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Abstract — In order to screen new receptor tyrosine kinase inhibitor which is expected to be anticancer drug lead, we have
investigated receptor tyrosine kinase inhibitory activity on the marine alga-derived symbiotic microorganisms (500 strains). The
significant activities (over 70% inhibition at 10 pg/ml) were observed in the extracts of ten strains (Strain No.: MFAQ18, 019,
206, 242, 325, 335, 343, 344, 354, 356), isolated from marine red algae, five strains (Strain No.: MFA030, 126, 213, 324, 339),
isolated from the brown algae, and one strain (Strain No.: MFA272), isolated from the marine green algae, respectively. Among
the active strains, MFAO19 and 356 showed strong receptor tyrosine kinase inhibitory activity with IC,, values of 0.6 and

0.9 pg/ml, respectively.

Key words — Marine algae, Symbiotic marine microorganism, Receptor tyrosine kinase (RTK) inhibitor, Antitumor drug lead
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si=Rel AHE X SYold=e| 22| 20084 FA &
A AR Bl2F FFF, A3FH, F2FE AN
st BAof] Hof ARz euks & 20°Col|A HAs)
HA FARAAES Felsiltt GFFHE MFA001~500).

1) At w2

Petri disholl A& 251, o710l AF G SFAFENER)
£ SlofFal, EatelrE 7] 27-29°ColA 15-3047% Hi
&gt & dnAstol A AGHEFE APFEAE HE IS
ol-g3td ANFH T 5 wiA] AJollA Al vt FAHF
£ skt

2) slFFe] EHAF =

STAEE ot BtollA] agar HIHA] (SWS+agar S-2
YPG+agar) gl £37, vifst &, du|gslolA =5 AL
(hyphaeys ANFH St viA)Ge] FARE Al wiFste] %
W FAHTE FE sk

3) l=Fe] WA 2

S el SFAEL] BHS i TR/, 70% o
B2 Hit SRS 02 MFESE & 358 w2 (scalpel)
2 Z2A YHE =E2A v WF-22E AjF8k] agar
I A] (SWS+agar &2 YPG+agar) ol E37, v 43tk
5 du|Aslol|lA] <= A} (hyphae)S AFEAY, viAA
9] #ARE Al vigete] W FAFTE skt

1Xt HiRF (10 ml scale), F& ¥ EEAE - F2|3t +
F5 77} 10 mle] YPMHIA] (0.2% yeast extract, 0.2%
peptone, 0.4% mannitol, 100% seawater)ol| A 27-29°C, 15
A7k vfFet 5, vt ol 7S F (10 ml)e] HEH-E-ofAl
= (DS 71t 23 vk, 9AW Adsie] d& 5=
Ao F718mME AL HS FE&HS HP-20 column®]]
T, TFTE AA ] &9 AeEgh &, vk 9 o}
A& o2 FAF o2 8531 v {718 E A3
5002 F=E (No. 001-500)S AUTh o|=S AR
2 o]gsle] &4 A &5 AME APkt

Ale} & 7]7| —Tris HCI, MgCl,, MnCl,, DTT, Tween-
20, HEPES, NaCl, EDTA, BSA, Substrate (PolyGlu:Tyr,
4:1), ATP 5 SigmaA} (St. Louis, MO, USA)2] AEE2
AME3IA 3L, Streptavidin Donor, P-Tyr-100 Acceptor beads,
Fusion alpha-microplate analyzer= PerkinEmerA}(Shelton,
CT, USA) AlE& AH&-3t

Al2FEN| - Kinase assay buffer= 50 mM Tris HCI (pH
75), 5mM MgClL, 5mM MnCl, 2mM DTT, 0.01%
Tween-202] 70 & 4|3} 3L, Capture buffer (2.5 x
concentrated)= 62.5 mM HEPES (pH 7.4), 250 mM NaCl,
100 mM EDTA, 0.25% BSA2| 7o & zA|s9t}. 712
(PolyGlu:Tyr, 4:1)2 ATP7} 3% kinase assay buffer®

ol
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8] 28} 91 3L, Streptavidin donor®} p-Tyr-100 acceptor bead
= HAFFF 22 20 ug/mle] === capture buffer® &
a4 zA sk

In vitro kinase assay - s1ZF2] FATAE 2 2
FEZEE9 epidermal growth factor receptor (EGFR)
kinase €4 A =& PerkinElmerAt®] Alpha Screen®
systeme -8-8-3}o] 74315}, Alphascreen®] @ Amplified
Luminescent Proximity Homogenous AssayS <] 7| 3}H,
Luminescent oxygen radical channel2- ©]-8-8]+= immunoassay
W o]t} Assay+= 384 well plate (Greiner Bio-one, NC,
USA)YE A18-3Fe] A reaction vol. 25 plollA] o] Fo] % AL,
2] GAE EGFR Z4+ SigmaAlZHE 3Tt
ZE | ul, ATP GF=% 100 mMy} 2 kinase buffer
4ul, EGFR &4 5pulE 97, 155 50F AFLola] uk-g-A]
71 & 7138 (PolyGlu:Tyr, 4:1) 5 ulE 93 1A7F &9t A2
of| A WESAIFITE 7190 donore} acceptor bead 3= (1:1
ratioy 10 pl ¥ T, Blg xPehsh el Ad2ollA 14
ZFEE F7F AL §, G40 B4 JAEE SA 6
ok a2 FARAAESY FEE S00NE e HEs
= 50 ug/mlollA A AAEES 124 o7 A ste] B4
AEE A 3 g, FEEE 10 ug/mlellA] 231 JAS A
gate] Fax 70% o)Fe] AAEFE Yele AlEE o
HOR IC,, 7he ZASIAT.

