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Molecular characterization of a starfish (Asterina pectinifera) cysteine rich antimicrobial peptide

Tae Kwan Lee

Department of Biotechnology, Graduate School,
Pukyong National University

Abstract

Antimicrobial peptides (AMPs) are innate immune factors distributed among most life
forms including animals, plants, and bacteria. Marine invertebrates like starfish, Asterina
pectinifera, depend on these factors for their survival in the microbe-rich seawater and
marine sediments due to lack of adaptive immune system. To this day, there has been no
reports of AMPs in this starfish species. In this study, the cDNA cloning, genomic
structure analysis, recombinant production, antibacterial activity assay, and
transcriptional expression of previously isolated starfish AMP, Asterocin from the tube
feet of P. pectinifera are reported. cONA cloning revealed that Asterocin comprises 1078
nucleotides including a 3’ untranslated region (UTR) of 78 bp, an open reading frame
(ORF) of 234 bp, and a 5> UTR of 766 bp. The ORF encoded a preproprotein of 77
amino acids (AAs), which was composed of a signal peptide of 19 AAs, prosequence of
24 AAs, a mature peptide of 33 AAs, and one Leu residue at the C-terminal end that is
removed in the post-translational modification process. The mature peptide contained 4
cysteine residues that form 2 disulfide bonds. The homology search using the mature

amino acid sequence of Asterocin revealed that Asterocin had no significant homology to
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amino acid sequence of Asterocin revealed that Asterocin had no significant homology to
AMPs from other species. However, the pattern of Asterocin gene structure, which was
two exons separated by one intron, was similar to the gene structure of other echinoderm
AMPs. Antimicrobial activity assay demonstrated Asterocin was active regardless of its
disulfide bond formation against both Gram-positive and Gram-negative bacteria.
However, the most potent antimicrobial activity of Asterocin was observed when its
disulfide bonds were formed. The transcriptional expression level of Asterocin was high
in tube feet and coelomic epithelium. However, the expression level did not show
statistically significant change when these tissues were challenged with Bacillus subtilis.
Collectively, Asterocin is a novel cysteine-rich AMP from echinoderm that needs

disulfide bond formation in the post-translational process for potent antimicrobial activity.
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AAF, vt S, AR, AvEVRAERE Udn S ES BT S
Ay Eo] a1 water-vascular system®} tube feet= 7[A&= 5ol Qltl. 53], virit
gFE ALstas vpgolA et Aolrtr] uwdel] Wt fdA =
9 A7 SYEECdA oY FFE AMPZE A EIT AA
(Strongylocentroutus  droebachiensis)2]  coelomocytesoll A B ¥ cysteine-rich
AMPs strongylocins (13, 14)2} heterodimeric AMPs centrocins (13, 15), 2231 3|4F
(Halocynthia aurantium)©] coelomocytesell 4 218k Halocidin 5-©] $1t} (16).
2 AFAdM = FHFE &5t HE A (Asterina pectinifera— Patiria

pectinifera ®173) tube feetoll A A FEo] =5 H Aok, ALY Astero

gt

cin® 2 ™3ttt Asterocine 33712 ofm|iato® FAEo] glon, i}
22 3715 Da [M+H]*°] 11, 3’ rapid amplification of cDNA ends (RACE) polymerase
chain reaction (PCR)Z ¥} 766bp<] 3’ untranslation region (UTR)= T/ o] 1Sl
o (29 1). 22 Asterocin®] 1x7E7F Q8] BHE A QLA oboba 2 A

T-ol A= Asterocin®] AAMAES LolrR7] $3lA 5 RACE
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Amino acid sequence (by Edman degradation)

10 20 30

GKKRNAYFNX DDEXGNPGXI XKLVRGKKST LN

1 AAGAGGAACGCCTACTTCAACTGTGACGATGAATGGGGCAACCCAGGCTGCATCTGCAAA
K R N A Y F N CDDEWSGNU®P G C I C K 20
61 TTGGTCAGGGGCAAGAAGTCTACCCTCAACTGCCTATAGactgagcatgcaggcacaggt

