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W E7MAL 2] (Patiria pectinifera)ol 4] &2 3 Orexin A-related peptide®] &
PSS AT E 25 A 24
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Orexin A= Zt4 OFX3t, MA 23 =&, CIE AMZF MY SZHe &5 ZHS0 205t
E ez UZ AMAHA HElo[=O0|C. AlZFA FHEFO|E (Neuropeptide)= AIA| LHOIA Al
AMYEA = od =EI 2ABE SRSt Jos sl= FEOIER, A WA Ciee
ghaby Al2~"el = 2oistE Ze=E 2B A UCt olgfst AN FHEOIEE HFEES
AU FHAFSEC o =ASAM LHET Aen, S5 EIAIELE YA &2 ITEE
of tEy FEOIEE ASLMSAHoZE RAHFEE SUME 22fel FM FEto[=8t 7t
PRSI 2E=of ACED Ae{A ACh MEtA FTSSAAMel HZ Y FEo[=2] HA
U FE-EA 2fel A2AAN e H7= S5 ARA RE8 Jgs & + US Ao

2 AF0AME 2nSEQ YEIIAIE| (Patiria pectinifera)?| PEH0|Al HAE Orexin
A-related peptide?| OIOIO|ESt 88 =0[7| #8t oaf =S E©MsiH, AT FHEO|
=9l 28 5 Mol cfsf] ot=7| 3t MEES stXHCt

Orexin A-related peptide®| £AI2f Q 1X} 7
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0| 3,466Da0|2, 3709l 0|3l AES FAst= 67H2] AIAEIIS ZEst= 33742 OO
toz  FMElof  UACtE ol  EHelERUch MzE HfHEE g w@E 4l
PET-28a(+)-TrxAE Al25}0] 0[F LH A[L~HoM MMHE[RASD, CNBr HEE S C-E
Q| MetE& ECHtE0| A =Bl Orexin A-related peptide (r[Leu33]PpOrxA)E M AFSIECE O
H MAE A ZSF Orexin A-related peptide (r[Leu33]PpOrxA)e= C-ZUCHO| -OHZ[E X2

QICt, ot&E, RIAHAHOW =X &= native Orexin A-related peptide= C-ZICtO| OFOfO|E 3lE|
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Of QUcCt., [MEtA Carboxypeptidase-Y (CPD-Y)Q| Met-NH2  HC1E& AFR3I0{ ofOrO|=Est 23

g 2dsict. ofoj=3l IAO|A pH, CPD-Y LU DMFS| 2UE HEIA[Z K{Z=F Orexin

A-related peptide-Met-NHz (rPpOrxA)2| MAit =88 =0[7| ¢8F 2= =28 = AlsIFCY.
HA M= FEIO[=2| ofnjo[=3f HHEO UOA pHO| ©

£ Eolotrct, 37tX[ =Z1(pH 6, 7, 8) & pH 60fA MAit =80] Jta &

C}. E8h, CPD-YQ| 2f0| M4t S0z FeFS DX HAS

ol M4 B0 2 HalE YoI|X AL

rPpOrxAQf 28t 28 = M2 E7FAtE 2] 37| =2|(apical muscle, cardiac stomach,
tube feet)O|Al ZRIZ|RUCt rPpOrxA= 37tA| =ZE| = apical muscleO|A] 7taF 28t &

gos =
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AN 734 AErol = (Neuropeptide) = A A oA AAHAGEZD = A7
243 #dd T8 9IS st HElo|==2, AA UolA v
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12} A ZFE o Semmens et al., 2016; Kondo and Akasaka, 2012].
sto] £ A ¥ ® (hypocretin)ol 2t &8&  Orexine &
hypocretin 2 &}l A} f-2j ¥ o H ™ 27§2]  G-protein coupled

receptoroll ZAaslE A AA FE)o] E ol tHSakurai et al, 1988]. ©] & W E}o]

23 prepro—

i

=7t AgH e Aede 7isy 2Ess sk, odyA A, 2E
gy e %W R AaEe lojA ol e FRdTal dE A itk
=, OrexinZ 9 2 24 BelE Astal olyA &40 #dolstm, 4

/)
He zdshs AdeRel dn 45 Adse] 9y wiel ¥4 482

Tsujino and Sakurai, 2013; Shahid et al., 2012].

Orexinol = Orexin A%} Orexin B9 ¥ &7/F7F =4



°] Orexine 9|5 AletT FHolAwt et delx vt [Giardino
and de Lecea, 2014; Tsujino and Sakurai, 2009]. %] F& &4 X 1% Orexin
o] A= AGat)e] ¥ FEEAA FdH Orexin A% Orexin B7F 3l
=4, °]= X% Orexin receptor-1 (OXjR)¢] ]7t=9] sFH ). Orexin
AT 3371 o}r] =42HELPDCCRQKTCSCRLYELLHGAGNHAAGILTL-NH>
)o 7 FAHe gom Felol= AL Yol 4719 cysteine F7]E 7HA
] Cys® - Cys'?e} Cys’ - Cys' Afololl 270 ¢] disulfide bondE 7}A a1 9=
Zol EAolth. ®3 Orexin A N-Zthof| pyroglutamyl 715, C-¢dt
= -NH;= ofufol=3} Ho| = JElE 7FAaL At Orexin B= 28
7hel obr = HRSGPPGLQGRLQRLLQASGNHAAGILTM-NHp) .2 -4
Hol glow, C-"do] -NH= ofnfe]=std Ay HAgel=gta el A
gtk A7 Orexin B Orexin A9} Y27 cysteine F7]E E3F5HA]
7] wio| disulfide bond7} £A3FA & oW Orexin Ae] A g3} 46%
TYs A7IHE S R dua dE A QA THTsujino and Sakurai, 2009;
Semmens et al., 2016].

Orexin A9} Orexin BE F, A& 22 HFsEoA Eo] Hilyo
gk}, SEA W H - transcriptome Ao oSHH F 2 FFE 25 Orexin
At AR Mds AYe 4o EAgd BRuEAr. FHFEEY
Orexin A9l A% Helol= AL Yol 6719 cysteine 7S 7FA 1L
Aom, 349 disulfide bonde BAsta U+ Aol EHolth, FHFF&E
o] Orexin A= ¥ H o2 E7MAE] Asterias rubensollAl 7% Orexin
A type protein®] AS™[Semmens et al, 2016], ©]o%E E7IAE QI
Ophionotus victoriae®}t A2l Strongylocentrotus purpuratus®l < =
aligment 23 Orexin A-related peptidez} &%= E2 o 2AHo] HI

2 v} (¥ 1) [Zandawala et al., 2017]. A% o] & Orexin A FAF &



£ A% P2 HEHS AR oFH 45 Ak

7}A & prepropeptide® AJAkH o] of2] W F WY (post-translational
modification) ¥4 S E3 active peptide® AAtEth WA prepropeptide
of £A)3F+= signal peptide’} signal peptidaseo] ol&] ZAdHtE 1 &
dibasicdt A€ (RK, KR, RR, KK)& propeptide convertase 2} & 47}
¢l A &to] Aeto] dojrpar, o] w dibasicd #H7] 2ol glycineo] &+ #)3FH
peptidylglycine a-amidating mono-oxygenase (PAM, EC 1.14.17.3)8}+=
T4 o3 A H el Astd Aol dojua C-Zwo] ofwfol =3} H =
ANE Z Y3t Kapuscinski et al, 1993]. ©] 2] 3k o}jwlo] =3}l= I E}o] =9
AESHY e o] 83 S drhar dHA UtHKolhekar et al,
19971.

