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Abstract

The kinase families of Mitogen-activated protein kinase (MAPK) or Extracellular
signal regulated kinase (Erk1/2) was recognized of diverse iso-forms. And the best
famous process was signal transmission channel progress with the three kinases (Raf-
MEK1/2-Erk1/2). MAPK was the representative signal transmission channel related
to that was delivering extracellular impetus from cell membrane to nucleus. Also,
MAPK proved to that play a pivotal role in the intracellular signal transmission —
related to differentiation, proliferation, existence of cell. On this account, MAPK is
progressing to . Cancer ~Target Protein; cause of MAPK has' the ability to
phosphorylate impedimenta in relation to treatment of cancer.

I want to that contribute this thesis to developing of anti-cancer medicine and medical
supplies, using asteroid, which called over the representative noxious marine
organism, extracts. So, First of‘all, I |lended the SFIII which was the peptide
hormone for revitalization of the muscle relaxant from-Asterina pectinifera. And, 1
prescribed the SFIII to the MDA-MB-231 which culture cell of breast cancer. Lastly,
I observed the mechanism of signal transmission related to the SFIII.

At the process of experimentation which SFIII was prescribed to the MDA-MB-231, I
used the calcitonin (CT) to the control group; cause of CT was alike in molecular
structure to the SFIII. CT was known that inhibit a formation of cancer which due to
the MDA-MB-231, and that inhibit a phosphorylation of ERK. I make progress the
western blotting at the diversity of SFIII concentrations to the MDA-MB-231.
Consequently, I observe phospholylate activation of MEK1/2 (second kinase). And, I
make progress the western relate to the time. Like the preceding, I observe the

phospholylate activation of MEK1/2-Erk1/2 after 1 hour (from prescribe the SFIII).



At the trace of signal transmission which connect with MAPK families, I observe that
is suppressed the protein kinase C (PKC) o/p phspholylation which take charge of
Cat+ depending signal transmission. Finally, 1 observe that accelerate a
phosphorylation of on/off switch (Raf kinase), due to the PKC and MEKI1/2

phosphorylation of stimulated by p21-activated kinase, not via Raf kinase

Key word: MAPK (Mitogen-activated protein kinase), Erk1/2 (Extracellular signal
regulated kinase), 4sterina pectinifera (Asteroid), SFIII, MDA-MB-231 (culture cell

of breast cancer), PKC (protein kinase C), Westren blotting
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- ZFQl Mitogen activated protein {IAFStEA(MAP Kinase)®] <QI4bsE
AA 5= 237 Avk.(Misa. N et al. 2007)

MAP Kinase &= AlE A& A%, E3fol] whojstes @il Asdg
A3t GARAM EfEEdM TA 4 A2 FoF ERE @dst
drHa Ath(fig2) ofF P B2 A7 olFolAal = AL Raf
kinase-ME Kinase-MAP Kiriase 2] 87l @A S 2 N5 AGH =27}
ATt (Mccubrery et al. 2007)MAP Kinase = Al3X9he] o] FofA A5
g EA7F =EAd AFstA HW Protein Kinase A(PKA)Y+ Protein
Kinase C(PKCO)¢ &2 Alsde #asol ofsf Az} f3to] #

H ozl A Ee] e 9SS A Hth(Zuber et al, 2000)

(Schulze et al, 2004) 3t o] EXx}i= okxlE o] M EZ Ao Fo3 I
e St JoR UdA gARE BEE BedT ofodn gt

(Robert. PJ et al. 2007) W&t E A= SFIIo 23 MAP Kinase 9
olakzl g o] WM3le} o] 59 <Akl JTAS Fi= AFEU AsHE H

AEe 2AREH G,



Human calcitonin
Rat calcitonin
Rabbit calcitonin
Bovine calcitonin
Porcine calcitonin
Ovine calcitonin
Dog calcitonin
Chicken calcitonin
Bullfrog calcitonin
Salmon calcitonin
Sardine calcitonin
Eel calcitonin
Goldfish calcitonin
Ray calcitonin

SF III

Figurel. Sequence of SFIII and analysis for calcitonin
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Figure 2. |Four major Mammalian MAPKKK-MAPKK-MAPK protein kinase
cascades.
from PJ Roberts, CJ Der(2007) Targeting the Raf~-MEK-ERK mitogen—
activated protein kinase cascade for treatment of cancer. Oncogene 26, 3293

fig 2.