L vV R G K K 8§ T L N C L * 32

121 tcgggcaagaactgactaccactgaagggattttaggacactgattactategttttacg
181 acacgaatatcacagatggacttecctgtaacgctttaatcaatctaaatagggttttagg
241 cgggtagaaagtaggcactttgtggtgcaaacggccgctggcacactaagaagcgaaggt
301 tcctcgaaatctgttctgtacttaatacttcattagcaggggeccecctgectaattatettg
361 tttctgcattcttactttecctcattaccgagaatgtacagatgaaaaaccacgcacgcat
421 taaaatggccgtagagcagtagacagaatgcctagttatacctttgaaggtctctctcac
481 atgtcgtcacttcctacagattgccacgcgecatecggecattttgggegtcaatttttegtg
541 acgcacatcgcecgctgegeccgtcgaagaaagttcgagcaacacgecagttgtaatttteca
601 acgaagatggcgtcctatgagagagatctagaagattttgtgegagtgtactcaatggcee
661 gttgatacactaacttagaaaactccatcatgcgttcacgttctteccettgtaactcage
721 ttgttattaatttgaatgtaaaaactaaaatatgcaattaaactgcccaggttgttaacg
781 gggttgtgtaaactacatacggacgaaaagcaataaataaaactattcctcatgcaaaac
841 aaaaaaaaaaaaaaaaaaaaaaaaa

I3 1. Asterocin®] Edman degradation 3 3’ RACE PCRZA 3}

Edman degradationZ Z}ofl &3} Asterocins> 32709] ofu|-Ato 2 FAE o] glal X
2 BAIE 4719 ofu]Ato] FAE ] Qk9kTE (A). 37 rapid amplification of ¢cDNA ends
(RACE) polymerase chain reaction (PCR)Z Z}oll 2|3}l 99bp2] open reading frame (ORF)+--

3} 766p2] 3’untranslation region®. = TAEH A= A & 5 STt (B).



1.1. A¥8FE

HE7kA ] (Patiria pectinifera)s= FAF st JALEA A AE w] witlo

A QAT AHE B e 8 FRA sS4 E 14TE FA5)

12. A5 @ A%

213 o] AFg-3F tryptic soy broth (TSB)9} Luria-Bertani (LB)*®] %= MerckA} (Darm
stadt, Germany)ollA] skl aL, v o] d7kst A A ampicillin?} kanamycin
2 LPS solutionA} (Daejeon, Korea)ollA %13ttt #5+ E.coli DH5a (NIH:
Bethesda. MD. USA) ¢} E.coli BL21 (DE3) cell (Novagen, Madison, WI, USA)= A}-&
Tt HPLCHA|-E  water®} acetonitrile<>  J.T BakerAl (Avantor-performance
materials, PA, USA)ZHE T3} trifluoroacetic acid(TFA)2} cyanogen
bromide(CNBr)-> SigmaA} (St. Louis, MO, USA)ZFH F-¢J&titt 1 ¢ X&

