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Molecular characterization and recombinant peptide production of bioactive peptide

from the puffer fish, 7akifugu pardalis

Ji Been Park

Depart of Biotechnology, Graduate School,

Pukyong National University

Abstract

Hepcidins are small cysteine-rich antimicrobial peptides that play an important role
in fish immunity against pathogens. A hepcidin-like antimicrobial peptide (TpHAMP)
identified from the mucus of puffer fish (Takifugu pardalis) had been reported previously.
In this study, the full nucleotide sequence of TpHAMP, which was 576 bp, including a 5’-
untranslated region (UTR) of 90 bp, a 3'-UTR of 219 bp, and an open reading frame (ORF)
of 267 bp was determined. The ORF encoded a polypeptide of 88 amino acids (AAs),
which includes a predicted signal peptide of 24 AAs, a prosequences of 41 AAs, and
Hepcidin domain of 23 AAs. Recombinant TpoHAMP was produced using an expression
vector modified to fuse Thioredoxin A (TrxA) to mature TpHAMP (pET-28a (+)-TrxA-
TpHAMP) in a heterogeneous expression system. rTpHAMP showed antimicrobial activity
against Gram-negative and Gram-positive bacteria including fish pathogens. Real-time
quantitative-PCR showed that TpHAMP transcripts were most expressed in liver of healthy

T. pardalis. The expression levels post immune challenge were elevated in liver and

vii



intestine at 16 hr while no significant changes were detected in skin, spleen, head kidney,
body kidney, and gills. Moreover, exposure to 1% NaCl increased expression level in liver.

Collectively, these results imply that TpoHAMP may be important for innate immune system.
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bt HENO|EQ Hepciding2 Z[ZE AZIO| urineO| A ZZAE|RACE Hepcidin2
23~25719] ofoj=ito 2 LHE0f YOO, Arglt LysS ZEESHD U7 HEof 7)Y
gogd HEO|=0|Ct d2|1 Hepcidin® ZHOIAM ERIZ|IRX7] 201 liver expressed
antimicrobial peptide (LEAP)2ZLZ &ZICt Hepcidin® &XF LHO| 8742l AJAH|Q
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Hepcidin2 At#EZE OfL[2t F|L} E7| 51 22 2 HFSS0M LAHASH

LS ZQS=#0 ofLl2t LYot F 28 H ™M EQACEH O 02 Red sea bream

(Chrysophrys majon [Chen et al, 2005], White bass (Morone chrysops) [Shike et al.,

2002], Gilthead seabream (Sparus aurata L.) [Cuesta et al., 2007], Winter flounder (7/(7/

(Pleuronectes americanus), Atlantic salmon (Sa/mo salar) [Douglas et al., 2003], Flounder



(Paralichthys olivaceus) [Kim et al., 2005; Hiroco et al, 2005], Catfish (Silurus asotus)

[Bao et al,, 2005], Tubot (Scophthalmus maximus) [Chen et al., 2007], Zebrafish (Danio

rerio) [Shike et al., 2004] 50| UC}.

o0 = ATFH0A E=2 HERRH Yodd BEOIEQ =2S FH SR

Ct. MAst HEIO|EE =R 23|% (Edman degradation)0f 2|8 BEXMo=Z [t

aF ZH0| S5 &I CH RKRXRFXXNXXPGKQGXVFXXGF. 2 AF0|M= O|3{st AIE 0|8
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FOl O =2F 250l 25 %H3|X| 2 XS CysteineL 2 7Hd5t0 X|S7HK| LT
ooy HEO|E ofole i MO homologyE &HE3H 2gAct (A 1). 2 &4
ot CHE 4= Jaliel Hepcidin?l OFB=4tF %2 homologyE LIEILHRAZ| ME0]

HHst EZE Hepcidin-like antimicrobial peptideZ2 ¥, HolA TpHAMPE
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2.1. cDNA cloning 1} Mg 24

YHet ToHAMP 2| ¢DNAE cloningdt’| fI8i Ol H0AM OfERH 2=
25T TpHAMPS| X MEQI RKRXRFXXNXXPGKQGXVFXXGF2 O|8310] AdHS
st 22 10 et 24X 2 X M Bl XE CysQE 7pg%h ofO|l it A

gnt cr2 dpgd BEEOIEQ hepcidin MES HWsAS M, Hepcidinit

e

homology?t &2 AS ZQISIALCE 222 =T Zoiof 2l §id|X| H2 X=

Cys@ Z0l2t 7bgst primergs HMZASHACH (& 1). MEHT primerg AHE5H0]

TpHAMPL| HHM|E QI MEZ 2357| I8l 3' 2 5 rapid amplification of cDNA ends
8



(RACE) PCRE TIAHSIRULCE ZE52| skin &2 100mg= HZ=50] Hybrid-R kit (GeneAll,

Seoul, Korea)E AHESHY total RNAE FZSIRUCE. mRNAE Oligotex mRNA mini kit

|I0|-

(Qiagen, Hilden, Germany)E AR&3t0] 245t RUALCE RACE PCRE ®#ITH <DNA ZH2
GeneRacer kit (RLM-RACE; Invitrogen, Carlsbad, CA, USA)2 ArEdst 2HdSHRALCE 3
RACE PCRZ sl & 7HC| degenerate primerE MZSHRACH (B 1) X, H R
3' RACE PCRO|A{= Deg-Fw1 primer®}t GeneRacer 3’ nested primerE At&30] TIE s}
ALt & HW PCROJA= Deg-nested-Fw2 primer@t GeneRacer 3' nested primerS Al
83510 ZIWSIQACH & WOl 3' RACE PCR =22 Zol WX, 95°CE 5&7t initial
denaturation 8t & 5 cycleS 95°CE 30X 60°CZ 30X 72°CE 30Z4 HHZ35|QICH

2 Scycleg 95°C 30, 57°C 30X, 72°C 30X HFESSH = 25 cycle 95°C 30, 54°C
30, 72°C 30& 7k A0 OFX|} extension2 2 72°CE 5&7t HHSSHRUCH & B
3' PCR productE At23l0] pGEM-T easy vector system (Promega, Madison, WI, USA)
HUAA ME 2MS TIAHSIRICE 3' RACE MY 24 ZANE 08310 5 RACE PCR
ol AHEE 27H9| primer (GSP-Rv12t GSP-Rv2)E MIZtSHRICH (B 1). 5 RACE PCR2

nTag Hot polymerase (Enzynomics, Daejeon, Korea)E AFESIU2M, PCR UL =&

95°COl M 1027t initial denaturation &, 35cycle?t 95°C 30, 55°C 30, 72°C 30X 2
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85t = OX|2} extension 72°C 5&7F BLESE ZTIMSIACE PCR Z OHEIEX|Z

vectordf| &R5t0f ME 242 SHACE BTl ToHAMP2| DNAS| F2YEIE A
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2.2. Recombinant TpHAMP 44t

2.2.1. Plasmid |}
Recombinant TpHAMP2| “d4tS 17| s & AFLHOAM 2THE modified pET-28a(+)

system= AMESH0] WLHSHALE O] systemS FHOH7| oM HA ALEY Motz

i

=20 primerg MZSt=0, N-ZEHS H2tL= CNBr cleavageE ¢I8i Met2 0
TpHAMP-BamH I -Met-Fw primer2t TpHAMP-Xho I -Rv primerE H|%5t0] PCRE &
8 TpHAMP cDNA MEZS ZEAIZICH (E 1). PCR productE M et&E4 BamHI 1t

XhoI 22 enzyme digestionA|Zl £ ALESIRULCE ALES vectork DRM7IX|Z Z2

ot EAE AHESHO enzyme digestion®t £ gel-purifications &dlf =QISHRICE 1
% pET-28a(+)-TrxA fusion vector?t PCR productE ligationdtRCH (A& 3A). 1 F

E.coliBL21(DE3) &3 (Novagen, Madison, WI, USA)0]| transformationdt0] SHIZH A

E0| YER=R ME

kot

ot M=%

mjo
HI

M5to] =elstAct 1

ot

tha At

mjo
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A85tol M=t HEIO|ES dit

i

E.coli BL21 (DE3) &0 transformation?t &

StRULCE Transformation®t @F 10 wE 5 me2| 30 pg kanamycin + Luria-Bertani

medium (KLB medium)0fl £330 37°C shaking incubatorOff 16A|ZF HHQF SFRCt 11

A

< 500 mee| KLB mediumOi| HiSt #FE Z2& EFTH ChE, 37 °C shaking
incubator0f H{YS TIHSIRACE T ZS7H0| optical density (ODgoo)2l ZHEELO|

0.4~0.60] LIS M #o| g&o| &Hstry| Mo, ol 1 M isopropyl B-p-1-

thiogalactopyranoside (IPTG)E 500 p¢ ®7t5t0] IPTG =7t 1 mMO| & =& StJLCE

o

IPTG 7l = 2 4 A[ZF &QF 37 °C shaking incubatorO|A{ CHA| HYQFSHO] Tpesd

k!