EGFR-2 M Z3EH<8A (transmembrane growth factor
receptor) 5 SPE oAt E]2AI7] o] QIAkskE 24
shelE oF 180 kDao] v go|ct > EGFRS A9] 4] L9}
oA ko] s APske Alsdg gl oM F
23 IS gyt W olejd EGFRE] ) WA} A7}
A o] e okt e FEEth 282 E EGFR
AT F U= AAA= o B ol
BRI AEAZ AME 7 S AL
2 Awsial Qloh @A EGFRE #HEH 0= o8 o=
slal X g5el o] &% ¢ e FoF FAH FARE o)§
37] 918 theFsk ApEoe] Mgy Aok EGFRS
receptor tyrosine kinase®] UF 2 Z ligand®! epidermal
growth factor (EGF)2Fe] A3l 2J3}¢] kinase E=H|210] <l
ksl =A@ slEth EGFRE] S s HlaEe] F2)9
83 A s, B2 TUNA 2 B3} BarE o]
ATk wEbA | B S8 9] dgko 24 EGFR
kinase 42 QAT 5 U= AAA O digh A-+7F A Al
AXoE gk XYL ok 7 Aolr= sixFES
B #2]3t FA++F2HE EGFR kinaseoll tfgh €4d <A
A BNt A TPA AL sl Y &l
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Table I. EFGR kinase inhibitory activity at conc. 50 pug/ml
of the extracts from the marine alga-derived microorganisms
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Table II. EFGR kinase inhibitory activity at conc. 10 pg/ml
of the extracts from the marine alga-derived microorganisms

Sarr]rcl)}')le % I(r:]]lllz);tlon Host marine algae
003 95.73 NapJak PaRae* / (G)** / (Edible)
015 85.89 SaiDaGaSi UMu / (R)** / (Edible)
017 70.93 Cham DoBak / (R)
018 87.78 SaiDaGaSi UMu / (R) / (Edible)
019 96.89 SaiDaGaSi UMu / (R) / (Edible)
030 88.03 Pae / (B)**
072 96.33 SanHoMal / (R)
126 97.16 MolJaBan / (B) / (Edible)
188 71.04 SaiDaGaSi UMu / (R) / (Edible)
199 69.85 Ip-KkoSiRaeGi / (R)
202 70.03 DoBak / (R)
206 89.44 Cham GopSeul-I / (R)
213 96.70 GomPi / (B) / (Edible)
242 96.08 Gae UMu / (R) / (Edible)
272 94.52 Cham PaRae / (G) / (Edible)
290 75.53 Red KKaMakSal / (R)
324 97.31 DaSiMa / (B) / (Edible)
325 97.42 Cham GaSaRi / (R) / (Edible)
335 96.70 SeoSil / (R) / (Edible)
339 96.45 OiTolGe MoJaBan / (B) / (Edible)
343 96.24 KkoSiRaeGi / (R) / (Edible)
344 97.09 KkoSiRaeGi / R) / (Edible)
354 96.79 Gim / (R) / (Edible)
356 96.89 UMuGaSari / (R) / (Edible)
366 70.27 Unidentified
387 100.07 Cham GopSeul-I / (R)
405 97.09 JinDuBal / (R)
421 81.26 Unidentified
423 93.48 CheongGak / (G) / (Edible)
433 71.50 Cham DoBak / (R)
442 72.83 Unidentified
452 84.95 Unidentified
454 87.87 Gim / (R) / (Edible)
467 100.15 Unidentified
500 81.30 Unidentified

*Korean name of the marine alga.
**G (Green alga); B (Brown alga); R (Red alga).