AOFE B AHgSTh



2. AFy

2.1. Asterocin®] cDNA cloning

2.1.1. Total RNA % 4% 5’RACE PCR

cDNA clonings $13ll 5° rapid amplification of cDNA ends (RACE) polymerase
chain reaction (PCR)= %133} t}. Total RNA Hybrid-R kit (GeneAll, Seoul, Kor
ea)= ARE-3lA] P. pectinifera®] tube feetell 4] =313 12, mMRNA= Oligotex mRN
A mini kit (Qiagen, Hilden, Germany)& ©]-&3a|l4 €2t} “1¥]3 RACEPCRS ¢
st ¢cDNA 342 GeneRacer kit (RLM-RACE, invitrogen, CA, USA)E ©|-&3}3it}.
5> RACE PCRS $|3%t primeri= 3° RACE PCRA ¥ (19 1B)E #1134 NCBI
primer-BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-blast) S ©]-&3 sequence-
specific primer= A Z3FA T (£ 1). 5 RACE PCR GeneRacer 5' primer?} gene
specific primer reverse (GSP-R)E ©] &3l 4] %13 a}3ltk (5 RACE ¢cDNA sample lul,
10 X nTag-HOT buffer 5ul, dNTP Mixture (2mM each) 5ul, GSP-R primer (10pmol/ul)
2ul, GeneRacer 5’ primer (10pmol/ul) 2 ul, nTag-HOT DNA Polymerase (5 units/ ul) 0.5
ul, sterilized water 34.5 ul; 95°C 10min, 5cycles in 95C 30sec, 72C 30sec, 72C 90sec,
5cycles in 95T 30sec, 70°C 30sec, 72°C 90sec, 25cycles in 95C 30sec, 72°C 30sec, 72C

90sec and 72°C 5min). PCR product= 1.5% agarose gel= 7|95 3IA

LaboPass Gel Extraction kit (Cosmo genetech, Seoul, Korea)2 ©]-&all A F%3}3i ).



2.1.2. Ligation & Transformation

PCR product:= pGEM-T Easy vector system (Promega Corporation, USA)®]
ligation 3} Th (TA vector 0.5 ul, PCR product 3.5 ul, T4 ligase 1 ul, 2 X ligation
buffer 5 ul; overnight). E.coli DH5a®ll transformationd}ith. W4 iceol| A4 E.coli
DH5a 100ul®l] ligationdt sample 10ul-2 Y11 30min X3tk 28] 31 42°C <
] 30sec heat-shockS =31, TFA] iceell A 30sec 3t A7l ¥ LB medium
400ulE ¥ 31 377C, 1hr culturest$ltt. 28] 3L ampicilline ¥-> ALB agar plate
(ampicillin 50ug/ml)el] =2k & 37°C, overnight culturest$ith. Single colonyE T
Al 5ml2] ALB medium (ampicillin 50 ug/ml)el| 4] 37C, 180rpm, overnight cultures}k
St} ©] 3 Exprep plasmid SV (Gene All, Seoul, Korea)2 ©] €3] plasmidE &

= § vk =24l sequencing= ©FsiA 2HQls3itt.

2.2. Asterocin®] Genomic DNA cloning

2.2.1. Genomic DNA &% 4% PCR

cDNA sequences WIS = 34 Asterocin precursor A1 2] open reading
frame (ORF)¥} 3’ UTRelIA Z+Z}t forward primer (GNP-F) %} reverse primer (GNP-
R)E A|#3}3At). Genomic DNAL starfish tube feetell 5] Exgene DNA extraction

kit (GeneAll, Seoul, Korea)E ©]-&afA] FZE3F3Ith 100ng<] genomic DNAE



template® AMgalA PCRS &tttk PCR =4S o3 7t} (genomic
DNA(100ng/ul) 1ul, 10 X nPfu-Forte buffer 5ul, dNTP mixture(2mM each) 5ul, nPfu-
Forte Polymerase (2.5 units/ul) 1ul, GNP-F (10pmol/ul) 2ul, GNP-R (10pmol/ul) 2ul,
sterilized water 34ul; 95C 2min, 30cycles in 95°C 30sec, 59-62.7 (gradient) C 30sec,

72°C 90sec and 72°C 5min). PCR producti= 1.5% agarose gel 2 17| %2 &4
ghol s} th. 17 a1 PCR producti= LaboPass Gel Extraction kit (Cosmo genetech,