Xgstict 1 = fFME2| (vs-21smt, 20,000g, 20min, 4°C) 310 H4ZTH2 Hz|
pellet?tS 1x phosphate-buffered saline (PBS; pH 7.4)2 3% washingdtICt CHA| &
MEZ| = CtA] 1xPBSE #FE suspensiondtO] Sonifier 250 (Branson Ultrasons,
Annemasse, France)ES AFE310 40% amplitude Of|A] 2027t 39| sonicationa ZIEH
SISt Sonication® AME2| (20,0009, 20min, 4°C)& TI&SIO pellet2 FRJALCL

11



Pellet® His-tag affinity2 HHSt7| 28l 8 M urealt 5 mM imidazole2 ZE&tsh 1x

PBSOl Z0{FRACt TpHAMP-fusion peptide= Nickel-nitrilotriacetic acid resin

(Novagen)2 30:1 H|E2| volumea €0 1 AlZt A20] H{YSIO| His-tag affinity

chromatographyS A&3t0 EAMSIQCE 1 = EHE 0|83t fusion peptidie?t

bindingE! nickel& 8 M urea?t 500 mM imidazoleO| Z &=l 1 x PBSZE bead2| 2 Hf

volume22 8&SIUCH (A2 3B). &FE fusion peptide= SpectraPor dialysis

membranes (Spectrum Laboratories, Inc, Rancho Doinguez, CA, USA)E AtE35t0{ 4 L

O 5 % HACOl 2 16A|2ts2t SMSIRUCE FMTE sample2 &2 XD = 50 %

formic acid2 =@ £ Mete| C-ZEhES A== CNBr cleavageES T SHRALE 10 mg/me

ret
ot

CNBr (final concentraion)E =@l samplel| FSH = 8A|ZtE2t YES S 10

Hi volumel| DW.E 3|M T ZAAZXE FAHSIRUCE 52 HXE fusion peptide

mixture 3 m2| 50 % formic acid® =@l ¥ RP-HPLC (Capcell PAK C18; 46 x 250

mm, Shisheido; 5-65 % Acetonitrile (ACN) 0.1 % Trifluoroacetic acid (TFA), 1 m¢/ min,

60min)E O|&3t0] ZtZt2| peak=2 EHISHALCH [Wu et al, 2003].
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2.2.3. Recombinant TpHAMP2| EXI2F A4k B! retention time H| 1

Z59| HAHOM FHT TpHAMPE MZEIEZ S8 recombinant TpHAMP
(rToHAMP)E &HdstQict. &4t rTpHAMPZL MOHZ BHE D HH [ A=X| 2Hols)
7| fIsh rTpHAMPR| 2AtEES HHSI E52| FAHM HMAHAE FHE S TH|
El gogd EEO|EQ 2 EXtEE LIEH =X ZHQISHACT ok 2XFLH0| OfF

1,4-

ot
Yy
o
mjo
je}
n
[
30
rir
A
ot
ro
ey
N
40
el
5
T
>
<
vl
=2
ie)
ol
ot
[N
o
mjo
&H
rir

dithiothreitol (DTT)& A%t St AIZACE  (MpHAMPRE 2HRE rTpHAMPL)
retention time2 H|w5}7| 2|3l RP-HPLC (Capcell PAK C18; 4.6 x 250 mm, Shisheido;

20-30 % ACN in 0.1 % TFA, 1 m@/ min, 20min)2 2AMslF o0, RP-HPLCE Edf £2|

E EEE9 XY FEE2 MALDI-TOF/TOF £ O|85t0] 2ASHQUCt OpEHIHX| 2

rTPHAMPZt native TpHAMP2F 22 O[|&tet AgfS 2XL0 7tX|1 A= 2EHYS

ot

OISHT| QI8 = st RP-HPLCE AtE3HY] isocatic HPLC (23 % ACN in 0.1 % TFA)O|

=

k=1
=k,

M native TpHAMP®} retention time= H|W3I0| &&= A|ZtCH

i

oISt
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2.3.1. H{X|o| H|=

2 dF0ME TpHAMPRL SHRIE TpHAMPS| & dsS ZFHSH7| fIshA

Ultrasensitive radial diffusion assay (URDA)2} Minimal effective concentration (MEC) &

HS TIASIACH [Seo et al, 2005; Seo et al, 2012; Lehrer et al., 1991]. AFESt #F 2

= a8 LY FFQ Bacilus subtilis (KCTC1021)Qt Staphylococcus aureus (KCTC 1621).

d2|a 32 24 ©F 9 Escherichia coli (D312l Salmonella enterica (KCTC2514)&

AHESERACE Of M2 Streptococcus iniae (FD5228), Edwardsiella tarda (KCTC12267),

Aeromonas hydrophila (KCTC2358) S Vibrio anguillarum (KCTC2711)& AHESHRILE.

ORt

g/iel #FE AHESHY

0Ot

IFE UYe FMSCL B0 MY xUoRL

—

0

Z}2to| HFE|2[OHE tryptic soy broth® BHE agar plate (TSA)OIA 37 °COllA 18 A|Zt

S0t seed culturedto] 229 colonyE TSB AUXEHX|Of &7! = 37 °COIAM seed

Il

culturesto] ALESHRALE. oHH, Of

0l

N9 V. anguillarum 2 25 °CHIA 24 A2t S¢t
7|2 = Ar8SHRUCE HiYE #FE2 570nmO| M optical density?t 0.1 (84 %T), F 8

x 10 4 CFU/ m¢7t E|=Z DR100 Colorimeter (Product No. 41101-71, BioMerieux, Inc.,

14



USA) £ O|83t0] 3| MEIRALE Agarose plate| &2 ChZ1t ZCh Underlay agarose;

TSB powder 0.015 g, 1.0 M phosphate buffer (PB) (pH 6.57) 1 m@, D.W 48.5 ml, agarose

0.5 g, Overlay agarose; TSB powder 3 g, 1.0 M phosphate buffer (PB) (pH 6.57) 1 mg,

ot
|ok

|A'|A|

=~

D.W 485 me, agarose 0.5 g. Edt0| FTH|SH BIX|E 42 °C7t =& 43

7 o3k 2 HiX[o| 21 F H2 = plateS S0 =3 ALESIRALE

TPHAMPS|  BFENS ZHeLZ| YUehM o3 MM BFE Yo BIE

underlay agarose HiX|O] 2/Z0] 23 mm HE7t &&= well@ vacuum2 AHE3t0] O

E 5 wello] A|I2E FLSIYULE rTPHAMPE RP-HPLCE E3df piscidin-1 (1 mg) O]

&30 RP-HPLCE &3 55 ASH0 1 mg= HFO0 AFESHRULE. AIZ2] 1 mg/pe

OlAM 2 B 3]M3510] 971 &= (1 mg/ue, 500 ug/ue, 250 ug/ue, 125 ug/ue, 62.5 g/

ue, 31.3 pg/ue, 15.6 pg/pR, 7.8 ug/ue, 3.9 ug/ul)E HF0l 5= HZ 5 W loading

-—

rot
ot

oF 3A|ZF = overlay agarose HIX|E 2 F 37 °C, 18A[ZtEQF HiYot =

well 22| clear zone 37|E MQUCH & 2d A7|E HWSH7| s 2= &2

O 2+ Piscidin-12 A2}



2.4. TpHAMPS| &

Kl
K

K

Ot 7| 2lo off 20l A
2~39 &

FRACE O] @2 immune
=
=

o
=

.
o

=2

o
100t2]

e

27t
A

12

—

.
[

h+ +xo0l 55

.

Of7|8t= V. anguillarum @FE At
o

OlA TpHAMPO| &t

Ct. 2 7H2l 16 °C2| 300 L

(e}
PN

P

.

infection St0 E50|AMQ| ZF =EEH TpHAMP
[e]

~
(]

ok

25 °COIAM 24 A[ZH &t 7

HOo
H

I.

H
o

Wmn

ojru

ol

=0

'.

=

m]

AH2EH0 ODeo?fS 0.1 (8 x10 4 CFU/ mo)2

anguiflarum

1Bl
M

= TIHSIRACE 0AlZH 16412 32A|ZH0f| Tt

Al
=4

300 L sif==0f =0

=
=

30 me
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4 %, 39 ppt), AlZtel H#stof M2t TpHAMPL|

HOrE 7| 23l &

o

=

FRACE
f=2 BsZ0M &% 1% 8= G5EE =

.

kidney, gill, head-kidney, intestine, liver, skin % spleen®| 77tX| ZZ&& 2F 100 mgX
o

H &0 ot



300 L slf==0fl 3 kg 2| salt& =0 &0 A2k 16A1ZH 51 32A12t OfCh 2424

(L (.