1. Antibodies

Anti-MAPK p44/p42 (pT202/pY204), Anti-MEK1/2 (pS217/221),
Anti-C-Raf (pS338), Anti—-C-Raf (pS259), Anti—-B-Raf (pS445), Anti—
PKC o/BI(pT638/641), Anti-PAK1/PAKZ2 (pS199-204/pS192-197),

Anti—- 3 actin.
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2. M EZHj<

(0]

A 2E Foldd Ale] §Y AlEZF9] MDA-MB-231 & 35 A7

Ol

Fetal bovine serum(Thermo Seci/Hyclone, USA)10% ¢ AUA#H 1%= |
A 7}8k Dulbecco's modified FEagle's medium(Thermo Sci/Hyclone,
USA)S oz A8, 37C, 5 % CO; W71l A 3~4 & 7]3te=
Alchuf gstel Aol AHEsEITE.

3. Western blotting.

10mm =7]e] AzwjF Aol 3.0 x 10° cell B 534 72 AIzH
Bl ok3le] SFII 200nM oA ZhzF 30 8, 1 A7, 3 A17F 12 A7+ Eol

o

A4,

HlFEE F, M| FNES AAGI 4T, PBS §1% o] §3te] wjol
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AAA $ RIPA(Cell Signaing Tech, USA)& N 50 ul® AF-&3te] AlEZ
g3 HAgS A, AxEe] 3] SDS-sample buffer(6.25mM
Tris-HCI(pH 6.8), 2% w/v SDS, 10% =M%, 50nM DTT, 0.1% w/v
bromophenol blue)& #7tsle] #E EollA 4 3 WARAES AAA
Abgstgith WY dwAXNRE 8% E 10%, 12% Sodium dodecyl
sulfate (SDS)-polyacrylamide gel |4 40 pg/well 2 F2] 3 F 45
(20% methanol, 256mM Tris, 192mM glycin)< AF&3}e] nitro cellulose
membrane(Schleicher & Schuell, USA)S.Z o]FAFth. @ do]
olsH AL 2 AlZF &< blocking(5% skim milk powder/10mM Tris-
HCl, pH 7.4, 150mM NaCl, 0.05% Tween-20)%F % 4T, 12 A7+ &<t
dak FAE e gL 219 2(5% skim milk powder or 5% Bovine
serum alvumine/10mM Tris-HCI, pH 7.4, 150mM “NaCl, 0.05%
Tween-20), WA Z T AR % nitro cellulose membrane &
AlZskar 1 A7 59 Horseradish peroxidase(HRP)7}F 4% o]} &)
(Cell Signaing Tech, USA)E A}8ste] &l wlho| RAE Ut}
O A HE-E7FA L membrane & AIF#{FS AZ o]F  Enhance

chemiluminesence(Cell- Signaing Tech, USA)S-A}g35Fo] 3Folsldt),

4. MTT assay

MDA-MB-231 1.0x10* A¥%E FBS 7} #7}¥ Dulbecco's modified
Eagle's medium(Thermo Sci/Hyclone, USA)8]A] 100 ifZS 96-well A|XE
vkt E3kch 37C, 5 % COy Bi7]ol A 36 A|7F vl & FBS

Qe WAA 12 A ek ohgst sk e Aol 77

N
-

SFII(O 0/me), SFII100nM (0.01 pb/me), SFII250nM (0.25 0/ml),



SFII500nM (0.5 w/m)S H7}s & 37T, 5 % CO, w7 oA 12 A %F
Zol 428 A7l & EZ-Cytox Enhanced Viability assay kit ¢ WST-1
10 = Z2+e] well o] @& % 37T, 5 % CO, vi¥7] oA 6 A7 ¥H-&-