B A F Ao A= ol de W¥WE7IAME (Patiria pectinifera)’} &< ©] %3}
Av A4 282 staa & o AAgke & F 71 ¥l B (tube feet)oll A
=5 = A4S e E AYEA #MEo]= Orexin A-related peptide
(PpOrxA)E AAe At dE7MAe] dFolA FAlE PpOrxA= 42
F2YE T3 A9 ¥ FEEAM ¥ Orexin ASH Fd3HA 33709
ofni=qto 2 A EO] e Ae W Wle R o] EE2 AE Yol
6712 cysteine *F71E 7FAAL Jom, o] cysteine 7| E0] AE AFS
st 349 disulfide bondE ©lFi Ath= AS st =3 o
FAglolms FulA EI7FALg o)Al transcriptome Ao o) Eeld
Orexin A type protein®] X3 A& HAALE AA& 2 23 6719
cysteine $+7] ol¢fo ke & A UETE ASs st (LH

1). ¥ E E7MAE 39 Orexin A-related peptider= 2 FE oA WA
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HE7Abe dF5ol A AAld PpOrxAv 8hohA W st st s
F8 Aske] Zhesitt A W oRE IAFAAUS AHES 5 AR
Fefol= A A] B AFo A AgE PpOrxAA & 6
33 7)ol algets Mdel A A @rF Wl Slo] an&
of £t Aol Ak EZF A o] Foll= ofn| =4t side chain®] H 57
55 AlASIe] disulfide bondE =HEA FAdsioF st o Aol A
AakA] ke vhdst 23] S-S Aol IAE F vk wEA 2 A
Aol A= o] FHA FEYS E3 WX PpOrxA A4EE& ol &3t

—~

o] recombinant peptideE AAtstE AESHY WWHOE  recombinant
Orexin A-related peptide (r[Leu™IPpOrxA)S A2 o=z AistH Tt sf
ARk B Ao A A {Leu”PpOrxAs C-Zwre] - OHZE o] gl7]
o] o]F ofmfo]=3H(-NHy) st Aol Fasity.  Recombinant

peptide®] C-Z& ofmpo]=3} o= AA 38t Wy} A=A W

Hol &4 & HHenriksen et al, 1992]. M A C-" & ofnto] =3tsl= 313}
A g9 SolAdo] Hlw A FA Fom whgA[te] e Advh=
GHs AYa Ak =3 peptideZb BFSA oFd wHE-5E7] flef A ko]t
A7 e aolA wEE dfobste A9-7F Sy witel HErol=
9] side chain® -COOHY - NH,¢} #-& functional group®] hydrazine,

ammonia ¥ ¥FE3le] YdtA P HukLS doA o= £ Qe v
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Al 7]+ transpeptidation
o= 7HAAL 7] wiZell ol & o] &dto] FrbEgle] ofmiel=3tE st
= Ao] 7}ssltHBreddam et al, 1991]. whebA AESHA B vlas] w
= W sk W oy dxe]l EAE] wiel 2 AFdAM=
rLeu®PpOrxA2l C-2S A&
2 ofwlo] =3} 313

% 20 vErd A3 o] CPD-Y7F ofrte]l =3} staixt o= fEel=
b wkgsto] C-Tes ZhEdisto]l AAstaL, C-2dke] AAE £

Zuh2 - NH;2 ofvfo]=3} o} gl ofuiedl FEAE X&A7E

d

£
e

4

24E5 A&kl Met - NH

transpeptidation 2F-8-< 3} amidation modification®] FA Fc}, o]z 3k
HES-o] 9lojA CPD-Y+= C-2% 91 %9 Phenylalanine (Phe), Methionine
(Met), Leucine (Leu), Alanine (Ala)¥} <2 HreEE ofw|:=Abolyy A4
obn| .4t W77 EAY AR HAFA ofE A U7F = A BY Ut
Fadlzl EX v @ dojdrta H iy o] ltHBreddam, 19861, AlTH7F
CPD-Y+ pH, dimethyl formamide (DMF) 3} Z2 og A2 W3}
upe} ofwpo]l =3} REZo] QlojA mAe] 7k e} transpeptidation #H-&-

o] 93rs W=ty el At [William and Schuster, 1991].



C-ZT& native form¢ -Met-NH,2 ®HES] F7] 98t 4=
CPD-YE At&3t9a, 7122 r[Leu™PpOrxAZ, nucleophile® L-Met-
NH,. HCl& Ab&sto] ofmpol =3} wb&-& AT o] ¢ H&°] CPD-Y
o] 7bEal et transpeptidationd] 9IS F= pHeE &njo] ®iste] ube}
PpOrxA-Met-NH, (rPpOrxA)e] A4t &5 H|usts 2dS 2 &33tA
.

PpOrxAE HE 7141 g = FEES AFE3FY] apical muscleo] t gk
THTFEVS 24 58S Tl AAEHAY. " B AdoA s EEVE

A2l 9] apical muscle £]9 cardiac stomach?} tube feet Z2S X33}

o,
i

37FA ZZ oA rPpOrxA-Met-NH, (rPpOrxA)el &% F£= A& o}

wnA gom, vAue s PpOrxA A4S MR U 24w 2
A2 obry] 91814 RT-qPCRE 44319



Ovic

Arub

Spur

PpOrxA

oz 1. 2 sE°2 Orexin A-related peptide MY, AnE7HALE,
Ophionotus victoriae (Ovic), 82~ & 7FAF2], Asterias rubens (Arub), X
2+ A, Strongylocentrotus purpuratus (Spur)®] Orexin HEol= A< =

W 5 7 ALe] (Patiria pectinifera) Orexin A-related peptide (PpOrxA)e] A

[e=]
=.



(AA? # Arg, Lys, Glu, Asp)
H - AAN - AA%- AA3- AAZ- Leu - OH

H-Met'-NH,
CPD-Y (Nucleophile)
H-Leu-OH (AA" £ Pro, Glu, Asp)

H - AAN- AA%- AA3 - AA2- Met' - NH,

g 2. Carboxypeptidase Y2l transpeptidation; Carboxypeptidase Y
(CPD-Y)¥] transpeptidation 7]sS ZHS=Z YEUAT CPD-Ye Az
2 Z& -Leu-OH7} 7tEaso] Awhs il transpeptidation 7]%5S %
3l nucleophile® A}-83 - Met-NH, o2 X|sh# T},



PpOrsA MW 346606a
GNACCKGTCHEIPKGCNCPYKAVLCGELNTLTM - NHy

r{Len®BpOrsA 3490305
GNACCKGTCHEIPKGCNCPYKAVLCGELNTLTL-OH

12 3. Native Orexin A-related peptide (PpOrxA)2t recombinant Orexin
A-related peptide (ALeu®]PpOrxA); native Orexin A-related peptide
(PpOrxA)=  C-gdo]  Met-NH,=  ofmjol=stylo] Q&= HEH,
r[Leu®PpOrxA¢l %ol C-2do] Leu-OHE Ho] vl wabA
MLeu”PpOrxAE A4H3t 5, ofujo] =3} #A o] &9 3}t



2 AF A AR HAYEES FAGYA Sl 71T Ao A
A3 W BIMAYE (Patiria pectinifera)S AH&3stth. A3 3 HE7FALY

2.1. IPTG inductione &3+ fusion T 3}k

pET - 28a(+)-TrxA fusion vector® d&A XS FEscherichia coli BL21
(DE3) 5ol Isopropyl B-D-1-thiogalactopyranoside (IPTG)S =] @] 3}
fusion T A o] yuty of B = FolstaAl 39tk 14 mL Round-bottom
tube®ll Kanamycin 30 pg/mle] *¥3+¥ Luria-Bertani medium (BD) (30 n
g/ml KLB) 5 mLE #5393 #F3% 30 ng/ml KLB 5 mLel pET -
28a(+)-TrxA fusion vector= & &8st Escherichia coli BL21 (DE3)
FZ seeding?d 5, 37C, 200 rpm ZAH O 2 16A17F FoF vt} v
Y 30 pg/ml KLB 50 mLol] seed cultured #5= 1 mL Yo & t}g,

#3433 = Al (Mecasys, Optizen Pop, Korea)?] O.Deo #©] 05 - 0.6°] 4
ATk weF o= 50 mL conical tube®] 25 mL 2 53T 25mL

4 2FE T oshtbe IPTGE A8 gga, e e 4% swst

0.lmMe] H =% IPTGE Adsiddd. + =3 25 37C, 200 rpm =41

_10_



o2 3AZF vfeFEE T vl Fol = cell lysisE %3l insoluble®} soluble
2= #2389 SDS-PAGE (SDS-PAGE separating gel conc; 15%, running
voltage; 170V)E 2 A] &1t}

2.2. Recombinant Orexin A-related peptide (r[Leu®™IPpOrxA) A2+ Z71
Recombinant Orexin A-related peptide (r[Leu®|PpOrxA)E AAFst7]
3 pET - 28a(+)-TrxA fusion vector® HAXASH E coli BL21 (DE3)

TTE5 AFE38o] seed cultured SFFTHI®H 4). Kanamycin 30 pg/mlo]

ﬂl

¥3gr¥ Luria-Bertani medium (BD) (30 pg/ml KLB) 5 mLel| E. coli
BL21 (DE3) #& ¥F35lo] X &u] 7] (Gaonscience, SW-90F, Korea)©ll
A 37T, 200 rpm 2= 16A1F &F g dTt ohed 30 pg/ml
KLB 50 mLell seed culturedr ¥+5 ZZF 1 mLY Yol &+ v, ¥33
TA9] ODgo @t©l 05 - 06°] == gujtr]olA 37T, 200 rpm
ZHAo =z oF 1AZF 308 &<t vl (pilot culture) 3}

Hj kgl o) Isopropyl B-D-1-thiogalactopyranoside (IPTG)E FHZF%
1 mM¥ 05 mMeo] Hx=%5 Hrbsto] &ujFzlel A 377C, 200