M
ot
o
p

£ 30t2| 9| skin, liver X head kidney Z=Z2 2f 100 mg¥ MZE5I0] AtE3|SILCE

2.4.2. RT-qPCR2 S8 ¢3# 2M

2tzto] MHON HEI £

= total RNAE FE5}7| f[8ll Hybrid-R

J
mn

(GeneAll, Seoul, Korea) kitE AFE5t0 total RNAE FESIQILCE FE? RNA

A2 =S| s agarose gel M7|FEZ 2 Sl HOISIIULCE RNAE

NanoDrop Lite (Thermo Fisher Scientific, Wilmington, MA, USA)E 0| &53l0{ =

TE ZMSIYUCE 22Ol total RNAGIA 1 pugS AAHSHO DNA TS &Y

Ck. cDNA 42 TOPscript cDNA synthesis kit with oligo dT (dT18; Enzynomics,

Daejeon, Korea)E& At&5t0| TIAMSIAUCE ALEE cDNAL| 3|MH{=2F ALE3}

= primer setE ZE3I7| I8l cDNAZS 108 508 100H{ 3|50l Z+Zto

primer (QHep1-F/R primer, QHep-2-F/R, Beta actin1-F/R, Beta actin2-F/R)2 =

PCR

mjo

TIHSHACH (B 1). RT-gPCR2 CFX Connect real-time PCR detection

systems AFE310] MHSGIRALCH RT-qPCRO| template cDNAZS 50HH 3|5}
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O AFESIRULE 10 wel| 2 x SYBR Green premix (TOPreal gPCR 2 x Premix;
Enzynomics) 1 p@ (10pmol/ue) 2| TpHAMPR2} beta actin ZZ+Q| forward,
reverse primer, 12| 50 x D cDNA template, 8 22| nuclease-free waterg& <&
O Z[F volumeO| 20 pe7} =[A ©F £ PCRE ZIASIRULCE primer= QHepl-F
primer, QHep-R primerE A&}t 1, Beta actin1-F/RE AtE3SH0] H|WSIICt

(B 1). RT-gPCR Z=HL2 =& 95 °COlM 1027t Tt =, 40 cycle= 95°C 10

=X, 60 °C 15X, 72 °C 15X 7 FISHSIQICt,
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m Zit 9 EE

1. TpHAMPS| MY E2XA

Z80| ™MAUHNA FHSH Hepcidin-like antimicrobial peptide®! TpHAMPS| 3
RACE PCRZ} 5" RACE PCR cloningS Z&SIRACE 1 ANE & 576 bp2| MEO|
Mo 1 & 5'-untranslated region (UTR) 2 90 bp, open reading frame (ORF) A&
2 267 bp, 3'-UTR £22 polyadenylation consensus A€ (AATAAA)S ZETSH 219
bp2E O|F0{X ULt TpHAMPL| ORF= & 88719| OfO|- 4t 2 O|FO0IX U2
24719 ofo|=itoZ O|F0Zl signal peptide@t 41702 ofoj=itoz O|R0{Z
prosequences®?t 23702 mature peptideZt ZBHE|O] UCH (2B 2). O ZItE mature

peptideO| Al O] Hel ZAMO|M OED FHE2Z 4S|X| 2 X7t Cysteine T

7121 Ae &SR 4749 disulfide bonds?t O|FO0{M US Z0|2t Of 4 =L}

2. Recombinant TpHAMP

2.1. Recombinant TP HAMP2| ‘44t

2 ARMOAM Tt modified fusion vector@! pET28a(+)-TrxA0| ToHAMP AMES
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MABIA plasmidE &St 2, L£coli BL21 (DE3)0| transformationdtd] £ co/is £39
fusion peptideE BiYSIRACE O = 1mM IPTGE X 2|50 fusion peptideS LAl
SDS-PAGEE &3l rTpHAMPZt REEIRJU=X| =HQISHRACH (A 3). LE AS =0
gt ¥ His-tag affinity chromatographyE StRUCt MpHAMPE & et £ CNBr
Cleavage®t RP-HPLC (Capcell PAK C18; 46 x 250 mm, Shisheido; 5-65 % ACN 0.1 %

TFA, 1 me/ min, 60min)& S5t0] Aot Citg AP dS TASHACL

2.2. Recombinant TpoHAMP 2} native TpHAMP2| H|u

Recombinant TpHAMP2| ZX} L{o| O|gzt ZghE2 O|F1 UEeX| =eI5H7| 2l
rTpHAMPS} ZHRI =l rTpHAMPS| retention time (RT)2 H|wdf 2 Zut, Ol & 2%
2 C}2 RTE LIEHHRQACH (22 4A). O|2{3F AIIZ O|R0{ &0} (TpHAMPE LYL0|

U 8742 Cys Th7|S0] M=z OofH HE{ZO| O|&st ZetS ddstn A2 A0l2t

fd

olag £ QUCEH  EDH (TpHAMPRF ZHREl TpHAMPE ARSI MALDI-
TOF/TOF2 2XIZg =d-st A1}, (TpHAMPS| £XIZ2 2910 Da [M+H]*, &&=l
rTPpHAMPR| X2 2918 Da [M+H]*O|A 2, O|F & SH7H0| & 82| X0
XpOI7b L= AE =olg == UCL o|2Tt it rTpHAMP Z2AtLHO| EXHSH= 874

20



o Cys7h 4712] o|&=t 2%

2gts O|71 UCt:= A

>

mjo
10
a
Ot
rir
omn

Ao MZzte| RT7}

St rTpHAMPZ} native TpHAMP2L 22 0|

stols

_ll_o

15t7] 9|8} rTpHAMPS} native ToHAMPS| RP-HPLC

Ol Al retention timeS H|WSIR{CH O Z7f, A

Mo
rlo

=
= 22t 2

ro

Alztoiof 8=
Ct (38 5). 3 & rTpHAMPE} native TPHAMPS

= =¥5t0 isocratic RP-HPLC (23 %
ACN in 0.1 % TFA)S Zl&ist A1

ot 2ot 72CHOIM oF 7He| THY peak?t = EIRALE

o
HI
1z

&

St
—_—

ot=29| peakl| M|7|& native

rtot

s AT

A1 rTPHAMPERES ™A |

13
T.

Ml
[
mjo
N

3. Recombinant TpHAMP2| Tz&d =7

3.1. Recombinant TpHAMPS} 2l El TpHAMP2| 24 H|l

rTpHAMPSR} SHRIEl (TpHAMPS| &4 %}O|E &9

=

15L7| 2RIl B subtilis (KCTC1021)2F
E coli (D31)E At&3}I0] Ultra Radial Diffusion Assay (URDA)Z

g7 Y2 SHAY
Ch 2N SHO| ALSS g2 %

2} HPLCE MASH SZ=o| M7|2 125 mAUO| sHE
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ge o

o

AF8stol 2ds =RUCE O Z2ar g3 de 2 O 0o 25 &

‘gO| LtEtEtD, (TpHAMPOIAl & O 2 2dS E/ACH (AF 4B). ME2tA TpHAMP

ZALC| olel Zgtel RRe gdel Ar|os FEs DIXXT 2de| RRo=
dg= MNAK| BELhe AS 2SHRAL.

3.2. g7 4 4

Native TpHAMPS2} rTpHAMPZF 22 A|ZHCHO| 8FE|0f ME Z2 0|gat 22

7t 2SS =R5HRA7| W20 (TpHAMPE 0|83t o2 w30 oo &d o

KAHSIACH AFRSE FFRe= B subtilis (KCTC1021), £ coli (D31), S. enterica

(KCTC2514), S. iniae (FD5228), E. tarda (KCTC12267), A. hydrophila (KCTC2358)2t V.

il

anguillarum (KCTC2711)2 ZE&ot & 8712 #FE AtESHEICH

00t

[REy AgoR

rir

MEC &HS Ar8otRen, gd 538 ddet 21t rMpHAMPE E= w30 L)

st HQUACt £ £ coli S Enterica, B. subtilisOiA] &M40| E}=0|, £ coldlA

MECZfO| 1.71, S enterical| M= 2.40, B subtilisOl M= 350 S 2 =HE|QCt O|E 3

ZtXl 2ZFO|M rTpHAMPE HHZET L2 AL E Piscidin-10AM 2t 2 2dS LHEfLY

Lt oY ZFOME ZE FFOM ZFYS E/JXNY I M B3 ¥
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anguillarum O|M 7tg 2 2d& 2L (B 2). I2tM MpHAMPE 887, 1

1

YYHT U OfPNE S 2E FFO| FFBHS LEHAACH

0%

A 2

EN]
mn
rn

[l

H 20| LIEFLHZO| rTpHAMPE O F0f F&2 O/X[= Of =0

pS|
(]

mjo

HRALt 5K

ra

oFEE 5 V. anguillarumOil X 7t 2 gd2 BEQ7| WE0 v

anguillarum w3& A-83t0 EF0M TpHAMPL| A|ZtY =X E Zoigs YOt

4.1. Immune challenge ¥ 238 24

g 2d AR MEC B2UtE "M 5 Vanguillarum 230N 7t 2 24E
27| 20, o] #FE ALESIO bacteria challenge &2 IQILCL 1 = £E59]

ZHOIM TpHAMPS| HLHXQl &olZEE ZEASHY| f[8, E=0M F 771X =%
(body-kidney, gill, head-kidney, intestine, liver, skin, spleen)= AFESIRALCE A A[Zt
O B30 2t RT-qPCRS ot0] Z=ZH TpHAMP ZHZZ ZASHRUCE SAHKX 2|0
= GraphPad Prism version 72 AM&3IRACE 8 62 immune challenge 22| RT-
qPCR ZutE LIEtHEE HX OA[ZITOM= 2= ZZ0|AM ToHAMPL| &i0] ofzt
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W2 EXEL O SOAM liver =M 7HE B2 TS ERD OS2 intestine
oA 2 w2 BQCh 1 & A|7to] X|Yhof| 2t liver X1} intestine XX 0f| A

ot

g & £ A1, liver ZHO|ME 16A1ZH = TpHAMPL)

rir
o

TpHAMP Z2Z0| SItg|

LHYO| 718 =RUACE £t intestineO| A= A[ZHO] X[ HO|| M2} ToHAMPL| IO

A B2t A2 € = ALk (A8 6 1t 7). Ol2{st Z1t2 O|R0f EOof E2=0A
o] TpHAMPZ A QloA OI'4=0 23l 2hSst0 L0 Mz FH|E= =ZO0|2t
of & =L,