A7 3 450nm oA FFEE AT

5. cAMP assay

MDA-MB-231 1x10° AZE FBS 7} H7}% Dulbecco's modified Eagle's
medium(Thermo- Sci/Hyclone, USA)BI#] 1 m¢E 12-well A|3XE v d3tof
BEF3te] 37C, 5 % CO,.m%E7]old wlF 3 FBS 7} fl& vl ol A
12 Azb st <kAgs ekl EHlE AlEel= 77 SFIIO0  xb/mb),
SFII250nM (0.25 w¢/ml), SFI500nM (0.5 pl/m)E H7Fgk & 37C, 5 %

s EF 78t cAMP

Fd

COz ¥l 7104 30 & &8 ¥r35 AlZ £ A

o

assay kit(Assay Design, USA)E  A}&3 % 405nm A SF=E

=43t
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1. SFIII7} Mitogen Activated Protein kinase
(ERK1/2)¢] Q14tstel] ml &= 3

SFIIel ot AxAsdd Azs dAFar)gsl ¢4 SFs
FRAOR At AZEE A7 fuH ZAEYY ATARE
Fxekgith. MDA-MB-231 st Alxe QIzF F#df ZAEUES
Ag3tles A5 MAP Kinase o <1%sl7b oAdtts AT =wS
Fx08t APE FA A Q3 i ZAE
25 ERK1/2 o] SIibsi7hofa Ha lgs #F & 5 AAvh.(Figure
(A) ¥hd SFIIE AEld MDA-MB-231 W AXEoA= SFII
AT 1 A7HA 2R B IAEsZE £2E U vhF T A E =
2 32 5 A

L3 MAP Kinase 9} &9leAle] Aloxdd 491 MEK 1/2 9] <14k}
Mt SFIIE A 23 ERK/2 8 2ol SEMA ]« 1 A7HA] <14k3}7}
SAHAG7E Al e ARTE AE Hdvh ol FFst = oo



(A)

Concentration of CT
@ 10nM 50nM

P-MAPK 1/2

Time of Treatment(h)

® Cc 05 1 3 12

T P-MEK 1/2

P-MAFK 1/2

Bractin

Figure.3 Western blotting result-for ERK1/2 &MEK1/2

(A) Human calcitonin stiprésses. phosphrylation of —ERK1/2 in.MDA-MB-231 cells

were treated with 30 min

(B) Time dependence analysis of the-effect-on-MEK1/2 and ERK1/2 phosphrylation in
MDA-MB-231 cells were treated with 250nM of SFIII



2. SFIII7} Raf kinase ¢ Q1AF3}o) WX+ <3k

ERK1/2 ¢} MEK 1/2 Z5 SFIIel 98] <4tsr £35H e 425 Zux
AEee A HMed 255 ERKL/2 ¢ MEK 1/2 o dd9s|F= MAP
kinase Al&xd=e] A dAo] 94A3§ Raf Kinase ¢ <Ql4kst =

Zd ¥t (Hindley et al, 2002) o]& ##3}17] 93] Western blotting &
T35},

Raf kinase © 3 74 e dai7t delAdded, ol 5+ 7H%
A7 wel g mAE C-RafRaf-DRIdl ofw] Akl A= xt7] 9]
Aqkst 919k 14-3-3 @A aFde] Az Aol wEk Al el A
g o] A ¥t} (Shengfeng et al, 1995) MDA-MB-231 f3t A3
SFII 250nM/ & A &lstal Alke] mE Raf kinase ¢ {14tst wWstE
A3 A¥ Ca®'% -+ Small GTPase ¢l Ras o &) A4S 7HA+=
PKC 2Z7¥ & 4A3EE AGs]+3 C-Raf Kinase 2 Ser338 7|7}
zarel wls] QIAst QA7 dojubar Sl s #EE = ATk

(Figure4, (A)) " C-Raf 7FH|&Adst JHld of Q487 35 += C-

g dFE FE A7t ALHA e Aoz #E HA

cAMP s% o&EHo=w &ido] iy PKA o ASE ol MAP
Kinase ¢ A3 & HY3+= B-Raf Kinase & A%+ SFIIo| 9|3t d&=
W] e Ao g #EH o] B-Raf Kinase 94 MAPK 1/2 ¢+ MEK 1/2 2

Aaslel FEFE T4 & Aom AEEHAH

10



Time of Treatment(h)
. 05 1 3 12

(A) P-C-Rat
(ser338)
P =Rat

B2 (ser259)
P-B-Raft

(©) (serd445)