0
rpm £ o= Z47F 3AIZE 6A17E ul oFst it

_11_



Thrombin 7
cleavage site Trx A M ”[Le“ﬁ]PpO“A \

pET-26a (+) fusion cDNA cloning

——

Recombinant protein

N 3 s 97N

O3 4. pET-28a(+)-TrxA fusion vector. ¥ A729 ojd AFoM =
pET-28a vectorg AF-83Fo] transformation$t Escherichia coli BL21
(DE3) w#+% ol&3to] r[Leu®IPpOrxAE Aitatdct Axg @ids
A A9 rLeu®IPpOrxAc] 2+ cysteine Z7]E50°] disulfide bond=
Z+ A2 317] 98] pET-28a vectoroll £A43t= T7-Tag YA = A

I il Trx AS A8t T3 CNBr cleavageE 9389
Mets & F AT

_12_



Hjoko] Euta o . ALeu®IPpOrxAS A4kel7] 9% IPTG induction 3
A 21E st 98 5714 =A™ (3 hr, 0 mM; 3 hr, 0.1 mM; 3 hr,

05 mM; 6 hr, 0.1 mM; 6 hr, 0.5 mM)Z SDS-PAGE (SDS-PAGE
separating gel conc; 15%, running voltage; 170V)&E 2 8§&}o] iz h
d A7 st SDS-PAGEE %3 IPTG induction®] 4 Z=7&
selstgion, Fde Wy oR E coli BL21 (DE3) #F% 15 L KLB
medium®] ¥l ¥(main culture)dt 3, FolE HA zHoR  IPTG

inductiong 2 A18+o] Leu®]PpOrxAe] o A AHS A A&} T}

2.3. r[Leu®PpOrxAel o= A4k

2.3.1. [Leu®”IPpOrxA= FAAE E coli = m &

6709 14 mL round tubedl 30 pg/ml KLB medium= 27 5 mL*
(total 30 mL KLB) #5% %, 2719 tubeol F&EH$HE E coli BL21
(DE3) % w735t eujdr]oA 37C, 200 rpm X2 164 7H
ot wtsat v 30 pg/ml KLB medium 1.5 Lol 83t +F=
T8, ODsw #k°l 05 - 06°] Yo x5 H&gujdrelA 37T, 200
rpm A0 = oF 1AIZE 30 EFF vl Fstith. ODew #hs Feld , A
T %7 01 mMeo] HEE IPTGE FYste] "ujdrlelA 37T, 200
rpm =08 AR vt Wi o] el ¥4l +8(4TC, 3,000x g,
2052 AAste] A=A pellets EHSEPT EHE pellete 1X
phosphate buffered saline (1X PBS, pH 7.4)& A}-&3}o] washing I43&
3 A AT Washing ©] %o & 1X PBSE AF&3to] pelletS A EeS
o} dAg Ao 20 mg/ml Lysozyme(Lysozyme from chicken egg white,
Sigma, MO, USA)S #HE s%7F 100 pg/mli7F S =& T35k 1417+ 30

5o Ao A HrSAA cell lysisE A A3 3L, Sonifier 250 (Branson
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Ultrasons, Annemasse, France)& AF-&3Fo] duty cycle 30%= ¢F 2%3F
sonicationd 7 & 3}A T} sonication®] €% sample2 94 24T, 3,000

xg, 30+)3Fe] A5 9 (soluble) ¥} pellet (insoluble) &2 2|3}

2.3.2. Ni-NTA A A

44 Y5 B8 EEE 43S A (soluble)?} pellet (insoluble) Ni-NTA
agarose (QIAGEN, Hilden, Germany)E A}83le] His-tag affinity
purifications X883 th. WA pellet (insoluble) 1X binding buffer=
ettt 1X binding buffer®] =42 tha¥ 2t 1X PBS, 8 M
Urea, 5 mM Imidazole. @& A #2](25C, 3,000 xg, 30&)E =3l
S AT Hsko] Ni-NTA agarose$t A= Edsto] A2olA 143F 30
B ot WES A AT ASd(soluble)S 2X binding buffers =349
soluble sample¥} 1:1 & &% 3} 1X binding buffer AH= TE &
Al B2(4C, 3,000 xg, 30%)E AAstl 2X binding buffere] %4

~
2,
[}
-
d

flo

&3 2ok 100 mM NaHsPO; 600 mM NaCl, 20 mM Imidazole, pH
80. YAEHE Tl ®Hold F5dLS A I Ni-NTA agarose®t &3
sto] 4T A 1A% 30 &<9F RHSAIF

Ni-NTA agarose®} WFS-0] £t insoluble ¥ soluble sample< Pierce
Disposable 10 mL polypropylene column (Thermo fisher Scientific, MA,
USA)ol| #5384t} Pierce Disposable 10 mL polypropylene column®l
3 & 74749 washing bufferE AF83le] % 3H washing 343 4
AlstA el Washing buffere] =A< tS3 vl insoluble washing

buffer, 8 M Urea, 5 mM Imidazole, 0.5 M NaCl; soluble washing buffer,

M

50 mM NaHsPO4 300 mM NaCl, 20 mM Imidazole, pH 8.0. Washing

Aol By Foi= 2179 elution buffers AFE3}e] elutione %13§ 30

_14_



Elution buffer®] Z4-& t}-3 2t} insoluble elution buffer, 8 M Urea,
500 mM Imidazole; soluble elution buffer 50 mM NaH>PO,; 300 mM
NaCl, 250 mM Imidazole, pH &.0.

2.3.3. ¥4 % CNBr # ¢

Elution®] +#% insoluble¥®} soluble sample Spectra/Por Dialysis
Membrane (Specturm Laboratories, Inc., Rancho Doinguez, CA, USA)
(standard RC tubing / MWCO : 6-8 kDa)S AF&3le] F4& 2 A9
t}. WA insoluble sample®] -9l dialysis membranes 5% acetic
acidell ¥o] 587F &AstA1Z v} Dialysis membrane?| activation®] €%
%™ insoluble sampleS membrane]| EF Y& ¥, °]= 5% acetic acid
4 Lol Yol mub7] oA REAIZ| W 16A17F &<t T4 s
Soluble sample®] 7d-%-°+= dialysis membranes 1X PBSe| Yo 587+
A BIAI A 21 soluble sampleS Y2 dialysis membranes 1X PBS 4

Lol ¥3 wREAZIH 1643 &<k FA4S 3. FHo] &

-

rr

insoluble % soluble sample 50 mL tubed] %7 93, H|Y

facs

0%
X

dialysis membrane®] = 50% formic acid 1 mLE % ©]5¢] washing
= AARE H, o]F 50 mL tubed A ¥olFdu "o m o4 &
(4C, 3,000 xg, 24)E MR o, 44 &£ o]Fod= 44
sttt =A4Ax7 Y sampled 50% formic acidE A}-8-3ho]
oF o, Met 4719 C-2s Adshr] fste] HF w%=7F 10 mg/ml
7} ¥l % Cyanogen bromide (CNBr)< 77} sampled] #2]3t%tt. CNBr
2] ® sampleS ZgHjE7o A 25T, 200 rpm ZA O E 8A|7F H¢F oF
S-S AsA T s o] Foli= 7] volume? 10¥]7} HEE 33 F

F2 3lAste] CNBro #8485 EdA43AA F3th. CNBr A7l &4

A

=
= 2

>

e %N
29

3l

i
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sampled TZAAZXE AAsdew, F2A%E rLeu®IPpOrxAL 0.1%
TFA7F 239 SR/ 275 mLE AH&38te] ¢4d3s] HoF v, reverse
phase high performance liquid chromatography (&4 HPLC)ES 2 A]3}<]
wE AR 944 HPLC =712 o531 2tk CAPCELL PAK CI8S,
10x250 mm (Shisheido, Japan), 25 - 65% acetonitrile/0.1%6 TFA, 40, 3

ml/min, 220 nm. ZAH FIELS FHAAZXS 2 JHE B

24. r[Leu®IPpOrxAe] C-#et ofnjo] =3}

AAE PpOrxAE C-2the] - NH,& ofwpol=3s}l s dAnt Azgo
2 P43 r[Leu”PpOrxAS C-Htto] - OH=Z o] 97| wio] ofnfo
=55 AYsAth 94 rLeu”PpOrxAe] C-Ztel] EA)3HE Leu-OHE
Azl flskel  Zheel ek transpeptidation #E& st a9
carboxypeptidase Y (CPD-Y)E AF&3tAth B3 Leu-OHE AT3H &
Al nucleophile® A}-&3F L-Methioninamide hydrochloride (L-Met-NHo.
HCl, 98%)< =X &3te] C-Eero] Met-NHo2  ofrtol =3} rPpOrxA
-Met-NH; (rPpOrxA)E AAbstaizt stk L-Met-NH, . HCl> EDTA ¢}
A ST =9 60 mg/ml L-Met-NH,.HCI (6 mM EDTA) =719
nucleophile stocks #2353} tF. Nucleophile stock® 4% 3 M NaOHé$¢}
1 M HClIS AR&3te] 8k pH 218 250 Azednt. bso=2 &
Az %% r[Leu”PpOrxAcl nucleophile?] L-Met-NH,. HCI& 1 mL 4]
A3l moAF9lar, 30T &2 FxoA ofrnfel=3} wh3-S AAeAH. 7}
HE-S- A7 WH(CPD-Y A8 A, 0, 5, 10, 15, 20, 25, 30 min, 1 hr)Z H-&&
=2 100 ul & #H3Fe] 100% acetic acid 280 pl¢t 32 =7/ 620 ul& &
ot 15 mL tubed] Wi AAAALAZ S5 JAAFHOZA G490 7h