42. A E XNE| & L4E 24

®ol =9 HZHN ORZHKZ ofsEE =2 =M E52 HLioAM

(3 %)0ll salt 3 kg= E0f =0 = AT g+ G557t 4 %7t = o = s TS

SFALE 4 %2| si=~0f &0t s E== O Azt oo M2 S 2 TpHAMPS)

LTS HWSHRCE 0AIZh 16AI2E 32A|ZH2 2 LH+0f E=F0M 22t Head kidney,

Liver ! Skin Z%E HZ5I0] RT-qPCRE T/ASIA 20, ORH7IXZ SAHKE|5H
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ZIFE LHEFURICE O 2ok HY ZYa OFSIER|Z liver Z=HO|AM 16A[ZFCHO| 2o
0| St As QlstAnt. J2iLt LIHA] =X0ojM= ECHE 2o X0l =

O[X| AT (A E 8). M2tA E=2| MM ToHAMPE MHEo| S0 M= EHe

0| Hot=AC 2 Hot E52| TpHAMP= M 2|o|A oot At=0] S Mf &

Hepcidin2 AFZ2| urineldl plasmadiiA HMZ22 FHME small cysteine-rich AMPO|

Ct FOA FHE Hepcidin® hampl, hamp2Z 27tX|7t 2Bid Aol 7522

= & AN =F21 gu 238 7|sS 7t ALk 2 AF0|A = Hepcidingl 7|
s T <o 2930 =FOo| HF0 dgs MASAC. HM MEEHS S &

HMHH MEOM mature peptidie® RKRCRFCCNCCPGKQGCVFCCGFE Ht3ien, 1
A2 EMHE recombinant TpHAMPE 2HdstQICt  gHdst rTpHAMPRE native

TpHAMPE HPLCE Sof Hludf HUS O, & =220l Z2 =2 S =sAct
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2 52 HeloM ofEst X=0

U We| E=Uol 2t2fel =X S0M TpHAMPZE FEERA2H, §F| liverZZZ] 0| A

4 2F0| &= QICH 0|23t AR EE 29| TpHAMPES MAZXQl

re
12

230 S
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# 1. TpHAMP2| cDNA cloninglt RT-qPCRZ £|%t primer ME &

Name Sequence (5’-3’) Information
Hep-DeF1 TGYTGYAAYTGYTGYCCNGG (299~321)*
Hep-DeF2 GGNAARCARGGNTGYGTNTTYTG (308~327)
TCAGCTCTGTGAAGGCTGCTGATGG For cDNA
Hep-SpR1 Cloning
(480~504)
Hep-SeR2 TGGACGTCATGGCAGAATGA (466~485)
QHEP1-F TGACAAGAGTCACCTGCACAA (30~50)
QHEP1-R CGCAACAACAGCAACACTGAA (104~124) For RT
or -
Beta actinl-F | GTCCCTGTATGCCTCCGGTC qPCR
Beta actinl-R | GCAGAGCGTAGCCCTCGTAG
GeneRacer™ 3’
GCTGTCAACGATACGCTACGTAACG
Primer
GeneRacer™ 3 Universal
Nested Primer 5 and 3’
™ g’ RACE
GeneRacer™ 5" | ~GACTGGAGCACGAGGACACTGA
Primer
™ !
GeneRacer™ 5" | 55ACACTGACATGGACTGAAGGAGTA
Nested Primer
Heexn.F ACTCGGATCCATGCGTAAACGCTGCGGTT
P TTG (291~310) For
recombinant
HeexpR GATCTCGAGTCAGAACCCGCAGCAGAAAAC protein

(342~362)

*

» OF 20 LtEH MEo| T,
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GAAAATCAGACAGGAGAAGTCAGAGGAGCTGACAAGAGTCACCTGCACAAGAGTCAAAGC 60
CCGGAACCAGTTGGAGCAGTTCAGCCCTCCAGAGATGAAGACCTTCAGTGTTGCTGTTGT 120
M K T F 8 V A ¥ V 9
TGCGGCCGTCCTGCTGGCCCTCATTTGTCTCCAGGAGAGCTCTGCTCTTCCTCTCAGTGA 180
A A ¥V L L A L 1T € L. ¢ E § 8 A E P L 8 /B 29
ATTGGAAGATGTGGAGGTGCCAGTGATGGATGATAATGGAGCTTCTGTATATGAAGAGAT 240
L E DV E vV P VM D D NG A S VY E E M4
GCCAGTGGACTCCTGGCAGATGCCGTATACCAACATATACAGGCTTCTTCGTAAACGCTG 300
p vV D S W Q M P Y T N I Y R L L R K R C6
CAGGTTTTGCTGTAATTGCTGCCCTGGAAAGCAGGGATGTGTTTTCTGCTGCGGGTTCTG 360
R F ¢ ¢ N C C P G K Q G C V F € C G F * 8
ATCACTCCCGATGTCACCAACTATAACACTAGATTATTTTTTGTCAACTTGAAAGTATTG 420
AGTGACCCTGTGATTTTCAATATCTGATGTTTCTTCTGGACTTTGTCATTCTGCCGTGAC 480
GTCCATCAGCCTTCACGGAGCTGAAATGTTTGCAGTTATGTCTAAGTGATCCAAATAAAC 540
ACTAATGACTCCCTAAAAAAAAAAAAAAAAAAAAAAAAAA 580

O3 2. TpHAMP 2] HH| ME.

TpHAMP 2| MA| MEZ= % 576 bp 2 90 bp 2| 5-untranslated region (UTR), 267
bp 2| open reading frame (ORF)2t 219 bp 2| 3-UTR 2 ZslH, ORF = & 87 719
ofbjcite= O|RO0(M UoD 23712 ofd|ite = O|F 0Tl signal peptide (blue)2t
417K2| oto|. At 2 O|R0{Zl prosequences (black)2t 23 7H2| mature peptide (red)7t

ZoE O QUL
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(A) (B)

<
S
S &
§ &
g £ s
'E“‘ 0‘ 5‘
Met Met SRS
/O— His-tag TrxA Peptide 100 -
PET 28a(+) fusion Mature peptide 707 =
501 -
. X 407 =
Recombinant protein
30
(pET 28a(+) + TrxA)
\. J 201
-
151 =
M

A3 3. Recombinant TpHAMPS| 4t

(A) pET 28a(+) vectorOf| ThioredoxinA THEE M EZ fusiondtO] fusion vectorE ZHE
2 TpHAMP mature peptide ME& E0| plasmidE HMZ{5t0] Tzt HEO|EE Y
MIQIEE O 2 Ecoli BL21 (DE3) #FE AMEOHY CHE dLo5t0] ALE5IRIEL (B)

fusion vector®| 37°CH Al 1 mM IPTGZ induction ofSiS O THEHEIO| S | ALt
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(A)

0.5
= 049 Reduced |
= rTpHAMP _-"
E 0.34 | v P -
-] rTpHAMp -
bl -
< 02 | ¥ L7
! - -
| - -
0.1 Af = -
-
----- -~ .
o) B
0 10 20 30 40 50
Time (min)
( ) Reduced
rTpHAMP  ryTpHAMP
E.coli

A% 4. rTpHAMP 2} EHIEl r

TpHAMP.

T
w
h

.
h

Acetonitrile (%)

[
h

- 15

]

Intensity [a.u

2610.10 [M+H]'}

11306.02 [M+H]* |
e S

L] L I 1 I 1 T
1000 1500 2000 2500 y/z

%103

w
o
1

2618.10 [M+H]*

- N
3] o
PR T 1

-
o
P |

o
4]
1

11310.10 [M+H]**
0 F_ar A wd e

1000 1500 2000 2500 3000 my/z

(A) rTpHAMP 2t BRI =l rTpHAMP 2| retention time 2 H| 1 SFRACH (CAP-Cell Pak C18,

5-65% Acetonitrile in 0.1% TFA, 1ml/min) (B) rTpHAMP (A& L) 2t

rTpHAMP(ZLE )2 ZAte

=X

o

ZADHO|C} (C) rTpHAMP. 2F

2 & rTpHAMPS

B.subtilis (KCTC1021), £ coli (D310l 125mAU 4 URDA 2 EdS EQC
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Isocratic HPLC (23% ACN)

407
Native TpHAMP
201 3
d A
S 4071 rTpHAMP
-
| $
= 20 h
ﬁ 0. J.*J\ - -
< N +R
401 3
201 |
0. IS .‘l\a . i -
0 ~ 10 15

Time (min)
a3 5. rTpHAMP 2t native TpHAMP 2| H|ul.