Seoul, Korea)= ©] &34 F==33tt

2.2.2. Ligation & Transformation

%3 PCR product:= TOPcloner™ Blunt core Kit (Enzynomics, Deajeon, Korea)= ©]
23l ligationd} I th (pTOP Blunt V2 (10 ng/ul) 1ul, PCR product(14.1ng/ul) 1ul, 6X
TOPcloner™ Buffer 1ul, sterilized water 3ul; 25C 5min). E.coli DH5a°ll
transformationa} 31 tF. WA iceo| A4 E.coli DH5a 100ul®] ligation$t sample 6ul-s-
Y3 30min WX kSl h T12] 3L 42°C ol 4] 30sec heat-shocks 11, THA] iceol
2] 30sec QH 3t A7l ¥ LB medium 400ulE 21 377, 1hr culturedtSit). 1]
3l ALB agar plate (ampicillin 50ug/ml)el] ='23st 2 377, overnight cultures} it
Single colony= THA] 5ml¢] ALB medium (ampicillin 50 ug/ml)ell 4] 37°C, 180rpm,
overnight cultures} Sl th. ©] 5 Exprep plasmid SV (Gene All, Seoul, Korea)= ©]-&

=

A plasmidE F% § vl Z A9 sequencings 2 F a4 Eelskitt.

o



¥ 1. Primer &) €7144.

Primer Sequence(5°—3’) Usage
GeneRacer™
5 Primer CGACTGGAGCACGAGGACACTGA 5" RACE
GSP-R CTCATAGGACGCCATCTTCGTTGGAA PCR
*(134—109)
GNP-E TTGTTAAGCGGGCCATGGAT
*(164—183) Gene
GNP-R CTTGCCCCTGACCAATTTGC cloning
*(287—268)
CATCGTTTTGCTGCTGTGCT
qPCR-F *(90—109)
gPCR-R ATCCATGGCCCGCTTAACAA
*(183—164) RT-gPCR
EFla qPCR-F TCAACGACTACCAGCCCCTA
EFla qPCR-R TTCTTGCTAGCCTTCTGGGC

* 19 20 yEhd @743,




2.3. A F3F Asterocin ZAF

2.3.1. AZE Plasmid 7%

e

Asterocin A4S £ Mz plasmids  T538t7] fAslA A A A
pET28a(+) vectorell BamH I (Enzynomics, Deajeon, Korea), Nde I (Enzynomics,
Deajeon, Korea)= *] 2|3t ¥ Thioredoxin A A& fusion*] 71, pET28a(+)-TrxA

vectors ARESF T 18] 31 9FA cloning$t Asterocin cDNAE Multi cloning site

of Yol plasmids T3kt (1% 5).

2.3.2. AZxE dwa 4y

= o

T % plasmidE E.coli BL21 (DE3)cell]| transformation$t % kanamycino] =
o7+ KLB agar plate (kanamycin 50ug/ml)ell =234 37°C, overnight cultures}S}
t}. Single colonyE tA] 5mle] LB medium (kanamycin 50ug/ml)ell A 37T,
180rpm, overnight culture= 33tk ©] % 500ml<] LB medium (kanamycin 50ug/ml)
ol scale-up3llA] optical density (OD®= 33374 (Vitek Colorimeter #52-1210,
Hach, USA)Z =734 Fte] 0.6~0.7 = wi7k#] 37C, 180rpmelA <F 3hr
culture3titt. 18131 IPTGE ImMEZ7t HE% ¥ ¥ 37T, 180rpm, 4hr
IPTG inductions % &3}51t}. Bacterial cell> 412 (8309, 40min, 4TC; VS-

21SMT, Vision, Daejeon, Korea)dl A & it}

10



2.3.3. Cell lysis & Ni-NTA A A

Bacterial cell= 1 X phosphatate buffer saline(PBS, pH 7.4)= washing3}$it}. 1 X
PBS 10ml° PMSFE 1mM-& =% %11 Sonifier 250 (Branson Ultrasons, Annemasse,
France)E ©]-&3l4 40% amplitude, 20sec, 33| sonications}$itt. 12|31 thA] ¢
A H-2] (37359, 40min, 4°C; VS-550, Vision, Daejeon, Korea)3l Al A5 N2 Az
37 pelletS 10mle] 1 X PBS (5mM imidazole, 8M UREA)E ©]| &3} suspensions}$)

]_

32

=

o

oh 283 oAl 94die] (37359, 40min, 25°C)Ete] SN nkS g

o

Z o]l Ni-NTA agarose (Qiagen, Hilden, Germany)< &3 25T, 20min W3- &t
polypropylene columnell 1 X PBS (500mM imidazole, 8M UREA)Z £&A] A A
His6-tagged o2& 7 A8}l tt.

