—TU-£"£"'—)><100(%) Q)
U,
o71A TU : A]&2| thrombin unit

sample

TUpy : %52 thrombin unit

A 4 EA9 FF dzxFE AA
golle-v A& B2 heparin(1%)& &4t &
A &A4e 7t RA dAek} $YEgct

<L -

2 QoA AR AR F2dehke 9y
e T 60%) 8L ATh mWER AeE
AE vebd F e A8 A FAME 9E
Agel B FE3Th @A AHBAA

in vitro A A E HIAEE Al @

=
Wy Baigle] osf 2 4 6L 7 ders

Al Bzl o3 vl sEeEAE # the Eo
Ae 7R EAA g BEE gske A
o] upgAsitt. wety, E2dte] AE Wl dle
o2 7R A8 22E& w35 slsld EDTA

FTHTE olfdto AxuE =&d e,
AE oz ¥ 84 248 U4 el od
FHEEQ uypsing ARGt MR EIAT 0
A 4L 24t JRREIES Y8 4
o gAY 2HERAR o83t

GPC/IECE S8t Me|ay 2| #5

Fig. 1& E2¥z 7IE3e& GPCE &t
Aol B3-S column volume(CV)EZE 344
9 gAgAs) &A-& B3 Fxtolt) 280nm
oA & FFHEE veE GPC £ (1.3~1.7 CV)
2 EREY TR Y FHY +FE BHIA
t}. Fig. 1(@°lA B Hiek 7bo] GPC 8 27)
o F3F=rt & FAE AL & Ao, 3
710 $&d Aoz Hot B A7t A
2SS HAF 4 AU ol9te] U GPC B
s wEd g A4S 58S 43 GpCYl 13
cvalr 7H3 58 w9t 845 Y AtkFg.
1(b)). LA Edo] GPC 7] B =& &
A& JePS AT & UG-

Z2dzte] 7154 5 F9As] g &I(Singh
et al, 1998)7} 23 E vl glo] E Aor= HY
S A3 e F4e <l Hurh 89
GPC #3E&S 94FF7I2 ¥FAA thrombin
time(TTYS SA3le Ag HAFAHE £
(Fig. 1(c)). GPC #8 F 13 CVe| ¥3Fo] A
3 AsfBAo) 7 w2 SN TE AF &
€3 ASEA heparin(1%)S] 739 80%] TT
Hel whH 13 CVe 1200%9] 2 TTE 2¥
IS He BEYe 280nme] dAIAM E
FAE e EFolit). ¢ 2 HHg A
AL 7HH EZo] vl AIYL A
213ted bicnchoninic acid(BCA) assay(Jang er al.,
2002)8 o)&s SeiEg Gk 1.3, 1.5, 1.7,
3.8 Cve z+zh thek 1090, 1807, 1233, 15 ug/mL
o] calAg Tl o] BlE FEFe FHE
o vlEIgS goled = UMY F, 280 nmolA &
et Ho BEGM TT gol A voe 2o
ERY 3, Ay Agd EZo] gd A

dde & 5 didh

2o o 12 of
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Fig. 1. (a) GPC chromatogram of Chiorella hydroysate, (b)
anticancer activity of GPC fractions of Chiorella hydrolysate
and (c) anticoagulant activity measured by clotting time
of GPC fractions of Chlorella hydrolysate.

Symbol for (b): (- O +) GPC fraction of 0.87 CV, (- V -)
GPC fraction of 1.3 CV, (- ] —) GPC fraction of 1.73 CV,
(~ < ~) GPC fraction of 2.1 CV, (- & -) GPC fraction of 3.8
CV, (— ¥ ) Tris-HCI buffer, (— V -—) 0.001% indole-3-
carbinol.