Isocratic RP HPLC (23 % ACN in 0.1% TFA)S ZI3ist Zat rTpHAMP (18 L), native
TpHAMP (& ), recombinant + native TOHAMP (I8 T)& ¥ QICt
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H 2. rTpHAMP 2| &7t =H,

Minimal effectives concentration (ug/ulL)

MR L @g‘mn
Grame Bacillus subtilis KCTC 1021 3.50 4.39
LLELCIN siapiyiococeus aureus KCTC 1621 28.08 4.18
Gram- Escherichia coli D31 1.71 4.10
L monella enterica ATCC13311 2.40 5.52
Streptococcus iniae (FD5228) 39.36 4.96
s Bivardsielatarda (KCTC126Y 17,65 1555
pathogen [ E—_—_—_— hydrophila (KCTC2358) 35.96 4.68
- wmmm(x’crczm) | st £ \ >
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1.0

£ _  0.84 mm H kidney
gg = Liver
] %’4— 0.6 4 mm Skin
.—
= =
> =X 0.4-
— R
S =
= 0.2 4
0.0 ——
5 < <
N SO~ o
S RS A%

After excess to salinity (hr)

Final concentration: 4% salt

a3 8. MATOAS TpHAMPL| HHZF H|u,

si=0fl 1% GE=E O @2 2 AUtY 2SS Hudf = Ziab OHEIHXZ liver =
oM A0l SOt 2MN¥ez EF2 N elo| XS0 Ot 7|z

TPHAMPO| ittt As =2elg 4 RACEH
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Part II.

HE7IAV (Patiria petinifera)d| A 3
AE OrexinA-like peptided] £A}3
EA 2 AZXS FEelol= AL AT
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H 1. PpOrxA cDNA Cloning 1t recombinant PpOrxA-Leu ‘d4t2 2(3t primer

MY ==

= 17
H 2. rPpOrxA-Leu 1t rPpOrxA | O|2X EXt&F H At

13 =

Jhu

O 1. C-»EHol ofOjleAoj [HE active peptide HEN

(W

u
N
o
1=
e}
lo

| C-ZEF amidation 2

a2 3, MEEZ20|A2| Orexin A 2} Orexin B

[
o
N
i
4%
o
Mo

It EHEZE0MO| OrexinA-like peptide 2| LARE ME
12 5. PpOrxA cDNA ORF A&
12 6. Native PpOrxA2F Recombinant PpOrxA-Leu

&l 7. rPpOrxA-Leu®| amidation B8 2 RP-HPLC

a8 8. LC-MSE 0| 8%t 2AtE 54
O% 9. PpOrxA 9| 2= 24
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Molecular characterization and recombinant peptide production of bioactive peptide

from the starfish, Patiria petinifera

Ji Been Park

Department of Biotechnology, Graduate School,

Pukyong National University

Abstract

An OrexinA-like peptide (named PpOrxA) was isolated from tubefeet of starfish,
Patinia petinifera, and its full sequence was obtained previously. PpOrxA was
determined to be composed of 33 amino acids and contain amidation at C-terminus.
In this study, recombinant PpOrxA (rPpOrxA) was produced using a modified expression
vector (pET-28a (+)-TrxA) in a heterogeneous expression system. To produce PpOrxA
with C-terminal amidation, the nucleotide sequence of mature PpOrxA was first
modified to obtain Leu residue at C-terminus instead of Met and Gly residues encoded
in the original sequence. Then after fusion protein TrxA-PpOrxA was separated by
Cyanogen bromide digestion, Leu was replaced by amidated Met residue (Met-NH2)
using Carboxypeptidse Y. The amino acid sequence of five residues at the N-terminus
and the molecular weight was measured by Edman degradation and LC-MS,
respectively, to confirm the identity and C-terminal amidation of rPpOrxA. The
bioactivity of rPpOrxA was measured by muscle bioassay. Collectively, rPpOrxA with C-
terminal amidation was successfully produced using pET-28a (+)-TrxA-PpOrxA plasmid

in a prokaryotic expression system and carboxypeptidase Y. Moreover, the C-terminal
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amidated recombinant peptide was active in the muscle bioassay while recombinant
peptide without C-terminal amidation was inactive suggesting C-terminal amidation is

important for PpOrxA bioactivity.
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I.AM E

[ -

ot

2 dH Woles 2 42l g2d SZ20| A= I ZHME prepropeptideZFH

I

2HM Z2E2 Z|= active peptideZt ULt O] prepropeptide= {78 RR, RK, KR, KK
Qt Z0| dibasic?t ME0| EXHst=0H O] F=20| propeptide convertase0il 2|si Z 2|
HA active peptideZt EICt O] [f HEE|E dibasic?t TH7] 20| glycineO| *AA =[H
peptidylglycine 4-amidating mono-oxygenase (PAM, EC 1.14.17.3) O|2}t= &AQ| At3}
& AU 2sfAM  peptidel| c-ZEH2  carboxyl?|7k OF:l  amide?|7h  EICH
[Kapuscinski et al., 1993]. O|2{%t prepropeptidel| B'dZZ0| LHSF mechanisma &
M cell LHOIAM -EE signal sequence?t R4 target siteOfl EEHSHA EICE Target site
Ol ==t prepropeptide= signal peptidaseOl 2|8l signal sequence?t Z2|FHA|
propeptideZt E|X|Zt O|2{Bt propeptide= O ZHEZ EX| %2, active
peptide2 ZEe|A E0{of &d=S ZHXIA &Lk O7|M propeptide2FEl mature

peptideE &-got7| QA ETEZL A=Hl, C-2EC| dibasictt MBS XD}

rir

propeptide convertase?t O| siteE XIE2BHA| propeptide®i A active peptide®! mature
peptide?t PHEO{ZICt O] [ E2|= dibasictt M E 20| glyO| IX|SHA E|H PAM
BATF ZESHA E|0f active peptide®| C-ZEHO| RR,4R,-COOH (R,= Gly)7} Ot&l Of
OrO|=E3tEl RR,.1-NH,7} ZIC}.
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oj2{gh HEIO|= ofb|-4te| C-ZEHE amidationdt= HEOI= et ol gt

in vitroO| A A0 2ot MEaHA dr#0| QUCH (A 2A). 22 ofo| - ito| C-

2

THE amidationdts YHOERE= @ L& ZAE 3 ZEY] A 20| peptideO]

dg= F & Uc I SHED ofL2t BEote A £ LEHQ peptidel

[l

C-ZErO carboxyl?|7t Ot CHE HEHE ERZ oiCh O|E S0 18 2A0A LIE

W40 20l Ammonium carboxylateOl A ES 7tot HEHOIAM HRS ZIHSHOL

amide?|7} El= At Z0| amidation® M CHE oF THAZF FIHE|AALL St T

S0| QUC} [Henriksen et al, 1992].

JoF

el ol

o

g} S O} 7|0 VRIS =,

sMo2 mAZ 0|8

Mo

amidation &0 A0, O & StLEZL Carboxypeptidase Y& 0|83 B O] ULt

-

o APl Carboxypeptidase Y& FE C-ZEHE 7I+=28f dt= 7|82 7HX|1L

\J

AT

4

UX|Bt transpeptidation22M | 7|5 ETH ZHX|1 QUCE [Breddam et al, 19971;

Henriksen et al, 1992]. &, C-ZETto| otO| A2 MAHSH= SA|0| OtOO|E = of0|

M= 3 AKX KZAZI= ZIsS AL UACL F 280 LtERH Zdap ZO

amidation2 C-ZEHO| Zt7|7} Hydrophobic®t OtO|cAt0] X[t US Of 0|
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H F20, pH7t 82 SE0A B 20| & €0 ooty 2EaERACY.

Orexin2 HF&=0 # (at) 2 L|0M A= MBE HEOEZ 24 UL,

hypocretin2t 1= 3tCt Orexin2 Orexin A2 Orexin B2 ¥2iX A2 M [Gotter et al,

2012}, 50% £ FIIMYS JHE £ FRO| WEO|ISE o] M TR S

= EE|0 TSOTILE Orexin A= 33702 ofOjttez E[Of 1 & JHef O|&st &
22 XD A= HHHO| Orexin B= M2l 2874 ofo|=it HEEZ EOf ULt

)
2l

[Tsujino and Sakurai, 2009] (1 & 3). Orexin A2 BE HFS 20N T LA

40

S=0 M= Orexin A OfD| Ak MEEH L2{X RQUCE [Semmens et al, 2016]. HFE=

OlA St5{Tl Orexin A2 28~337HC| OO AtS 2 O|F0{%l HEIO|ER 4 74| Cys7t

2 79| o|gzt ZE2 O|F1 QUCL Orexin A2| 7|22 22 Yo7 ofHX| C|

Atoll 2Hoi5tol 2BE, Xl =20 &0 5t &S S7HAIZICH Eot CHE

FHE=E Mo 42482 ottt 2 AL, C-EEO| -OH7} Ot —NH2

2 ENstcts Aol EZAO|CE [Szlachcic et al, 2013; Tsujino and Sakurai, 2013;

Giardino and de Lecea, 2014].