2.3.4. Dialysis & CNBr * &

A ¥ His6-tagged 423 Standard Regenerated Cellulose (RC) Membrane:
Dry Spectra/Por® 1-5 Dialysis Tubing & Trial Kits2 ©]-&3|4 5L°] 5% AcOHelA]
overnight sto] A48 & ZA7AZsIY. TAA%E samples 2mle] 50%

formic acid® ¢ ¥ CNBr< 10mg/mlZ 2] 3}al ghr, &uk-g-3ic) w3

% gkgono] 108] volume?] distilled water (D.W.)S Hols ¥ A7 X830}

11



2.3.5. HPLC AA|

TAAZE Samples 2mle] 50% formic acidell =<1 ¥ reverse phage high
performance liquid chromatograph (RP-HPCL) (Capcellpak C18, Sum, 4.6 x 250 mm,;
Shisheido Co., Tokyo, Japan)E ©]-8-3A FAstAtt. =102 0.1% TFAZE So%t
LC water (A€-1), 0.1% TFA7} E°%} acetonitrile (B& )& A1£31% 17, B =
8minst 5% Z¥ 71, 60min &<+ 5-65%E 1.0ml/min F50% S A

AT (11" 7).

e

A

%

i

2.4.

A ErolE (peakly}t 2)0] FAMFS FAUT L FEAIAFH
+ Ultra High Resolution Q-TOF LC MS/MS system (maXisHD, Bruker, Germany)= ©]

oM S8 (LH 8).

25.DTT A8 & HPLC AA)

AT A% Asterocin peakl¥} 25 500ug® 44 ©]A] 800ul distilled
water(D.W.)oll =9it}, 18] 31 100ul€] Tris-HCI (PH8.0, 100mM)$} 100ule] DTT
(100mM)E A 2]dtal 42°C, 2hr ¥FSEh WS T 2359 T Wyow

A,

12



AzFoz YAtk 2744 type] Asterocinit o] 52 FH¢l A1 linear type®]
Asterocin 1211 3} A3k (type3; “1H9) Asterocin®] A EAS S8
918l ultrasensitive radial diffusion assay(URDA)E AH&-3stdth (17). AFE-SF
+ Bacillus subtilis KCTC 1021, Staphylococcus aureus KCTC 1621, Micrococcus

luteus KCTC 1071, Escherichia coli D31, Salmonella enterica ATCC13311, Shigella
flexneri KCTC 2517, Streptococcus iniae FP 5229, Aeromonas hydrophila KCTC 2358,

Edwardsiella tarda NUF 251, Vibrio parahaemolyticus KCCM 41664 “12] 37 Candida
albicans KCTC9765 ©|t}. -4 TSB mediumel| Al %5 Fish pathogen<- 25T,
o2 5= 37Col overnight© 2 pre-cultured}$ith. Pre-culturedt 5+ H| A
Al (biomerieux, Lyon, France)E ©]-&3ll 4] 10mM PB (pH 6.6)= ~10% CFU/mI 3]2]
at9ltl (C.albicans= ~10° CFU/MIC.E 3]A)). 3]A3 #3F 05mlS 9.5ml<]
underlay gel (10mM PB (pH 6.6), 0.03% TSB, 1% agarose)°ll 2 1t}. Underlay gel->
square petri dishel] %37, sampleS loading sF7] 9184 <F 2.5mm 27 2] wellS
= Welld F7= 1mm ©]3l, 5ul®] 0.01% AcOH=Z =<2l samples
loadinga} 21 t}. Loading$t sample-> 1000—3.9ug/mi7}A] 2u|2 =x}2] O 2 3] 4]
S t). Loading & 25T, 3hr H el overlay gel (10mM PB(pH 6.6), 6% TSB, 1%