Figure 4. Western blotting result for Raf kinases

338

(A) Time dependence analysis of the effect on Ser”**~C-Raf phosphrylation in

MDA-MB=231 cells were treated with 250nM of SFIII

259

(B) Time'dependence analysis of the effect on Ser”>-C-Raf phosphrylation in

MDA-MB=-231 cells weretreated with 250nM of SFIII

445

(C) Time dependenceé analysis of the effect on Ser***-B=Raf phosphrylation in

MDA-MB-231 cells were treated with 250nM of SFIII



3. SFIII7} Protein Kinase C¢ ¢1AF3}o) wjX]&= 3k

MDA-MB-231 %<t MXEeo] SFIIE AHesksls w C-Raf Kinase$}
MAPK 1/2¢}MEK 1/29] 2l4tst &g AxnE Hoh AAsHAl gl Bzt
PKCa/BTl o] <143} WistE w3 Kokt

SFII 250nM< MDA-MB-231 53¢ AlEd &3 % western blot
T3 53},

SFIIE AHelstal ¢ $ PKCa/BOE thzxtel Hla] Qlitslr) o
244 FdelE #FEAL HAF AFEe] AuHA QIS FX1H = B

dj, C-Raf Kinase® western blot A2y} PKCe 23 A7}

g
SH3 g AS BT T4 AN,

SRR

ry

2
B
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Time of Treatment(h)

C 0.5 1 3 12
P-PKC o/BI
| St s e (ThoG35/641)
Figure 5. Time dependence analysis of the effect on Thr®®¥**'PKCa/BII

phosphrylation in MDA-MB-231 cells were treated with 250nM of SFIII

13



4. SFII7} P21-Activated Kinase ¢ ¢14+3}o)] mx|&= 3k

Raf Kinase 7} o}d t& AMEATAYE HA2ZS A ERK1/2 9 MEK
12 st Sxls = AREs a3 PAes g9lstd F P2l-
Activated Kinase 7} MEK 1/2 9] Q14ts} XS f3a & dues AS

golsta o] 2 ¥#&aA}F western blot & 33T

i

MDA-MB-231 ¢t Al¥] SFII 250nM & A glata 914+31= w23l
Az SFIIE AHZg F o 15 E5EH dzaodl nwsix  daksr}
o]glx AI}ES Holm ow SFIIAE] 30 ¥ o|FREHE
#23k = STk (Figure6, (A))

o] A3Z ulgoF P2l-Activated Kinase ¢ <lakslo] 3ks = 4
3}

i
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o
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Ae AZAE BAES HAstaa BE AsdD A5 Western

RaL o] Ay ER Qs Raf Kinase & #AAA|

Q) %
ERK1/2 ¢} MEK 1/2 ¢ Q13tshr 3 2 4 55 AW 77}
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(A) Time of Treatment(h)
¢ 026 05 1 3 6 12

b B B B B L o . P-PAKI1/PAK2

DA A

(B)  Time of Treatment

A6 )12

é\@ Ras

*&F—actin
|~

-

cells were treated with 250nM-of SEIIL-——
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5. SFII7} cAMP ¢ sE=R3}o nx= 93
MDA-MB-231 %<t Al¥o] SFIIE AHes%S W Protein Kinase
A 9 ANFAYE AR AFS FE cAMP 9 FEWIE FE R A
SFIIE 7}z 250nM, 500nM < A3ttt (Figure 7) A3@ZAx
250nM ¢ SFIIE A 23 MDA-MB-231 f<F AlEoA= 0.414pM,
500nM  ¢] SFIIE A2ldk MDA-MB-231 f%¢ AFoAds
0.4pM 5%9 cAMP & &<lalqith ey #2d AaEo A% jhol
fFojmet ®WelE "ojd Az wokenm kEdH ES dxad
0.389pM #} B3| gke wl HA] SFHIel et Alxd W] cAMP 9

sEsel feolpd JRe FA Rahs slow oA,
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SFIII concentlation for
06 cAMPassay(pmol/ml)
0.45 0.389333 0414 04
1 T
03
0.15
0
H control U 250nM U500nM

Figure 7.