O|Fof & AFHMM HEIHAEIQ tubefeet ZEOM ZE+=EES X E

45



EIO|EE “JHMIStRILL O] 222 =ZAHO0| o 3466 Da2l 33 7le| obj=itez 49

A

ujo
Rl
rc

& HEO|EO0IH, 6 /12| CysOIRULt. O] 222 Xa7HA| LT 2S+52d

HEO|IESE ¢35dS ALD AKX WCh 2F 30 LIEHH MEOM & 5 AXO|

2 FHFESEOM 5T Orexin A= HFSE2| Orexin A= EE| 6 72| Cys7t

EXSHH 3 7ol Olgel A=z O|ROXN ULt HEHS=Z OFRE E7hAtZ|

(Asterias rubens)O| M ZZ4El Orexin A type proteinO| RALCt [Semmens et al., 2016]. &

AFHOM EEZ7HAEIOM AT 33712 TS RH de[gd EEOIEE Of =2

=7tAE] F2i2] Orexin A OOl 4t M €1t Homology?t 24}, O] BEIO|E& OFRE

=7HAI2| 0 A LA El Orexin A type proteindt A1t 6 79| Cys# Tt OtL|2l &2 4

S48 LIEFY 7| 20| Orexin A like peptide2 HH3IG OO HO|A PpOrxAZ H

= GF0ME O HeoM FHFSEQ HE7HA2|Q Tubefeet ZZEOM X

ot OrexinA-like peptidieE Cloning 5t0] 251l ME=2 Ixgh HEOIER BEE

AHE TIWSIALCH [Semmens et al, 2016]. 12|11 Orexin A2| C-ZEHO| OfOfO|E 37t

20 U7 EO C-ZEO| -COOHZE E|0JU= =T HEIO|EE (PpOrxA-Leu)
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= FHH2 =2 TASIRAL). or=2

4

Al
=%

IE I8l amidation

2

Cto| ofOjolE

_CI>_/ C_EIEI-

PS|
(<]

PpOrxAZt HE7HAIZ|Q| tubefeet ZE0|A FHEA7| WO tubefeet ZZ0| E7t

et 44 =of

=13
=

At2|of A &t

47



e | acovpeie (R[] | i
A

Proprotein comvertase Proca ot
PAM

[ ddepptie 04 L upgie =y

A

38 1. 2| ot AHo]| HE active peptide HEH.
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(A) (B)

RCOOH

RCOONH, ——— RCONH, + H,0
Ammondum carboxylate o Amide
5 0 (AA*#Arg, Lys, Glu, Asp)
¢ + My ———— O+ POH
i H-AAN-AA3-AA2-Leu-OH
Ede Ammonia Amide Alechd
R—C=N L TS H-Met'-NH,
il ' H65-8.5
Nitril Water p D=0
e Amids (AA#Pro, Glu, Asp)
R/lx,; o g/'!x o *oNor > Hlew-OH
Acid chloride Ammonia Amide \J
7
- o H-AAN-AA3-AA2-Met'-NH,
R/r!‘-o-’llé"'ﬁ + 2 R R/(“‘“ + ROOO- HH, L
Acid anhydride Ammonia Amide

% 2. THHEO| C-ZUEHO| amidation HHH.

(A) 3FSHEQl amidation WHOZ off JHX|Q THAZF #BrE|ojof dtCH= Ft

HDE So0|40| EX| @1 Q2 ZAChs EHO| ACk (B) BAMQl By wHo=

o
Carboxypeptidase Y 2| transpeptidation 7|2 LIEILHRACE  H-Leu-OH 7}
Carboxypeptidase Y & A2|gt Z1} H-Met-NH2 2 X|2tE|= = T AL, HoH

s
£0|'g0] 1 2=ttt 2F0A HE ottt= §8S ZHXD QUL

—
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Human/rat/mouse Orexin A <EPLPDC$RQKTCSEL E G -NH:

Chicken Orexin A <EPLPECCRQKTCSCRLYDLLHG -NH2
Xenopus Orexin A APDCCRQKTCSCRLYDLLRG

Human Orexin B RSGPPGLQGRLQRELQAS
Rat/mouse Orexin B RPGPPGLQG R

Xenopus Orexin B RSDFQTMQGSLQRLLQG

Chicken Orexin B KSIPPAFQSRLYRLLFGS

a3 3. MES20)|A2| Orexin A2} Orexin B
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Human/rat/mouse =~ <EPLPDCCRQKTC S;IRLYELLHGAGNHAAGILTL-NHz
Vertebrate Chicken  <EPLPECCRQKTCSCRLYDLLHGMGNHAAGILTL-NH2
Xenopus APDCCRQKTCSCRLYDLLRGTGNHAAGILTL-NH:

Acanthaster planci GNPCCKGSCHEIPKGCHCPFMAVLCGDINTLSM-NH:
Invertebrate Asterias rubens ANACCRGTCHDIPPGCNCPYKSYLCGELNALTM-NH:
Patiria petinifera GNACCKGTCHEIPKGCNCPYKAVLCGELNTLTM-NH:

J8 4. HFS21 PHFSS0|M2| OrexinA-like peptidel| YATE M H.
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T
IL:

IoI. Mz U dt

0

1. M=
1.1. ¥YS=

O ALEE HETIAE|(Patiria petinifera) & FAUEIAl KT 71T FAE

HICHO A A ESHY 20l AEoERALY.

2. ¥ 3H

2.1. ¢cDNA cloning I} ME ZM

o
A

= GTFAHOM EHSELD cloning®t PpOrxA= C-ZETHO| OFOROIERL E|0f U=

O|Ct. Recombinant peptideE A|ZfstH C-ETHO| -OH HE ZE E|7| {20 C-HEHS

OOFO|ES} A|7|7] 98| =7HMSZ amidation AB0| XIsHz|0ofof

rok

tC 2 5A0|

LIEtLZO| native PpOrxA= C-ZEHO| Met ZH7|& XL o0 OFOIO|EZ} &[0

i

UL kM 38 5B 20| PpOrxA2| amidations fISHA C-ZEHS[ Met TH7
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Leu Zt7|2 X|EA|Z] HEHO| recombinant PpOrxA-Leu (rPpOrxA-Leu)s LAIHO =
DS 0{0F 57| W20, = CHE primerE HMZ5H PCRE &%t recombinant peptide
cloning2 ZTIAHSIRACE (B 1). HAN ZS7tAIE2[2Q] tubefeet =& 100mgE F=otY

Hybrid-R kit (GeneAll, Seoul, Korea)& AME35tX total RNAS FESIRALE cDNAE=

ok

Topscript RT dryMix(dT18)2 AME3t0 TMSIALD Primer= AEHAO|AM cloning®t
PpOrxA ME2 0|85t HMZSIHIACH (B 1). PCRE nTaq Hot polymerase (Enzynomics,
Daejeon, Korea)E AF&SISILCE PCR L2+ 95°CO|IA 1027t initial denaturation
=, 35cycleZt 95°COIl Al 302, 55°COfl Al 302, 72°COi|A{ 302&7t BHSSIQICH O = OFX|
9f extensionZ 72°COM S5&7t BHSSERACE 1 Al PCR productE pGEM-T
easy vector system (Promega, Madison, WI, USA) &2 A7 ME Mg TWSIACE

2.2. Recombinant PpOrxA-Leu 44t

2.2.1. Plasmid M| %}

Recombinant PpOrxA-Leu2 & ATFTHOA HZSt modified pET-28a(+) system=

AHEot dutotgict 4, 2440

MetEAQl FcoRI, SallS& AHE3H0 primerg

MZSEACE. CNBr cleavageE o Met2 0 PpOrxA-£coRI -Met—-Fw primer2t
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Carboxypeptidase Y2| 7|s0| C-ZEte| OO|=AO] hydrophobicgt OOt I

HSO| ZE L= =20 LHEO W2t PpOrxA ME & OrX[TF ZH7[Ql MetE Leul 2

X257 I8 PpOrxA—Sa/I -Leu—Rv primers MZSIACH (E 1). O] primerg ALE

5t PCRE E3 modified=l PpOrxA cONA MES SEA|ZICt PCR =1t ¥

hrid

Yo AYER 2110 ZAH ZIWSIRUCH O = PCR productE OHEHIZHX|Z HMgtz A
EFcoRT 1t Sa/I 22 enzyme digestionA|Z! pET-28a(+)-TrxA fusion vectorOfl & Al
ZICH O = E.coliBL21(DE) #F (Novagen, Madison, WI, USA)O|| transformationdt
of MO2 ME0| HYUEA=X MES M50 =HQISIRALE. O = £co/E S O

—

gk WMS 5310 rPpOrxA-Leu

o

Z
re
ot
4%}
(]

2.2.2. CHEF ALt

Transformation® ©wFE EcolE AHESHY CHE MAMSHFCE A 5 me2| 30ug

kanamycin + Luria-Bertani medium (KLB medium)0 @F& 233t0 37°C shaking

incubator0| 16A|Zt Hi¥SISCEH Ct2Y 500 me2| KLB mediumOf H{¥st #F ZF

233t LS 37°C incubatorOff 2f 3 A|ZH HYLFSIRACE HiYSH HYX|Z optical density

(ODgoo)0ll EHIFS M, ZHI0| 04~060] LI2H 05mM isopropyl B-p-1-
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thiogalactopyranoside (IPTG)E HiX|Of H7IS0 4 A2t S 37 °CO M HiESHO 1

UHAIZICH B Yt ZFE MRS pellet?tS F$H £ 1x phosphate-buffered

o

saline (PBS; pH 7.4)2 3% M0l JZ25IUCE AZHM 1xPBSE dFE
suspension?t 2, Sonifier 250 (Branson Ultrasons, Annemasse, France)E A&30 40%
amplitude®| Al 20 =7t 3¥19| sonicationa XIHSHUCH AMEE| (vs-21smt, 20,000g,
20min, 4°0)E & =, pellet?S 8 M urea?t 5 mM imidazoleS ZE&sH 1x PBSO

suspensiondtO] His-tag affinity purification® ZI& QAL PpOrxA-LeuE E4st7| ¢

3t fusion peptidet= Nickel-nitrilotriacetic acid resin (Novagen)= 30:1 H[&22| volume

o

2ol IAZHEE M0 BiY¥st0 affinity chromatographyE 0| 8310 |5} L.