agarose)= -1t} 37°C, overnight culture 3+ ¥ clear zones =73kt Clear

I:H

SAS A

d

zone® 7L units (0.1mm = 1U)= /st FEFo] = 2] Minimal

13


https://en.wikipedia.org/wiki/Staphylococcus_aureus
https://en.wikipedia.org/wiki/Candida_albicans
https://en.wikipedia.org/wiki/Candida_albicans

effective concentration (MEC, ug/ml)<> X-intercept of a plot of units against the logio of
the peptide concentration (18)°.= AAFelGith. &4 574 AP 33] R X3y

3R, Ay= HAgko = A3

Asterocin precursor transcripts®] @S dotR7] 984 RT-gPCR #41&

St Aol ARES &2 coelomic epithelium, coelomocytes, gonad, pyloric

v}

caecae, stomach, Tiedmann’s body “12] 1L tube feet= AF-238}At). o] T e o
WekE coelomic epithelium} tube feet= ©]-234 immune challengeo] uw&
Asterocin precursor transcripts®] 2F& =S Ohr, 8hr, 16hr, 12|31 32hrof| Al 2 = 3]
A B3tk Immune challenges= Sl EoA AW S doy|+= HAdH T

3FQl V. anguillarum (19)= ©]8-3F3it). V. anguillarums 25°C oAl overnight
culture %~ optical density (OD*°)= #3354 (Vitek Colorimeter #52-1210, Hach,
USA)E AH&3to] 54 %S 01% SEFo] 3omle] < 300L af<ol Fof A¥

zoH 22

e

Ayttt Total RNAL 502l E7 A ol 247F 24)&

o

% Hybrid-R (GeneAll, Seoul, Korea)= ©] &34 F%&3F3ith. 18] 12 RNA quality
+ 1.0% agarose gel 7|95 &34 2<1staL, Nano Drop Lite (Thermo fisher
scientific, Wilmington, MA, USA)E &34 &3}l th. cDNAT TOPscript cDNA

synthesis Kit with oligo dT (dT18) (Enzynomics, Deajeon, Korea)E ©|-8-3) 4 34 5}
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%1 t}. Asterocin precursor cDNAS} th =0 2 AME-4¥ factorla (EFla, accession No.
AAT06175)cDNAE= Z+Z} gPCR-F$} gPCR-R 121l EFla qPCR-F2} EFla
gPCR-RE A}&-3ll 4] amplification?} elongations &}t E7FARE o] Z2] 59
tf gk Asterocin precursor transcripts®] WA FFEA st fI8A CFX
Connect Real-Time PCR Detection System (Bio-Rad, USA)S ©]|8-3|4 RT-gPCR3}
ATt (20). WH AL b ). (Total 20ul - 2x SYBR green premix (TOPreal
gPCR 2X PreMix, Enzynomics, Daejeon, Korea) 10ul, forward primer (10 pmol/ul) 1ul,
reverse primer (10pmol/ul) 1ul, 10 X diluted cDNA 1ul, nuclease free water 7ul; 95 °C
10 min, 40 cycles of 95 °C 10's, 60 °C 15 s and 72 °C 15 s with fluorescence recording at

the end of each cycle). Product specificityS HE.7&3517] ¢l3ll Melt curve analysis<
60-90 °C = L=H §JollA Al &}SItl. Ampliconss agarose gel= ©]-83+ product

gelS Tl EAskTh EFla® &S ulH]  Asterocin  precursor

S
>
w
2]
=
&
1o
N
N
e
o
)
)
i3
r_BL'

g F-X-2comparative CT method (244¢T)-& o] &
A EAsEA T (21). T 33]9 WA HA3dE SAHCE FAsH F
Al#21-2 GraphPad Prism software version 7.0 for Windows (GraphPad Software, San
Diego, California, USA)2] one-way analysis of variance (ANOVA) with Duncan's
multiple range post-hoc analysis (immune challenge datai= two-way ANOVAW-2] A}