W= Avgoa B dd Age] 9%
2 ASEY Edol ol Ede] Rad
ArHHong®t Kang, 1999; Koh e al, 2001). w}
A GPC #¥E2] CT34 Al heparin(1%)3} H|ws}
o Aol $-43F 13 CVE S0l wF #H
QSFF AR L o]&sted 3 L(Fig. 2), zhzte]

Solution B(%)

Y e e RS, L,
1414111444 WLHITHHDH IR
o U Bk bbbk bbb i A TR e b A S S A s O
Fig. 2. Chromatogram of anion exchange chromatography

using the GPC fraction(1.3 CV in Fig. 1(a))
A: distilled water, B: 20 mM Tris-HCI buffer, pH 7.5, C:
heparin (1%)

ol vzl FHAE olgst TTE &3k
R#EC2 [EC 42N 20mM Tis-HCHE o83
o] 23 BEIAL o|&ete] Zt BEE CTo)
£ FCIE ALK 43} GPC 13 ¢V 282 [ECE
%S W unbound=lo] &rf Be| gradient o) 81
12 CV(Fig. 204 sdgg A8 23)M 7h3
o YHgw AT (CT=24002)S LFEPAT}
A A AgAFo) A AEd E4Y
Hol &olL w3 AYE o] &3 A7t tlFRo)
e k(Wilkinson et al., 1990; Hong®} Kang, 1999;
Koh et al, 2001), E2d}te] AT A& &
Ao 79 Fol2nEHAA unbound® FOE &
ol E4o] old AL FAT AUk

RP-HPLCO|| 2j5t &3 Kol S22
ARSI

271 IECIA unbound® 1.2 CV £3Fo] =&
FCI #& Hlow, o] 28 o]8&te FriH<l
A whyoeg RP-HPLCE A3t [ECY 1
g4 BYL &8l 05ml/min £52 5-65%7F
7] 60%7F 87 B linear gradients €8] C, reversed-
phase HH-S o] &35l HPLCE 445192, RP-
HPLC #3027y AL AsEAo] & &
g Mgtk 7 §-3e] FCIE 3k 43,
Fig. 304 HE v} 7ho] 27)9] & {7]8u53
o] 8% § #3 363 (retention time=36%-)°141 heparin
1%y Ak F5e 7 2 985 A
AATT=78.72)2 HAt} o] W) HPLC el dAAe=
dAe R ¥4 ¢on Izt b BEeEA o
& Zlog Hol $hd3| HAHA e A FRo

AL
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Fig. 3. (a) RP-HPLC chromatogram using the IEC
fraction(1.2 CV in Fig. 2) and (b) anticoagulant activity
of RP-HPLC fraction.

A: distilled water, B: 20 mM Tris-HCI buffer, pH 7.5, C:
heparin (1%)

J ‘ | L

il o] Bo HIYgw AHIHEAHL HA A
oz #ds 4 Ut

RP-HPLC ¥3% 5 "d83 Asgido] -3
3 3eH 32 A¥sled 12% SDS-PAGEE ¥
Agg gl A, EAFe] W= 40~57 kDa
oA e}t

oloz Frdele IR YA o=
gagy G4 AY 5o HgE HES)
Atk % HPLC #3&7 H4siol oy 4
A S il Aex s, I 49 74
2A2A AL 7FsT Aoz ZdE)

2 o

2248 JrEEETE 39 % €Y &

ir

Az EAo] de DAL RFEAASNAG 2
A2} FE5ES uypsin® 2 7R st 39 84
I FAe2 AHEE S AT TR ES
ZHEAZ 319 A2 Sephacryl S-200 AojHa
vl E 12 ¥ (gel permeation chromatography, GPC)<)
¥3 Z 1.3 CV(column volume)?] £8o] 714 ¥
e 43 e AAEAHS JehA
GPC 184 85 Jol2u 81X QSFFEH S
o]g-3td &3 Z3} unbound® o] £&F HFo
A 7P e Y 8499 98 ANEHE &
9% 4= U AdFAH =, GPC, ol Ln A Zn}
Eady, ¢, 9% 1dsdAA=ntE 1 ¥ (high
performance liquid chromatography, RP-HPLC)E
A 24 trRdEs FEFAS SDS-
PAGEE #719E% A3 dA-gx Asidge] 3l
= =389 Ao g 40~57 kDa¥ S ERIT
T AT

o
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