3] 283 transpeptidation 28-S EEAIAA FAC. ofufol =3} HE

rk&

_16_



g olF, 7 gAY WERSE o HPLCE Fa Hal-4459
94 HPLC =712 v 2t CAPCELL PAK CI18, 4.6x250 mm

(Shisheido, Japan); =7 1: 25 - 38% Acetonitrile/0.1% TFA, 26%, 220
nm, =7 2: 23 - 38% Acetonitrile/0.1%6 TFA, 30+, 220nm.

5
% HPLCE &3 &¢-AA Fof ofmpol=s} REgo 2 rPpOrxA7F A
e ALEA=A Fstr] s 24 £8E52 Q-TOF LC/MS (Bruker
maXis - HD Ultra LC - MS/MS Q-TOF system)S A}-&3}o] Hx}=F
S =A% Ak Q-TOF LC/MSe| A& Waters Acquity UPLC BEH C18,
column (2.1 mmx100 mm, 300 A, 1.7 um, Waters, Milford, MA, USA)<
AFESle] A4S stelen, Ay 2L th33 Zth Mobile phase A
buffer, water/0.1%6 Formic acid; Mobile phase B buffer, Acetonitrile/0.1%6
Formic acid; 20 — 30% Mobile phase B (0 - 10&). %2 249 53
u+3] 2l Orexin A2l A 9SS vIE O F Expasy toolS AF&3Fo] native form
Orexin A (PpOrxA)¢} rlLeu®|PpOrxA¢] o224 Ea=HS  Aaksto]
LC/MS® 43 89 By o4 EAF o] 4% dS e

W= vkl

26. a9 grjo] & rPpOrxA AAF =& W3}
26.1. pH =71 A4k =& W3
Nucleophile®] pH 7w ofnfo] =3} Hl-2S E3F rPpOrxA-Met-NHy
(rPpOrxA)9] AAk &8 vasty] 98] 374 =2 (pH 6, 7, 8)o.2 dd
< AgsAY. A FHTl L-Met-NH,. HCIE 300 mg =91 &, HF

FE7h 5 mMo] HEE EDTAZ &8st o2 3 M NaOH¢H 1
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M HCIE AAZF AH&ste] pHE 37FA =% (pH 6, 7, 8)°l BwtA A=t
H, FFFE AEst] HE volumes 5 mLE 3ol 60 mg/ml
L-Met-NH,.HCl (5 mM EDTA, pH 6, 7, 8 nucleophile stock= | %}3}
th T A0%9 rLeu®IPpOrxA 196 pgoll pH 7% nucleophile stock
S 1 mL %9 vortexing?d H, 22 pg/ul CPD-YE 2 pul 83
CPD-Y& %L & Holl&= 30CelA w-3A17]w, 2+ §FgAZHE (CPD-Y A
2] A, 0, 5 10, 15, 20, 25, 30 min, 1 hn)Z ¥§=S 100 ul A sk
280 ul Acetic acid®} 3% =/ 620 plE =33 1.5 mL tubeol] Yo <
AdL2E 35 AN e=ZA ZACPD-Y)Y €45 E2438AA
o Zb 9§E2 94 HPLC (Shisheido, Japan, CAPCELL PAK Cl18;
4.6x250 mm, 25 - 38% acetonitrile/0.12%6 TFA, 26%, 1 ml/min, 220 nm)
2 25 en, Q-TOF LC/MSE AF&ste] rPpOrxAe] AAAFE &
Aoz g5t wAE 54 ¢ AAdE - NH; type (rPpOrxA)<]
peptide %3} ojwlol=3} wkSo] A}-&3 -OH type (rLeu™]PpOrxA)e

peptide®] ¢= BlaLsto] A4k F&S s

E

262, AFEE B0 Yol wWE AN & W

ofufol =3} W&o glojA AFEF &4 (CPD-Y)¢ %o & rPpOrxA
o] A &S5 wusty] Y A¥S sk WA 60 mg/ml L-Met-

NH,.HCl (5 mM EDTA, pH 6) nucleophile stocks SZAZAA FAd
Leu®IPpOrxAc] 2ol rLeu®]PpOrxAS £33 Hola& the, 22 ng/ul

CPD-YE 7Z}7} 05, 1 2 2 ul2 4S8 tg=Z4 ste A sk 5, olnfo]l =3}
HES-S A E gLl 7tz tgE 2w 42 AP I, 30TdA v

=
S AAHY AT dEeAZE EE2 9 ES 100 pl® FHske] 280 ul Acetic

acid®} 32 F7H4 620 plE €3 15 mL tubed Hol AL F&
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WANGeRA Fae BHES B AA T 4 weBe o

HPLC (Shisheido, Japan, CAPCELL PAK CI18; 4.6x250 mm, 23 - 38%

o

acetonitrile/0.1%6 TFA, 30%, 1 ml/min, 220 nm)S Z3&3te] F&39 1L,
8- HeEl7F Eyd g Agy sds ez Q-TOF LC/MSE
AbEste] EAE 54 S ot BAE 54 o+ rPpOrxAe] &} of

U}O]Ej’:} HE-S-o) A]’%‘iﬂ' T‘[L@UBB]PDOTXAQ oro H]ﬂé]—oq erOrxAQ Al

2.6.3. DMF A& offo w2 A2k & W)

Henriksen, et al. (1992)oA 7] & & A}-&3F peptideS DMFo| =<l H,
ofufol =3} wh&-& T3t 7] WEol DMF| AR of Foll mE rPpOrxA
of Aat & WaE FUstaa stk ®A 60 mg/ml L-Met-NH,. HCI
(5 mM EDTA, pH 6) nucleophile stock 500 pl& Al&3le] s24AxH
r[Leu™PpOrxA 98 ngs €43 =o|E b, 22 ng/ul CPD-YE 1.86 1l
A gl staitt. ofmpeo]l =3} wk e 30T &= FxoA v
SAIZAH. ofntol=st RES-S X8}
A #H3Fe] 140 pl acetic acid &F 3%
mL tubeol] Wi HAHALE &5 WA i dHES ELAIAA
FAY. 24 WSS Ed8A s A o = 94} HPLC (Shisheido, Japan,

CAPCELL PAK C18; 4.6x250 mm, 25 - 38% acetonitrile/0.1% TFA, 26

5|

oo
flo

i

o = =
- e S

rir
offt
o
&3
olo
>,
=
i3
fru

3
T,
olo
i
ftlo
(o]
(@]
=

—=

[ 3
[¢)

5 310 p7k £¢=o 9= 15

4

0%

]

[-N!
4,

i, 1 ml/min, 220 nm)E A}&3ste BIdH=Z B, & 9
Q-TOF LC/MSE 3 4% =4S £33 rPpOrxA2] A4F of{ = 5ol
F& g% F, rPpOrxAe] A

o]
A FEE ANl DMFE ALS@ 395 A8t €S 39e A 5

o
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stomach®] 74 9ol HwWol x5t Jth. 5719 Zo] Hol=

Z o= cardiac stomacho] 93t 1o, tube feetS 3+ & o

el 4

Aoy

1
i
o
2

%ol 9l ambulacral plateE mess® HAeld S o Aokt
S st = FFoltl 37FA F2] (apical muscle, tube feet,
cardiac stomach)S Ztzb 223 FHols 2SS dHoz A #sle] &5
T5 24 A AR 25 5 24 A4F¥Y EE AL 5
mM artificial sea water (ASW) bufferg AF&3ste] X&stA Tt 55 mM
ASWe] =42 v 2t NaCl 445 mM, MgClo 55 mM, CaCly 10

mM, KCl 10 mM, Tris-HCI (pH 7.8 10 mM), Glucose 10 mM.
WA Hb2-29] XA ol apical muscle, tube feet, cardiac stomach®]

e wAANL, 249 A%

2 jsometric transducer®] AZ3A

Olt

=
Isometric transducer®] Z2#-& 233 YW resting tension®] 1.0 go &
BHol FAHES FFSAA FAH =49 tensiono] 1.0 go =2 HA 3}
HE= AL #elsta b apical muscled]®= 5 x 10° M9 Acetylcholine
(Ach)&, tube feetoll= 5 x 10° M Carbachol (Carb)S cardiac
stomachell &= 10° M¢] Carbachol (Carb)E Fol&to] &S A 3}sH%]

o 5ol @AstE W AAE rPpOrxAE ke sfdst= 10° M %

e
N
L
Y
>
ik
lo
Q
'S
(@)
o,



muscle 5 x 10° M9 Acetylcholine (Ach)e.2 A 3lsto] A A 3
rPpOrxAZ 10, 10°, 10°% 107, 10° % 10° M =2 3 Fols}o
rPpOrxAd] i3t = &5 5 A4S Idsitt =