£)S o]ga| A }EFTE Relative fold expressions &+ E A E YERH T

P 3k (P<0.05)E BAHOE frelatria AL



1. Asterocin®] cDNA £} genomic DNA cloning

1.1. Asterocin®] cDNA cloning

Asterocin precursor®] 73| nucleotide sequences 7] 984 3° RACE PCRZ
WS AlgC® 5 RACE PCRe 13akglty. 5° RACE PCR 23}, Asterocin
precursor®] nucleotide sequence:= 78bp<] 5’ untranslated region (UTR), 766bp2] 3’
UTR, 2]l 234bp2] open reading frame (ORF)C.Z & 1078bpE T4 H o] 3l
o}, ofu] A2 F 7770, signal 4.1 o] 234 19719 signal peptide”} <=3}
= A Folsksiar, o]ojA 24712] prosequence, 3371 2] mature peptides, 12| 1l
et o 2 Leu7o g FAEO Sl (1 2-3).

cDNA cloningell 9]3dl 4@ A d-S Hw Asterocin®] 7-9- precursor protein
o= w9 X H signal peptide (Met™-Alat®)ol] ]84l A xu} v} 2 Fu]¥ a7,
dibasic cleavage site (Lys*-Arg®)7} & Ao & AwtE o] prosequence]
¥ F disulfide bonds®] 34 5] post-translational modification= &34 mature

form (Gly*-Cys®)& 4 & Aoz ot vpxue] Leu”” = Cys-Leu A}o]

i

A2 = metalloproteaseel] 2J3l ## ZoZ ot Metalloprotease+

rotease®] 3t THZ FT= metal FH TR E S enzymeold], 71E 4
p



o

Cys-Leurto] FElol= At A&t

Fl[‘
N
;O
o
R

1.2. Asterocin®] genomic DNA cloning

Asterocin®] genomic DNA A4S #2438k A3} 27]1¢] exono] A8t 1 Ab
olol 766bp<] introne] == AS & 4 Qlth Exonl °l& 5° UTR (78bp),
signal peptide (19aa), prosequence(24aa), “1&] 31 mature peptide (8aa)”} < 3%tt}. 1
2] 766bpe] introno] A3, FHolo] exon2¢] mature peptide (25aa)<t
prosequence(Leu)”’} 13l o]ejA 3> UTR (766bp)7} Utk (C1¥H2-3). whzhA
Asterocin®] mature peptidei= exon12] 8712 o}u|:=-AF3} exon22] 2571¢] ofn]
Aoz 4 E 33709 ofmiat I7IE TR fEfo] Ele] A E ST

BLAST 41 & 3l A3} Asterocine tE AMP=2] homology”F A2 $l
k. AR Asterocin®] genomic DNA sequence®l] 1i= exon3} intron®] % &
B o2 79 FuE 23 H]523 exond} intron Aol HES 2SS = 9l
<d, 7 =& ‘HEZMAFE] Patiria miniata (accession No. AKZP01101613),
Patiria. pectinifera (SFCrAMP, unpublished data), 3|4} Patiria parvimensis (accession
No. JXUT0100825), “12] 32 A3 Al Strongylocentrotus purpuratus (AAGJ05078 965)7}
Qlt}. Asterocine ¥ 33k 5714 2] AMPE EF 270¢] exon AFe]el introno] 31
+ ¥ ®lo] genomic DNA sequenceol] LFERATE (717 4). o]2ld RS FuF

Fo] 71X = M2 cysteine-rich AMPsS] prototyped 2102 AJzhe ).
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mRNA
5’UTR 3UTR
(78bp) Signal  Prosequence Mature Prosequence (766bp)
peptide (24aa) peptide (1aa)
(19aa) (33aa)
B
Exonl Intron(766bp) Exon2

“ona = MR B —
DNA

23 3. Asterocing €7] U olu]xAAE BAT.