1 = ZHE 0|83t fusion peptideZt bindingEl nickel2 8 M urea?t 500 mM

imidazoleO| ZE& =l 1 x PBSE bead?| 2H]| volumel 2 2FSIACt 8F= fusion

peptide= SpectraPor dialysis membranes (Spectrum Laboratories, Inc, Rancho

Doinguez, CA, USA)E A0} 4 L] 5 % HACOl &F 16 A|ZtsQH FA45IQACt FM ot

sample® &2 AXS & 3 m2| 50 % formic acidZ =9 &, Met ZH7|9| C-ZTH &

22 Xt2£ CNBr2 XN2|SHEICE 10 mg/me CNBr (final concentraion)E =9 sample0i|
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FUTH 7, 8 A|ZtEQt YEE S St 10 HY volumel| DW.E 3|AM5IY SHHX
£ ISRt CNBr2 A2|Zl fusion peptide mixture2 3 me2| 50 % formic acidZ
=92l 2, reverse phase high performance liquid chromatography (RP-HPLC) (Capcell
PAK C18; 46 x 250 mm; Shisheido, 5-65 % ACN in 0.1 % TFA, 1m¢/min)E 0|&3}0

2t2t9| peak=2 FHMISHRALCE

2.3. PpOrxA2| C-H Tt Amidation

2.3.1. Amidation

PpOrxA2| C-ZEF 72| amidationS ?3H C-EE 2| Met T7|E Leu2Z K|\

ZI =T PpOrxA-Leug 24 BHSRACE T = rPpOrxA-Leu A€o C-ZEH TH7|QI

mujn

LeuZ Carboxylpeptidase Y& O|&3l0| AtE 2 SA|0| Met-NH2-HCl 7|2 S XE[5}

Of C-ZEHO| amidation®l PpOrxA-Met-NH, BS7|2 StICH (A3 5). RP-HPLCE &

ol YHSt rPpOrxA-LeuE SZAZDIN FHE M 2 ALESIRALE. dYEeZE

C-ZE amidationd &= H1oh ==0A A& Al &5 FUsio] ds T

pa®)

s

Ct ®X, 8Z2U=ET 350 pgll rPpOrxA-lLeue =& 1 pg/uw2 %30 AE ot

QCt C-LUCHS OfORO|ESIZ X|ZA|Z 7| & Z Met-NH2-HCI (216 mg/ 300 po)E At
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5o, 3 M NaOH +1 M NaEDTAS H7I810] stockS THE0 AH

o

TASHRUCE

Arg&ot 2492l Carboxylpeptidase Y& 30.5 pg/ 1.22 iS5 AFESIRULCH 24+ MY Of

X80 20 ArgotH HHE=2

12
o

50 peE THE0{ water bath& 0230 30 °COf

M 20 & S¢ BEHSOIRIEL BE A7l 2 0,10, 20 20A 22} 10 pe™ L0 100 %

Acetic acid (28 p)2F DW. 62 WE 40| L3S SX|A|ZICE O] BHS= 100 wE At

83510 2tZto| B A|ZFE RP-HPLC (25-35% ACN in 0.1% TFA, 20min)& TIdst &

N
o
A
re
olo
i
N
B8
u
rot

Amidation g8 = RP-HPLCE &9 peakE= LC-MS
(Bruker maXis-HD LC-MS/MS Q-TOF system)& Sl £AtEF2 FESIFILCt LC-MSO|A

A3t column® Waters Acquity UPLC BEH C18 column (2.1 mm x 100 mm, 300 A,

1.7 um, Waters, Milford, MA, USA)E O|&3}0] ZXA& 2 FHHSIGILH Hd T7He=

rir

A buffer (0.1% formic acid in water [v/v])2} B buffer (0.1% formic acid in acetonitrile

V/V)E AHESHZ2M, 20 % B (0-1.0 min), 20% B — 40% B (1.0-21.0 min), 40% B —

95% A (21.0-22.0 min)ofl M HeS TIASIAULE FAHE2 electrospray ionization (ESI)

I
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@ multiple reaction monitoring (MRM)OIA| FEE| AL LC-MSE 0| 8310] 2XIEH2

MY A9l ExPasyS S AAS EXZD HESH0] amidation0] E|A=K| 2O

2.3.3 HEZIE| e 2azEd £5H

HE=7HAEIO M AT PpOrxAZt tubefeet ZXIOIAM FH EIU7] WZ 0 PpOrxAZt

=7HA2[e] FE0l= 2|0 S o1 Aot WZE0f EE=THAE[Q] apical

muscle®lA 2] 2= dHS Y S17|2 StRALt. E=7HAEIE dfFot0] BB =

s
mjo

22|10 HiHS FEe™, 5o EE Wt SYS 7tE X|E& apical muscle

£&20| ALE O] muscleg messE 0|85t 20 mme| CHHO = TS0 ALESIRILCE

Ha

rlo

£ 1IPHL 25 mM artificial sea water (ASW) buffer Of|A Zdlstgom, =M

445mM NaCl, 55 mM MgClz, 10 mM CaClz, 10 mM KCl, 10 mMTris-HCl (pH 7.8) 10 mM

Glucose OICt. X FH|El apical muscleg BHESZQ| X|X|ICHO| DHAIZ|L, YFS

isometric transducer0| ®Z3}0] resting tension0| 1.0 g0| TI== 30 27 Y3} Al

ZACE ZZ 9| tensionO| 1.0 gO| FXIEH 10° M| AchE FO0lst0 282 g3t Al

ZALE O] = HPLC M THAOM Y2 peakss FOlot0 +=52ds SZFSHAULL
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m Zit 9 EE

1. Recombinant PpOrxA

1.1. PpOrxA2| ME &M

HE7IA2IO] tubefeetOf Al FHTH PpOxA |H™AH FEZE£E PCR cloningE S5l
Orexin ORF ™A M1} PpOrxA2| mature peptidel| A|¥= EIRICH PpOrxA O
mature peptide= & 3370Q| Of0|=Ato 2 O|RO{M YoM, 6702 Cys7t ZetE|of
A28 2 3719 O|gzt A0l O|FO0fM US Aot oELCH (A7 5. 22|10 A
ME0|A Z st A3t OFXILX|Z mature peptide C-ZEH MY T Glyo| %[5t U

of C-Z2THo| ofool=strt £ RAS AOol2k OgElCh o] 22 Q3] PpOrxAE

ot
%
N
1A
|o
HuU
0
ng
[l
1o
Q

3

o
o
(@]

=D

mjo
ofm
ot
0O
na
m
mjo

Recombinant peptide2 4Atst

OtOrO|E=t Al7|= 2Hg0| ERZ diht= NS =oALt

1.2. Recombinant PpOrxA-Leu ‘84t

cDNA cloning Z1f, PpOrxA2| mature peptide= C-ZTHO| OFOFO|EZ}E[0] RUCHE

A2 2QISIRALCE 1 ZutE HOF M, recombinant peptide®! rPpOrxA-Leu= HHX|
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0z
-
ot

7t

!

g= 7t7 7|1 & 1)
ULl Met2 Leu

peptideE | &St

BL21(DE3)0| transformationStOi A

SHRICE 9 IPgofM &

CNBr2 XN 2|t RP-HPLCE

o=z otato| =g

5t7| fI8i PpOrxA2| C

o 1t

AlSIS K|S
= I_O

=3 SHRICH HA, PpOrxAS| C-Z TS OO0

—

THo| OfX|8f otO| L AtQl Met Zt7|E Leu TH7|2 X2t

MHO| ArESH &9 Carboxypeptidadse Y7t Hydrophobic®t Af
OtOio|E3t B8-S HotCts 217t A7 IHZO|CE PpOrxAll C-

o=z X2t PpOrxA-LeuM EE2 PCRE cloningSt® recombinant

ALt O] && 2fusion vector@! pET28a(+)-TrxAd| ligation &, Ecoli

EMZ Sof HQISIYUCE 1 O|F fusion peptide

HIS
=

S15I A O, fusion peptideE His-tag affinity chromatographyS
4 SIRACE

2 fusion peptides HAH$ =

E3510] MHSH0] rPpOrxA-Leus FRACE (A E 6).

2. PpOrxA-Leu?l| C-ZEF amidation

2.1. Amidation
Ao THDE

Carboxypeptidase

t2t RP-HPLC (25-35 % ACN in 0.1 % TFA, 20 min, 0.5 m¢/ min)&

C-2ctol ofOto|E3HE I8 rPpOrxA-Leudt

rPpOrxA-Leu2|

4 01

i

Y2t Met-NH,-HCl 7|2 & BtSA|Z amidation Al Zto|

StRALE 1 &

=M
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=l

P 2ESAIZHO] X0 2} rPpOrxA-Leul| peak (peak A) O|2/0f C-ZTHO| Met-NH,
2 E|0{ U= rPpOrxA (peak B)E ZE&ot O 712l peak 7 BHE[UCE O[Tt peak

=2 g2 amidation 80| oLt RACH= AS 2lOjsttt (A8 7).