25 x 10° M Ach?] Hdl 3o tigt A4 F35 %= e W
S A7]E ECsp ¥ Emax® YERHAT

_{

28 =2 " vl

W E7MAV el (Patiria  pectinifera)®] 77FA] %2 (cardiac stomach, radial
nerve cord, tube feet, pyloric stomach, gonads, pyloric ceaca, apical
muscle)& A&l Zb 22 PpOrxA Fd 4] 2 s Hlalstazt

RT-gPCR (Real time quantitative PCR)S 2 A &} %3 t}.

2.8.1. Total RNA %

RT-gPCR<S &l7]e <A GenAll hybrid-R™ kit (GeneAll Biotechnology,
Korea) S AH-&3to] total RNAS FE38IAtE 4 RiboEx™ 1 mLol H&
7 S dj RSkl A& 77le] ZZ(cardiac stomach, radial nerve cord,
tube feet, pyloric stomach, gonads, pyloric ceaca, apical muscle)S 1.5
mL tubeol]l Z+7} 100 mg & Yo ¥ &3} 3 F A2 (room temperature)
A 5 WEE AASHATE REgo]l By wAstE x40
chloroform 200 ul& #7}ste] vortexings AlAT ths, thA] & H A2
oANA 2&ZF WHEAA FAT. REEo] EuW ofE A4liEel (4T, 12,000
xg, 15&)ste] S Av M2 Fesisith. Bso 2 Buffer RBl1& 35
I FAR Fom Yol s EFAA FAU EFo] dnHWE &
< mini column type FZ #+53% & 4 &2 (12,000 xg, 30%)& 2A

stttk olol A 500 pl Buffer SW1S mini columnel] Eo] 94 &g (2
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5T, 12,000xg, 30x)E AHAlstH T SW1 bufferg ©]-8 3 washing 24 o]
Zuy™ mini column®] 500 pl Buffer RNWE Yo 94%2 (25T, 12,000
xg, 302)E AAlstAd. A& F, L xR 10 dARYE
AAsto] columnol] ZHESHE oS AASAT. dEE A o]Fed=
mini column®] Nuclease—free waterE 30 ul %]

e (10,000 xg, 13)E sksdvh 919 22 A4S AA F59 FEIHAL
29 77FA] 22 total RNA+ NanoDrop Lite(Thermo Fisher Scientific,

MA, USA)E AHg3lel sust =g 2439

2.8.2. cDNA 34

dE7hate e 77k4 A total RNAE lpgel ¥&=2 TOPscript'
RT Dry MIX (dT18 plus)(Enzynomics, Daejeon, Korea)oll Y1 SHTE
H7tste] HA volumes 20 plE  F LA T3, PCR (BIORAD,
Korea)& Ab&3ste]l =2 cDNAE @A sttt PCR =12 t53 ok
50CZ 60%7F vHg, BTE 587 HES.

W B 7 el 9] PpOrxAel M-S wpet o2 NCBI primer blastg AF-§-3}
o] primerE design St ™, o] FolA 37kA & HdElsto] AEstATh (F
1. A% primerd] tal )z o 2 A28 house keeping genel &
HE7MALe oA 3 BdY = FAAE 9exl EFl-oE ARESEA
PpOrxA¢} EFl-a primer S #FT%2 A3t & 5%7F 10 pmol/ul7t
w2 AZsdth RT-qPCRS 918 H A primer setS A9W3t7] 93
FAdE 224 cDNAE ZH2F 1 pl® 4] template mixtureE A 2FsF Tl
tg2o=2 10 pmol/ulel PpOrxA (PpOrxA-1, PpOrxA-2, PpOrxA-3)
primer set®} EFl-a primer setE Prime Taq Premix 2X (GENETBIO,
Korea)oll 5% tt& PCR& AAstith. PCR Whe £AHE2 vad 2
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t}: forward primer 1 pl, reverse primer 1 ul, cDNA mix 1 ul, B35 7
ul. PCR ®H& =312 o537 2tk 34 cycle; 95T 30%, 60T 30%, 72T
30% WHg. PCRe] ¢u5W F% % DNAS #i9 4dols #dstazt 1%
Agarose gel?} 100 bp plus DNA Marker (GENETBIO, Korea)E A}-&-3}
o HA79ss AHAASAH. A719E  Fol= Maxidac Gel Imaging
system (Daihan Scientific, Korea)& ©]&3sto] A& g<Qlste] 7174 w3
il T WME=R FZFE primer setE AEste] RT-gPCRell AH&-3H9

(29 5).

2.8.3. Real time quantitative PCR (RT-qPCR)

cDNA<9] 384 A4S AHshr] sty ¥WE7HAF2]9] Orexin A-related
peptide primer set (PpOrxA-3 primer)$ TOP real™ gPCR 2X PreMIX
(SYBR Green with high Rox) (Enzynomics, Korea)E A}-&3}o]
RT-qPCRE A A8ttt 94 PpOrxA-3 primer 17.6 pldll 2 1232 1
19} TOP real™ gPCR 2X PreMIX 176 plE £35lo] mastermix 1< Al
Zatg k. EFl-a% $93 W9 o2 mastermix IS AZstdc. 2249
mastermix [ < WS UE 5709 strip tubed] BHFE 72 ul A EF

sk 7, cDNA mixE ZH7} 1X, 3X, 9X, 27X, 81X 3|Xo] ¥ & o] =3

y - H
3tttk cDNA mixE #5332 Y9 PCR strip tube® FH|3}¢]
mastermix [ & 627 pl A A3 &S Yo+ v v wEo] T

IX, 3X, 9X, 27X, 81X ¥%2 343 cDNA mixZ 33 ul 4 2ol
mastermix [IE& £33t 4% mastermix I+ Hard-Shell PCR
Plates 96well (BIORAD)® 20 ul & #F3te] RT-qPCR<S 3% WHE 2 A]
sttt Well & loading & sampled] A4S &3 2tk TOP real™

gPCR 2X PreMIX 10 ul, cDNA mix 1 pl, forward primer 1 pl, reverse
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primer 1 pl, v 7 ul. RT-qPCR ©]$Fol& Aoz AHE A5l
comparative CT method= WHE7FALE 9] Z 22 oA PpOrxA ZALA] 2]

AeA AAL B £ES BFl-ash vaeh g

29. B4 A<

MRS 2t A4 PpOrxA QA doid AA BE £F

rlo

A 428 98 GraphPad Prism 7.0 (GraphPad Software, CA, USA)S
ALE-3lo]  Bonferroni multiple range post-hoc analysis® one-way
analysis (ANOVA)S 83t FAE HElHAE. AHo= {3 4

A2 EAE a¥Ze 55U AZEAE AEEe] A EHAoH,

Relative fold expressione H i+ ¥+ #HAZ AAFHAIL p < 0.062 FA

oz fod Ao T,
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¥ 1. Primer selectiong $3%F PpOrxA<9| primer A ¥ &=

Name Squence (5—3)
EFl-a Foward TTCTTGCTAGCCTTCTGGGC
EF1-a Reverse TCAACGACTACCAGCCCCTA

PpOrxA-1-Forward

TGGCAGGATTGTAGGCGTTT

PpOrxA-1-Reverse TTCCTACTTGACGTCACCGC
PpOrxA-2-Forward CCCGGTTGCTCATCGTACTT
PpOrxA-2-Reverse TAGCGTTTCTCCCCGAACAC
PpOrxA-3-Forward GCTGCAATTGCCCCTACAAG
PpOrxA-3-Reverse TGCGGTCTTCGTTGTTGGTA
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a9 5. RT-gPCRS %I $t primer set PCR Z 1. 19 59 A%FEH (M)
Marker, (1) PpOrxA-1 set, (2) PpOrxA-2 set, (3) PpOrxA-3 set, (E)
EF1-a set®|t}. Primer designing toolS A}-&3}¢] designdt primer 3714
(% 1) ¢ EF1-aZ A&3le] 1% Agarose gelol A A7 g5S AAs9 o
H Marker2% 100bp plus DNA Marker (GENETBIO) & A}-&3}3it}.
719 % o] %)= Maxidac Gel Imaging system= ©]&3le] A3E &<l
3} 12, PpOrxA-3 primer setZ RT-qPCRol AF&3}7] 2 A A3t}
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m. 2=