Measurement of intracellular cAMP concentration in MDA-MB-231 cells were
incubated with SFII 250nM(0.25.4/me), 500nM(0.5.4/m¢) added to the cells and
incubation for 30min in 37 C, 5 % CO, condition (**p<0.01 ,*p<0.05)

17



6. SFIIo] %o WE AE &L nx= g3

SFIIe] MDA-MB-231 1t AEe] AlX A= vxE o

0%t
o

A#3sLa1 2 MTT assay & A 3313t}

e AFAE 100%% 71%S w3 zZbzE SFII 100nM, 250nM,
500nM & A Z3tls o FoHd AEES vwdk A3 SFII 100n o A
96%°] AEES Ha, 250nM oA 108%<] AEE, 500nM ol A
103%2 AEE&S Jehydn 328 23S vusfd MDA-MB-231
T AEE SFHIO 9&) AEEo] A FFHAY AEEC] A

Hashs oW 4= #EE gl wEbd SFIIZE A2
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SFIII concentlation for
s cell viabilty(% of control)
T
1 T T < T
0.5
0
OControl 0100nm 0250nM  B500nM
Figure8.
MDA-MB-231 cells were incubated with SFIIT 100nM(0.1 x¢/m¢) 250nM(0.25 ¢/
m), 500nM(0.5u4/ml), added to the cells and incubation for 12hr in 37 T,

5 % CO, condition (**p<0.01 ,*p<0.05)
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ERK1/2 X SFmel 93 <237t gL =A% E. western blot
AFAN}E HFEQa ol ws] A EY3}  SFIIE B3

w9 ® gd@gel tEnks AL 223 7t gl

Rl
)
-
KN

AP Ao e F2Z2 cAMP ¢F PKA ¢ @A &) ¢lilslrt 245 =
B-Raf ¢} Ras ¥ PKC o2& F2 AleddsS Wol g3l 5= C-
Raf(Kolch et al, 1993)%% 1At} Aol JAFHI Y= AL

#AZ319 Tl o] SFIId <3 MDA-MB-231 A¥¢ MAP Kinase

ANz AYE A27F Raf Kinas & 4354 &3 ofidbAIl MEK1/2 9
QMBS =X = AERE AXEAS Aol o]Fo] A= Ao
F=SH A

P21 A Axksla A (PAKL/2)9] Fd884a I552 AxXzd AxA4,

MAP Kinase A& dE, Az A5 dd, 5o #+(Knaus et al,

v

1998)3h= A& de Ex}oltl, PAKL/2 7} Raf & ZAR3HA &a 2 H
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MEK1/2 9] 1itst &€& 38 4 Qloh=(Park et al, 2007) 7]&
ATE Faste o]F AL 3 3 Ay HAZ SFlIol os &gt
Small GTPase ¢! Ras & 73] PAK1/2 7} MEK1/2 2] ¢14k3} X
dedS % western blot AFAHE &2 & = S

SFIIE $AES AL oA A7le &S Yehgx s kAt
Axze] AEY AF-Eshd @2 A7t A= MAP Kinase 9] <l4ks)
4o #ofsts Aom Hol Alxe A F3 fyEE AxEd gig
ATE AL JPstE E E AFAAE ES 7 dE B4R Agdrh
w3 SFIIZF Ca'?o] &%l PKC ¢ 2aksl shigol J3S F1 e

ZAoR RHol AMEFE U Cg'% 9 F% WM3lyl dojutil g Ao
)

2z, mebd SFIE] o3 AE el Cal? ol #AR BLGA A
ZZAE B AT SFHY d %o 0 FAATE e
Aow AZhAr,
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Mitogen—activated protein kinase(MAPK) %+ Extracellular signal

regulated kinase(Erkl/2)2}a E&&= <3l &4 15& ¢ vk

rlo

L

58 a7t EA5=d P A3E 15 Raf-MEK1/2-Erk1/2 9

3 70¢] kinase & A7}

s
r>~
fol
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mﬁ
HU
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:L
=
>
"
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rlr
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10,
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AZato| A Azl 37tx Addsts vl fF2el AlsHAY A 2o

A FALS oA &8st HEVIAE (Asterina pectinifera) Z5-H

MDA-MB-231 AlZF] SFII& AZstHA 2527 fFAkgH

ZEA B (Calcitonin)S i ZT O 2 A}

OFO

stttk CT & MAPK ¢ QI4hst=

N

AAA 7| HA  MDA-MB-231 o 93  FUHA

o
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Western blotting
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