ExPasy OflA #ttot O|2H ZAtEn HlmSto] LIEFLIRICE BHX|, O|2X 2l PpOrxA-

r

OH typel| £XtZF2 3449.02 DaO| 1, amidation 20 @M E|= PpOrxA-Met-NH; type
O EXtE2 3466.08 DaO|Ct. LC-MSE 0|-835t0] FH3E peakAl| EXHE2 344897
Dal 2 LIZOM, peak BO| EAIZF2 346603 Dal 2 ZHE|QACE 2t 47to| @

= —

Atgrol EXHR|2 = =2 Ee| 24t

o

ol 242t Ao 222 & 4 Utk ofE Ant=

FE peak A= amidation B&E 357 ®2| sample (rPpOrxA-Leu)O|1l, peak B= Bt

—

o

S F sample (rPpOrxA)0f|

ok
on
m
rr
o
mjo
ot

FOISHALH (A E 81f & 2).
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2.3. &%

H
[

Amiadtion 'S = HPLCZ &2|3t peak A2t peak B & CHE peaks8 AtEsi0] &
=7FAF2|Q| apical musclel] CHPH 2% 4 FHES SI/JACH (A 9). 12 8B
LIEFL| = O] OtOrO|ESI7t YOt peak BE 243% &A4S LIEWX|ZH rPpOrxA-Leu

(peak A) & CHE peaks2 0| LEFLEA] SALE IHEZ PpOrxA= C-Z e

amidationO| &d& LIEtLf= O0] X002t AS & £+ ACh 2 M M
21t 523t rPpOrxAQ| C-ZLEH amidation &2 ICHX| ZX| QUA/ACE 2Lt

amidation 2t30 &1k =&0| [EH Carboxypeptidase Y& £$+ amidationl| &=

ro

82 X|C§ 90 %tA| LIEPHCT H D E|ACH [Breddam et al, 1991]. 0|23t £=82| X}

0|7} &#d3t= O|F2 Breddam &2 SI=A0AM S Tdet 2HEH 2 A0

M+& amidation 882 E71"d =4 (2 pH 8~9)0|A 7

o

StRCL Ofbt o]2{gh &¢

Z79| Xj0|2 98} PpOrxAS] 80| LA A ZChD WZECE Ee sttol X

40| M S T stRA7|0f 80| S5t =S X oLt &
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3. 28

hril

= 7oA ofFel HHEHoAM E=7tME|Q tubefeetOAl “JX[TH OrexinA like

peptide0f CHot AFE

™
Ot

HSHACE XS PpOrxA2| <¢DNAE cloningOfl  2|3f

mature peptide A/ E2| C-ZEH F O Glyo| {IX[St2 A0 C-ZEHO| —OH typeO| OFH
-NH: type2Z of0|4t MEO| OfOrO|ERt7E E S =ISHRACE Recombinant
peptides YA o=z C-ZLHO| -OH 22 THYE|7| 20| C-LEHO| oforo|Est &
HES THE7| 2I8HAM Recombinant peptide At = C-ZCHO| amidation &S F
tMoz st M2ty LAEo 2 oot PpOrxA-Leu2 AHESHO] amidation
HS2 FIHECE HAHSHFULE rPpOrxA-Leud| 7t 2 A2l Carboxypeptidase Y

2} Met-NH,-HCIZ 7|2 Z AtESIY BIS F,

0z
OH

Moz C-2Utto| ofoto|=3t & 7

_ A

= QI5tct Lok 2 AFOM rPpOrxAS| £HEl It refoldingTHAIE TIASHA|
EUAX T 2= 2Y 58 U LIC-MSE 0|8% A FF Zutz 0|80 20t 0
O rPpOrxA =ALLHO| Ot 20| ¥y =0 USS =ASHRALE. A2{Lt rPpOrxA

Lo olgtst 20| oft MEHCZ £ A=Ae Xz Mo 4y ZuHezs

ges| & = gtk
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H 1. PpOrxA2| cDNA Cloning 1} recombinant PpOrxA-Leu M2 2|$t primer

klod B2

=2 ..

Name Sequence (5°-3°) Information

ORX-F primer GCTGCAGGATGCGCACGG (1~19)*

GAAAGTCTTCAATATACGTCTTCTGCG For cDNA

ORX-R primer cloning
(474~-500)
OrxA-EcoRI-Met- | AGAGGAGAATTCATGGGGAACGCCTG
Fw primer (82~92) For
recombinant
OrxA-Sall-Leu-Rv | CTCCTGTCGACTCATAAGGTAAGTGTGT protein
primer (167~176)

*: 8 50|A LIEH T7|o] MERH S
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10 20 30 40 50 60
GCTGCAGGATGCGGACGGCCACACTTTTCGTCTTACAGACAGTAGTTGTCATCGGGTACC
MRTATLFVLQTVVVIGY

TGGCCTGCACATCGACGGCAGGGAACGCCTGCTGCAAAGGCACATGTCATGAGATCCCCA
LACTSTAGNACCKGTC CHTEI!IP

AAGGCTGCAATTGCCCCTACAAGGCCGTGTTGTGCGGGGAGTTAAACACACTTACCATGG
KGCNCPYKAVLCGELNTLTM

GAAAACGGAAATCGGGAGACCCTTACCAGACAGTAATGTCGCCACAGCAGCAGCAGTACC
GKRKSGDPYQTVMSPQQQAQY

AACAACGAAGACCGCAACTGCCTCATTCCCGAGCGGACAGGCGGCTAGATGATGGCAGGA
QQPRPQLPHSRADRRLDDGR

TTGTAGGCGTTTCGAATAATCTTTTGAAACTCTTGAAGGAGACGCATCAAGCCGACCAAG
Il VGV SNNLLKLLKETHA QADA Q

ACGCGTTCGATGTACAAGACCAGAACGACAATGAGGACTGGGAGGCGGTGACGTCAAGTA
DAFDVQDAQQNDNEDWEAVTS S

GGAAACAAGCATCTGAGCATGCGCAGAATGTGTTCGTCGCCAATCACTTTTCGCAGAAG
RKQASEHAQNVFRRAQSLTFAE
490 500

ACGTATATTGAAGACTTTC
DVY =

13 5. PpOrxA cDNA ORF M.

Cloning 2 &3l PpOrxA 2| FA| ORF MES HHRU2D, T 483 b E O|R0H U2
160 7H2| ofojicite2 O|FO0{M A1, 1 F mature peptide = 33 712| OfO|-At0| 1
Met /2| Gly Off 2|8 amidation O] YO{L} C-HETHO| —-NH2 HE{E =Xt AS &

+ 9ict
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(a)

Native PpOrx A
G N A CCHKGTT CHE I PKGCMNTGT CPYIKAVLTCG

E LN T L T M-NH;

Recombinant PpOrx A-Leu
G N A CCKGTU CHTE I PKGCNTZ CPYIKAVLTCG

E LN TL T L-OH

(B) Met Met

PET 28a(+) fusion Mature peptide

Recombinant protein
(pET 28a(+) + TrxA)

173 6. Native PpOrxA2} Recombinant PpOrxA-Leu.

Ao PpOrxAL| otOj-At M HO|A Carboxypeptidase Y7t hydrophobic®t OFO|l 4t
OlAM BHS S HotChs WEOf M2t C-2EO| MetS LeuRZE K|SHA[F] T{ZT EELO|

E plasmidE M ZstALCE.
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250

200- A 45
150+ \ S £
<0mi ion> e
Omin reaction 1004 _
- L25
50 S

04 =l N\ . -20
200 e
2 e
T 150 s e
<10minreaction> 3 ™ =
E 1004 _-B :
g --"1 3 23
. - I
4 50 - n A g

- A L\ . A .f2

200 45

150+ _13s

<20minreaction> _-="
100 2
A L25
50+ AL
0 uu:' AN . h M N
0o 10 15 20 25 30
Time (min)

a3 7. rPpOrxA-Leul| amidation 8 ¥ RP-HPLC.

0 =CH2| PpOrxA 2| peak A ZF Bt3 A|ZHO| X[FHO [}2f peak B E H|E S peak E2

Lie T A2 2 EO amidation BHS0| 0Lt QUCt= ZAS 2|0[SHLt.
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<peak A> <peak B>

Intensity[A.U.]

x106 x10°
8~ 8-
3466.02 Da
3448.97 Da - G
6= =)
5
2
g
=
2 2—
|
0 | 1 T - I m'z 0 T | | I m/z
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Amidation EFSS S Y2 peak A, B7l 2O EQ} H[WAS [, amidation EHS
™ EXE I amidation B8 £ X Aol 23S & = UZ|0| amidation HHE

o] Yolytc
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H 2. rPpOrxA-Leullt rPpOrxA2| O|2X FEX}ZF A4k

—

Average (Da)

Sample name c-2& M.W without M.W with
S-S 35-S
9IS ® rPpOrxA-leu | TLTL-OH 3455.08 3449.03
B2 5 rPpOrxA TLTM-NH2 3472.13 3466.08
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(A) i

(B).

T
Injection

O% 9. PpOrxA o 2% 4.

(A) peak BE A 2|3t peakE2 HE7IALZ[Q| apical muscled]| 2% 482 2 21t
2 023 Hh30| LIQX| ULt (B) peak BE injection®t ZAutz 2F7to] 2= &

g2 LHEFURALY.
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