1. A=z d¥a PTG induction =74 A A

BL21 (DE3) #5°°] IPTGE A #lste] fusion @wjde] sabd of -5 <
ol® w12} s}l IPTG induction®} No IPTG induction, <+
o] vkt 7, SDS-PAGEE &3l fusion @92 2d o FE v}
ArH1¥ 6). SDS-PAGE Aol ¢Jatd IPTG &= &S ), 17kDa
ANM HA o R k= fusion @ Fo] e HAGS FAE 5 AJT
Fusion @z At o B 5 g2lst o 3 hr (0 mM IPTG, 0.1 mM
IPTG, 0.5 mM IPTG), 6 hr (0.1 mM IPTG, 05 mM IPTG)% 574
IPTG #1922 wjdate] inductions A2l ¥, SDS-PAGEE &3 %
A Azt @A B FES v At d 7). SDS-PAGE 4 ¥}l

o N

s, 5714 2415 FolA 0.1 mM IPTG ZAoA 3A17F vidslagd S o

Az e dase] 7t B2 AS #lsdu. o] 235 H

o
o

= ¥ 3 inductiondto] Az @ulES o FAALE AT o) FAA
o] = His-tag affinity A4 2 CNBr Ag #AE Za r[Leu®]PpOrxAZ
AarskATh 19 8ol YEl el HPLC A3 o8 7o) #3Fo] =43}
i JARE LC/MSE F3l #ARS EA e

A
rLeu®PpOrxAd] @ ct= AL FAst4r).
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IPTG No IPTG

induction induction Fusion
CEH &I
e - —

insoluble soluble insoluble soluble

a2l 6. IPTG Xzl
SDS-PAGE ZA3¥ = Ho}
A3t RS w 17kDacllA] 2202 &+ fusion Gl Zo] -y H AL

sola & itk
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3hr 6hr

IPTG Conc. OmM 01mM 05mM 0.1TmM 0.5mM
2 & & N &
S P 9% P T %
KDa P &P F P P E P
100
70
50

40
30

Oy 7. M= chA HxEE Qe MY A A 57HA 2AE FoA
3 hr ¥i%, 01 mM =7 (832 Azgog el FE)AA IPTG
Inductions 2 A)391S wl insoluble®} solublecl]l A gtz o] Hba 2ko] t}

2 s vlE B2 AS gl wEbA g Aaked ol A
IPTG induction Z7& 37C, 3 hr W%, 0.1 mME AA3e] 23S 13
A=
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a2 8 CNBr M2| & HPLC % LC/MS Z 2} (A) CNBr x8] & HPLC Z
7, Famz A" 23e HLeu®lPpOrxAd &gtk (B)
r[Leu®IPpOrxA ¢ Ea# =4 Ay Ex%F 89 3 {Leu™]PpOrxAo°i

St $HWe sbe] wheol Wol FAAZ| AT,



2. rlLeu®]PpOrxA<¢] ofnlo] =3}

HE7AL g o] £A3} = Orexin A2 native form<l NHs typel = A 23}
71 g8 AAE ALeu®]PpOrxA¥E  Carboxypeptidase Y (CPD-Y)$}
nucleophile?] L-Met-NH,. HCIS &7 wF$-A| AT}, ofufo] =3} HkS-& %=
3 Aojx Zb Wk AIRME NEE 5 94 column (CAPCELL PAK Cl18
46 x 250 mm, Shisheido, Japan)& AF-83te] HPLCZ &8 ¥= g3
Atk 9% HPLC =& v 2o 23 - 38% ACN / 0.1% TFA, 30
2 1 ml/min 220 nm. 18 9% A %3 dwlAel r[Leu*]PpOrxAe] C-=
ol thgk ofmpol=st wWHE-& 7] M ofmiol=d}t WHEE 3 Fo| AR
nfERES JERAT 2" 99 (A)E ofrtol=3t whE deo] AZnE I
© 2 31%9 ACNelA rLeu”PpOrxA (4% A)7l &&= v+, &
29} nucleophiles AF-&38ke] HESS Azl $ol= 19 99 (B)ol YEM X
o] o7 EIEE UroAE ASE & F ds=dH, ol F3 EL

CPD-Yoll 93t 7}5ia] w2 9 transpeptidation ¥F-go] 3= it

o

—_

¢

VAl

e 4 5 Ao 2y 99 (B)dl yERd dAME BE rPpOrxAco] ™,
LC/MSZ #AFS 2139t

rr

Ol
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a8 9. rlLeu®PpOrxAe| C-Zetoll st ototo|=3s}t #HES /% HPLC
chromatogram. (A) ofrftol=3} whE 1 94 HPLC chromatogram: -2
Ax  rlLeu®IPpOrxAcity.  (B) ofvpol=3} g F A4 HPLC
chromatogram(¥+$-A17F 30%): 3 B¥ rPpOrxA-Met-NH, (rPpOrxA)
olty. (¥ 9% nucleophile pH 694 2] ofnfo]=3} wkg o=z o] uj
rPpOrxAe] A4t &2 306%= gl = qdt))
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3. Q-TOF LC/MS &xt# =4

HPLCE 8 £e& 7tzte] #85S Q- TOF LO/MSE AHgate] 7

rexin A native form¥} r[Leu®]PpOrxA ]

ol
B\
o
ftlo
1t
>,
ol
ol
2
O
1,\-1
ot
O

o] =4l ¥AF e Q-TOF LC/MS A Hluste] =do] Az

BA
AE A ZEERAETEE Sdsin R of2Ad HAE @

M

Expasy tool® AT # 29+ Orexin A native form (PpOrxA)3}
r[Leu®PpOrxA ¢l o] &2 Eztzks eyl w3 27 99 3ladg=
FAE 28 A9t 3 BY A FE 4

33709 ofn|x=4bE 7HAl = PpOrxAe] o] &4l #AdF2 3,466.08 Daol
a1, r[Leu®PpOrxA¥ 3,449.03 Dal & AAEAT. ©e-22 Q-TOF
LC/MSE =43 A{Leu®IPpOrxA2] #AF2 34495523 DaolaL, ofnlo]
=3} Jkg o] % A E rPpOrxA-Met-NHy9] A 5F-2 3,466.5289 Dal =
SAHAY (29 10). A Q-TOF LC/MSE 73 548 &A= &
oA EAH TS 719 dASkAY] wiimell, L' 99 (Al YEd &

o
e
kL
%0

g A¥ Leu-OH typeol] a@3st= rlLeu®PpOrxAcln, #3 BE
Met-NH, typeo| #1% 3t rPpOrxA-Met-NHy¢1 S &< s 4 it w

g A olgldt AxE= HLeu®PpOrxAZF CPD-Yo| 93] C-Zet mpx = %
7191 Leu®o] #elvb7tar, Al a4 nucleophile$! L-Met-NH, « HC1¥} ¥t
3l HAEQ rPpOrxA ({Met®amide]PpOrxA) = v} 2 A o}nlo] =3}
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#* 2 HEO|ES2| olEH

=Atgk 21 Q-TOF LC/MSo|

10

o

A
0z

Expasy =74 3%t
C-Z¢k LC/MS =733t
without with
S-S S-S
Native form Orexin A 3465.5
TLTM-NH, | 3472.13 | 3466.08
(PpOrxA) (e]d "ol
r[Leu®PpOrxA TLTL-OH | 3455.08 | 3449.03
1% 99
- TLTL-OH | 3455.08 | 3449.03 3449.5523
Peak A (r{Leu™]PpOrxA)
g 99
TLTM-NH, | 3472.13 | 3466.08 3466.5289
Peak B (rPpOrxA)
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3449.5523Da
= .
w
| =]
(<)
e
=
4 —
—_—
i l
00— T T T T T T
1500 2000 2500 3000 3500 4000 4500 m/z
x10°
2_
3466.5289Da
ey
("]
=
[}
T
=
1_
0.5—]
 alul
0 T T T T T T T T T
2400 2600 2800 3000 3200 3400 3600 3800 4000 m/z

a2 10. ofolo| =3t g2 M/Fe| HEIO|=EES2| Q-TOF LC-MS Zzl (A)
a2 99 3aE A, r[Leu®IPpOrxA ¥ 389 Q-TOF LC/MSe| #x# =
4 Az B) 29 99 34aE B, rPpOrxA-Met-NH, #3¢ Q-TOF
LC/MSe 54 A3
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A
kol
V8
o
ofo

mfo] & rPpOrxAel A & W3}

4.1. pHell w2 A +&
olnfo] = 3&}o] A}E3}i= Nucleophile®] pH Zol wWE rPpOrxA-Met
-NH, A4 &5 vlustazx 339, pH meter’] & AF-&351¢]
nucleophile®] pHZ Ztz} 2HA(pH 6), =48 (pH 7), 9714 (pH 8)¢ 37}A
Aoz Astd L, rlLeu®PpOrxAE 37H4 =71 % 196 pgo = %