ZolM el v B4 SR (500 #5)E S EA
ZAISE YPM BIA] (10 ml)oll HE3led 29°Col| Al 1447F ull
3 & 712 <k (10 ml)e] methanol-acetone (1:1)2-2 3=
ot 20 99 At 42 5005 FEES
¥AI 59} ¥]arsle] EGER kinase 84 A =E in vitro

=
kinase assay S ©|-&3dto] &4 3th 50059 FE=S

Sample no. % Inhibition (n=2)
003 27.52
015 28.61
017 50.98
018 91.42
019 94.03
030 86.43
072 58.04
126 71.54
188 44.96
199 34.41
202 50.54
206 70.37
213 90.67
242 89.56
272 75.66
290 58.69
324 88.81
325 88.33
335 77.00
339 85.65
343 82.37
344 87.85
354 84.59
356 88.73
366 5.17
387 32.54
405 61.05
421 6.59
423 46.52
433 46.20
442 19.55
452 12.42
454 43.68
467 10.11
500 0.32

Alpha Screen” system& AFE-3}e] 50 pg/mle] FEoA] 1
2} A8 A3}, 3552] FEE)4 EGFR kinase /343l
FIF AZEAT (Table 1). X} AEE 3589 A EE

Ao2 10 ug/mle] =2 22} A28 FdYst A3} (Table
1), 1652 A|Z A EGFR kinase®] B4 EE 70% o4
Ak o e YA a7t AEE AT (Table
). FAvAYES] 458 S Hees X7, 2327 2
527 FAAES det 242t 10 #5, 5 +F 2
1 5ol 4] EGFR kinase 8/ A3l a3}7} &= o], 3
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Table ITI. EFGR kinase inhibitory activity at various concentration of the selected 16 kinds of extracts from the marine alga-

derived microorganisms

Sample Concentration (ug/ml)

no. 10 2.0 0.4 0.08 0.016 0.0032 0.00064
018 94.11 34.95 15.51 6.19 -11.19 4.00

019 104.11 83.66 36.74 6.46 445 -5.15

030 86.62 36.41 8.75 7.25 - 141 -14.54

126 53.67 1.38 13.28 3.90 -17.50 -0.24 -7.17
206 50.48 -0.63 -3.87 -4.48 -25.77 -1.91 -9.06
213 80.20 24.73 -7.89 2.33 5.12 -4.99 -4.71
242 88.30 26.74 20.93 5.74 - 6.61 -6.61 -12.25
272 78.80 22.27 14.40 10.77 - 0.18 -0.35 -1.97
324 97.35 51.49 18.75 8.42 12.11 -2.81 1.16
325 93.05 37.75 17.08 11.32 - 3.26 0.66 -0.63
335 80.48 31.27 -4.71 -13.98 -15.15 -4.60 -17.16
339 90.81 38.19 19.42 19.31 6.52 7.41 -3.59
343 88.80 27.92 8.98 4.29 -16.72 - 9.06 -20.4
344 93.27 48.86 15.85 -0.96 -8.62 -13.37 -19.51
354 86.68 44,06 18.31 15.57 11.49 - 2.36 -3.65
356 100.53 70.15 26.52 14.62 7.86 - 9.18 -23.14

Table TV. IC,, values for EFGR kinase inhibitory activity
against the selected 16 kinds of extracts from the marine
alga-derived microorganisms

Sample no. ICs, (ug/ml)
018 2.6
019 0.6
030 2.8
126 9.7
206 9.9
213 4.1
242 3.2
272 42
324 1.6
325 2.4
335 3.6
339 2.2
343 33
344 1.9
354 2.0
356 0.9

7o FAMAEANA 7P w2 SIA =Tt AREHA
TH(Table 1~11T). Y}o}7}, EGFR kinase &4 A a7} &

2l Ao B4 A E AFH R sl Sl 16
T NEE AR 5 iy 33 thy, 343 2zt

o] Al5ef tigk EGFR kinaseE ¢JAIsl= ICs, #h= 3AFSH
St} (Table 1V). In vitro kinase assay 23}, 733+ EGFR
kinase 94| &5 YR 759 ¢ 0.6~9.9 pg/ml
WLl IC,, #ol T&HUY. 1 ZF, vi-$ 7F3 EGFR
kinase 2] A|ZAL T xFoAM E&¥ #FHT MFA0I9
(ICs: 0.6 pg/ml) 2 356 (ICs,: 0.9 pug/mlyol| Al F2E o
H, O o2 HwA Fo4 3= EGFR kinase 49
A A= AxFolA E2lE #3135 MFA324 (ICs,
1.6 pg/ml) B SxFoIA EElE #57HE MFA344 (IC,:
1.9 pg/mlyol| A FZ= ATt (Table 1V). 2y HZ2FA
¥ 4535 MFA272 (ICSO- 42 pgmly= 3% 9@ 7kx
FollM Beld #FErR= %2 5504 EGFR kinase &
oA a3E YR
o)4e] AHENE thfet slxFENE FEg 3AF

FE o2 EGFR kinased] theh AJA] &2l &4y
2 O EEEY 3 Fx S, AEAYESE 28 7]
;q-o] o:]:,L‘:‘ /‘Hio zqo‘j % o] 3}%;{4 Eo]xq 3].01— Mz
4o gl glojx Fagt At tid AlEEA FE
gk 7Ex]7} Qhekar AzbE

AL AL
o] =FL 2008 AN (&) Afdoew
datATAITe] A Ug wol e AA7-o]H (KRF-2008-

314-F00048), 254 BK21 Aol ZA=gUrhE]09B2519).
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