N
N
o

A3t S AFEE AT ALeu®]PpOrxA 196 pg& pH 3 nucleophile?! 60
mg/ml Met-NH, « HCl (5 mM EDTA)S 1 mL AF&3te] 2443 91 9,
22 pg/ul®]l CPD-Y& 2 pl A AHgsto] ofnfo]=3tE a5kt ofrfo] =

3} Wk o]3 . ZF WA wkS B =S A column (CAPCELL PAK

e

C18, 4.6x250 mm, Shisheido, Japan)& Al&3slo] zt7te] B3I =S Hae A
Akt HPLC =712 o3 2ok ; 25-38% ACN / 0.1% TFA, 263,
1 ml/min, 220 nm. 9% HPLCE %3& &% #3& Q-TOF

3l EAHE 248t ¥ o2 Nucleophileo] 442l pH 6 =7
(28 1D E ALk $&0] oF 26% (A1 - 30%)= YER L, 42
pH 7 Z271(29 12)dM+= oF 21%(HE-gA17E + 30%), 97142 pH 8
(28 13)l A& oF 13%(HHSAIZE @ 53) 2] Atk &8 YERNATHE 3).
A7] 2721 pH 8ol A= wkg-AIzke] 30 291 th& F =713 b2 A g
A zko] 5 E w rPpOrxA-Met-NH,¢] & o] dojx|x= Aoz H

© E49 CPD-Y7F C-299] mA e A7 E A== 7leEs] 48] o
7173 Ao AM = A o] ofwo]=3} REE& =Sk transpeptidation
Hhgo] =g Al dojdntn Ao Xtk ek 17 139 (A)ol YERH 1
Hyp 2 #39] LC/MSE &3l 543 Zyz}y 34475713 Da,
34475676 Dal.® YEYTE ol 3449 Dael BAFES THA =

M
Y
ol
rlo
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ALeu®IPpOrxA ¥ vlawsiA o 1 Da #ol7} YE & r[Leu”]PpOrxA<]
peakol sjF&rial AzEATh g 19 139 (Aol dEbd 1y 29 &
3o Bxge wj$ FAFstY chromatogram 4F peak’b vFol# vhERY
= A F Bdol TdF =40 ofd el dv= As v
wepa o] FEel tigk F7HAQl A7F desitia AzEn. o] AiE
HFE o 2 Nucleophile®] pH7F 2Hd 27191 pH 69| A ofnfo] =315 A A3}

= Aol T4 Ee 971 =3 slelA opmfol=stE S A R

kv

rPpOrxA-Met-NHz2] A4t &5 =ole=d Slo o $2 =3olge A
< FJs A A zZAAAM Y] wE FE&e] AV 2ARYE =
ARk whSAIZke] Y& grel sk AAdE ERE ofyzZl flElol= A E 4
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a2 11. Nucleophile pH 60l A12| HPLC chromatogram} &2X}2F (A) pH 6
o4 ¢ HPLC A3 (HFAZF 30%), (B) rPpOrxA-Met-NH, +#3 2]
Q-TOF LC/MS A}
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w e o
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a2l 12, Nucleophile pH 70l A12| HPLC chromatogram} &2X}2F (A) pH 7
o4 e HPLC ZAI}(HHgAIZE 30%), (B) rPpOrxA-Met-NH, 3% 9]
LC/MS 23}
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o A1 2] HPLC Z3}(¥F-gA|ZF 5&), 3} B8] rPpOrxA-Met-NH,©| t}.

(B) rPpOrxA-Met-NH, 8¢ LC/MS 23},
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H# 3. pH =dof e HPLC =2o =AtE

20 ofoto| =5t A4t

=

Ao
T=

DH | A% fleel=e] & | w8AZ | LC-MS 4% (Da) | A4 5%
6 196ug 30= 3,466.5133 26%
7 196ug 30= 3,466.5212 21%
8 196ug 5% 3,466.5567 13%
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4.2. &2 (carboxypeptidase Y) AF-& o] w2 A2k +=&
ofufol =3} wWEE-o Qlojx @491 CPD-Y9 A& mE rPpOrxA-
Met-NH,¢] #4F &5 Hlwstr] 913 23S stk Nucleophile 4
A 27 (pH 6)2= 60 mg/ml L-Met-NH, « HCl (5 mM EDTA) 1mL A}
4359131, 71490 rlLeu”PpOrxA®] 4& 2635 nge = FUste] 214319
t}. 22 ug/ul CPD-Y+= Z+7} 2 ul (44 pg), 1 ul (22 pg), 05 ul (11 pg) ¢
7HA 2o ®m grE H, 30T &2 FxoA] ofnfol =gt wh-g-& A A
o} ofwfol =gl g o] Fo= whEAZIHO] wWE ¥EES 94 column
(Shisheido, Japan, CAPCELL PAK CI18, 46 x 250 mm)2.2 #8353
(79 14). HPLC =32 o5 2ok 23-38% ACN / 0.1% TFA, 30,
1 ml/min, 220 nm. HPLCZ €2 #3852 Q-TOF LC/MSZE #AF&
wASFTH2E 15 % 4). 438 Z3 CPD-YE 11 pg AHEd 25+
Met-NH, type2] A4F 80| oF 30.6%, 22 ng AH&3 45+ <F 186% =
vebgth AR 44 ugs AFESE A5 CPD-Y7F vA = %7191 Leu 3b
UwkS Awste] rPpOrxA-Met-NH, S @A st #lo] ofyegl 2wt A4l
o B2 C-EwY or|AtES duste]l d3ske rPpOrxA-Met-NH,
I FEL 0%2 YESE T 2% 149 (Al dEd 1 #83%
2 B89 FAHIAFS 7 31223587 Da, 3,252.4202 Daclth.
1H (o] &4 #A=F 312161 Da)> C-
dio| Al 3719 ofmAbe] AukEo] 30709 V|2 FAE =Holw, 29

LY (o] &4 A 3,251.82 Da)> C-Zetell Al 370¢] ofmx=sto] Aok

PpOrxA¢] Mg = n|FojHo}

% olulo]l=3}7t dojuy C-Eeto] Met-NH, #HEfel 3170 #7122 A4
H EA4YE . o2 F3] CPD-YE 44 ng AH&3te oAM=

a9 AA5Ra Agol h WS doluh C-Fae] Leu shibw Ag
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Aetolch. WA 19 14 A9 197 2 BFo) AL ofde] YErd A
Aolgta o =gt}

rPpOrxA: GNACCKGTCHEIPKGCNCPYKAVLCGELNTLTM-NH,

13 #3: GNACCKGTCHEIPKGCNCPYKAVLCGELNT-OH

2 3. GNACCKGTCHEIPKGCNCPYKAVLCGELNTM-NH,
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mAU—
70+ — 38
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( ) ﬁ 50— g
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c
£ 30
2
E-]
< 20
104 o3
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mAU—
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E
B) -
S 40+ z
<
2 30
o
3
< 20—
104, ‘23
o
mAU—
70— — 38
[
E 50
g 7| g
C) i+
e
5 30
2
< 20
10 -
o 5 10 15 20 25
Time {min)
a2 14, 29 2of wE ototo|=E3t #hg2l HPLC Z 2k (A) CPD-Y 44
[e)

ug ARE(HESAIZE 30%), (B) CPD-Y 22 upg AF&(HSAIZE 30%), (O)
CPD-Y 11 pg AH&-(RFSAIZE 30%).
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2 rPpOrxAe] MAL =&

bl s LC-MS =44k (Da) AR &
30x= 0%
30x= 3,466.5231 18.6%
30x= 3,466.5289 30.6%
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43. DMF A& of o] w& ALk &

Henriksen et al., (1992)°] 23} human calcitonin®] C-&¢t o}lmjo]=
3} Ao 7]EdE AFE3 peptideZ dimethylformamide (DMF)o] =
Aot BausEdoh T3 DMF7F CPD-Y<e 7583 #&
transpeptidation®] <3S vt HaF o] At Lewis and Schuster.
1991]. webA DMF A8 of ol W& ofufo] =3} &9 W3lE ol H 7]
s ot 7o A 233kl Nucleophile2 2HA(pH 6) 2o =
60 mg/ml L-Met-NH, « HCl (5 mM EDTA) ImL A}&3t3Row, 712l
Leu®IPpOrxA el 4& 2+7F 98 ngs AFE38tS

g4<% CPD-Y 22 pg/ul 1.86 pl (40.9 pg)E AF&3tA T Hb-gA| 7
ofmtol =3} WESEES 94 column (CAPCELL PAK C18, 46 x 250
mm, Shisheido, Japan)2 & ®&3d e, HPLC =32 v Zroh
25-38% ACN / 0.1% TFA, 26+, 1 ml/min, 220 nm. 1% 16 DMF&
AbEEHAl gt W REge AmvtEINS yHEWow, a7 172 DMF
5 AE39E w g m=ZwlEaMS YEldT DMFE WA &
sample volume?] 04%o°l dF3st= UFS H7lste] ofnpol=31= 3t}
AE A3y} DMFE AFE3sHA] &2 495 rPpOrxA-Met-NH, A4 48§ 0]
of 28.6%%= UEskal, DMFE AH&3H 4d-pol= At &0 of 206%=
UERGTHE 5). o8 s A 2 Aol A rlLeu™IPpOrxA2] ofwlo] =3}
3o ol DMFE Abgo = rPpOrxAgl =& Ao A ool
ittt Ae Yt

ol

l

>
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A3

_48_



mAU
140—}
= 120 ,"/
< -7 —38
£ oo | rPpOrxA-Met-NH, '_,"
g & S
Q so-] %
o~ —
y 5
o 2
8 <
S
8
<
25
T T T T T
0 5 10 15 20 25 30
Time (min)
x10°
3466.5166Da
5.0—
34.0—
2
@
£ 3.0
2.0
1.0 —
0 | | T | g T —m/z
1500 2000 2500 3000 3500 4000 4500
a2 17. DMFE A28t 2% 220 oig HPLC Z1f 2 2XIgk (A)
DMFE A}83 2% HPLC Z3(HHgAIZE 30%), s4i+s rPpOrxA
-Met-NH>.E YEHT (B) rPpOrxA-Met-NH, =8¢ LC-MS Z3}. =1
g 167 27 1744 st RE el F99 EAES 3466.5Dal 2
rPpOrxA-Met-NHy 9] #2}=F3 A X|8tH, ol= AAdEC] A= BAEA

T A ofvd,
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E 5 DMF ALS o 5o w2 rPpOrxAe] M4 =8
DMF S
Aaa sepolel o | mgaqn | TOMSIBE L 4 g
ALE o5 (Da)
X 9RBug 30x% 3,466.5146 28.6%
O 9WBug 30x 3,466.5166 29.6%
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s

B oA Ao A rPpOrkA-Met-NH, (rPpOrxA)S AF&3te] HE
ZhARE o] Ao i &5 5% A4S SA4SAY. HEol=e &5 &
L

A& apical muscle, tube feet ¥ cardiac stomachs Al-&3}o]

X,
A

T5 A 2AEY 25 75 245 Flsh] ol del %41 apical
muscles  Acetylcholine (Ach)©. =2, tube feet?} cardiac stomach<
Carbachol (Carb)& AH&3le] 8-S 243831tk rPpOrxAE 10° M 5
E2 FoJs}9lal, isometric transducerg w3l <& 5 A4S aHEZ=
golstdth. 19 189 Y ER 9] rPpOrxA+i= apical muscle, tube feet,
cardiac stomach®l rPpOrxAd] Whal <5 % 4S5 YEldl o™ apical
muscles ¢F 36%, tube feetol A+ <F 17%, cardiac stomachol|l 4+ <F

20%9 A4S B

37HA] Z2HA A 5 5 4S5 &9l 3 H, 37 2F T M =
2 A5 YA d HEZIAE 9] apical muscleo] o s H 28

= XS =As Hgoh apical muscleS 5 x 10°% M9 Acetylcholine
(Ach)e= 243k A7 5, 4A% rPpOrxAE 107 107 10°% 107, 10°,
10° M 552 74 T3t 8 5 @4& agzz gelsigd. 1
2] 19¢] e o] apical muscleo] Al rPpOrxAE 108 MeollAl 2.47% 9]

AX kS e e, 10° MolA 2518 + 1.68 %9 % &4 (Emax) ¥
ECs #FS 4.981 x 10°® Mo it}
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A _/—“ Y e J“‘J’

| 2min
Carb 5x10® M rPpOrxA-Met-NH, 10> M

S

B B . 4|1g

| | 2min
Carb 10° M rPpOrxA-Met-NH, 10> M

C __.I/_ i B 4'19

| | 2min
Ach 5x10¢ M rPpOrxA-Met-NH, 10> M

a9 18, EE7AE] 2Z o glst rPpOrxA-Met-NH,9] <5 5 &4,
(A) tube feet, (B) cardiac stomach, (C) apical muscle. Tube feet2 17%,
cardiac stomach< 209%, apical muscleS 36%9 <S4S e
o apical muscledl A rPpOrxA-Met-NHy(rPpOrxA)ol 93t <843
dol 7HE =4 vEr
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19. Apical muscleoll &+ rPpOrxA-Met-NH.2| =4 =Z&| %
o|& JM. (A)E apical muscled] W3+ rPpOrxAe] = -2
B zolal (B)E rPpOrxAe] =¥ apical muscled] <5

1
W % oE F4 e Zolth (n=3)



6. 24 W3

off

.

PpOrxA 3zke] x4 ks dolry] s HEZHALE S 77F
A Z 2 (Cardiac stomach, radial nerve cord, tube feet, pyloric stomach,
gonads, pyloric ceaca, apical muscle)o] A total RNAE F&3th. =4
WE total RNAS F&3 5 3 set9 PpOrxA primer (% 1) o]-&3}9]
PCRS 3 23 PpOrxA-3 primer setoll Al 7} wshsl dx= sholstyl
a1, AlEslA PpOrxA-3 primer setE o] 83lo] 23S 2Pttt oo
Z  template®] FE=E ZAS7] f1sted RT-qPCRES A A3t
RT-gqPCR %, PCR efficiency S ZAl4tst 23 PpOrxA<] PCR efficiency+

1.9896, EF-lav 2.1071% 1% At} Template % 24 % 7 =4

=

PpOrxAe] & &S vl wsl7] ¢8te] comparative CT method® HE7FA}
ge] 2zt =AM PpOrxA AARAIe] B4 A 23 #=F5 EF1-ast
Hl sk, 29 200] el A X9, radial nerve corde tE F3F S0
H| 3] PpOrxAel & &Fo] =4 YESEH. B3 radial nerve cordel A -t
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Study to improve the production yield of Orexin A-related peptide isolated

from starfish (Patiria pectinifera) and investigation of it’s myoactivity

In young Noh

School of Marine and Fisheries Life Science (Major in Biotechnology),

Pukyong National University

Abstract

Orexin A 1is a neuropeptide known to be involved in stabilizing arousal,
increasing appetite, and interacting with other neurotransmitters. The orexin
A-related peptide used in this study was purified from the tube feet of the
starfish (Patiria pectinifera), and this peptide exhibited muscle contractile
activity. The molecular weight and the primary structure of Orexin A-related
peptide determined by LC/MS & cDNA cloning showed that the peptide has a
molecular weight of 3,466Da and is composed of 33 amino acids including 6
cysteines that form 3 disulfide bonds. Orexin A-related peptide was produced
in a heterologous expression system using the fusion expression vector
pET-28a(+)-TrxA. The produced recombinant Orexin A-related peptide
(HLeu®IPpOrxA) was cleaved by CNBr treatment at the C-terminus of Met.
The recombinant Orexin A-related peptide (r[Leu*]PpOrxA) thus produced has
a -OH group at the C-terminus. On the other hand, native orexin A-related
peptide that exists in nature have an amidated C-terminus. Therefore, the
amidation process was performed using carboxypeptidase-Y (CPD-Y) and
L-Met-NH, * HCl. In addition, the optimal conditions for obtaining the

maximum production yield of recombinant Orexin A-related peptide-Met-NH»

(rPpOrxA) by changing the amounts of pH, CPD-Y and DMF in the amidation
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process were investigated. The changes in pH affected the production yield. It
was confirmed that the production yield was the highest at pH 6 among the
three conditions (pH 6, 7, 8). Moreover, it was confirmed that the amount of
CPD-Y also affects the production yield. On the other hand, the change in
DMF did not cause a significant change in the production yield of the peptide.
RT-qPCR was performed to determine the transcriptional expression level of
the Orexin A-related peptide by tissue, and it was confirmed that the highest
expression level was found in the radial nerve cord among various tissues of
the starfish. The muscle contractile activity of the produced rPpOrxA was
investigated. Muscle contractile activity by rPpOrxA was confirmed in three
tissues (apical muscle, cardiac stomach, tube feet) of starfish. rPpOrxA showed
the most potent contractile activity on apical muscle preparations among the

three tissue preparations.
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