=

Asterocin®] mRNA 97] 9 o] =4k B2 % (A). Asterocin®] genomic DNA €7] A4

2] 5= (B). Signal peptide:™= & ¥, prosequencei= =% ¥, mature peptide:= 7221

5

>

12] 3L intron Fat2 Ao R Z+7F E

19



Exonl Intron(766bp) Exon2

P.Pectinifera gDNA . -
(Asterocin)
8 26

19 24
PPectinif DNA Exonl Intron(896bp) Exon2
2 Pectinifera g
(SICrAMP) - - I
21 19 14 25
Exon Intron(876bp) Exon2
P.Miniata gDNA THTHTITITT
(AKZP01101613)) - —-
21 19 14 25
: i . Intron(737bp) Exon2
P.Parvimensis gDNA I
(JXUTO01008250) L - -
21 17 14 3
Exonl Exon2
8. Purpuratus gDNA ‘ " Intron(605bp)
(AAGJ05078965) Latil . _
19 35 4 36

13 4. Asterocin® T2 F9 AMPHZAALY FZ H] AL
HE 712 P, pectinifera©l] Sl Asterocin 2! SfCrAMP-71 212 %29} P. miniata, P.

parvimensis, 2] 3L S. Purpuratus®] $1+= AMP- 2o %,

20



2. A =% Asterocin YAF

Asterocin cDNAE A & Al o Al pET28a(+) vectorel Thioredoxin A A5 4
olA  ®HE pET28a(+)-TrxAol ligation 3 % E.coli BL21(DE3) cell®]
transformationa} 1 th. 18] 1 E.coli BL21(DE3) cellS IPTG A& #d-S
FEET BaE FE ofF = SDS-PAGEES o] g3lo] Eelatdtt (1 6).
o] % His6-tagged 1 22 Ni-NTA Agarose(Qiagen, Hilden, Germany)o] €34 7
A|sF3ith. 12]31 CNBr cleavage= *2]$F ¥ RP-HPCL (Capcellpak C18, 5um,
4.6 x 250 mm; Shisheido Co., Tokyo, Japan)= ©] &34 A Alstic (198 7). =4
<2 0.1% TFAZ} 5913k LC water (A-2-1]), 0.1% TFA7} &1t acetonitrile (B-2-)
S AHEERelal, BElE 8minEel 5%E E¥F3l, 60min EQF 5-65%%
1.0ml/min 522 S84 AT Asterocin &% oAk E = peak= 2717}
Z}+7} peaklS 26min (BE-1H: 24%) 1231 peak2i= 29min (B-&wl: 27%)olA] &%

= et

21



Met Met

KO'[ His-Tag ]_[ Trx A J'OAsterocin cDNA ]\
I 1 |
|

I I
| | | : | |
pET28a(+) fusion Multi cloning site
L I
| | |
Recombinant protein
\ pET28a(+) + Trx A )

% 5. AZF Asterocin plasmid.

100 .
70

50 -
40 -

1|

30

20

15

19 6. Asterocin® SDS-PAGE.

No induction (A). 10mM IPTC induction (B). 3}2F3 = 3 A| gk band”} His6-tagged T2 4.
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a9 7. AFF Asterocin®] peakl1d}t 22 A
AAZAL 0.1% TFAZF 5017k LC water (A& ), 0.1% TFA7} S97} acetonitrile (B
S AFEEH T, BEWE 8mingst 5%E 217, 60min E<F 5-65%% 1.0ml/min

#eoz oA gAGA
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w
i

e

e

%

JAIsE 271 peaks] =4 =9 EAES 543 A, peakls 3713.7666 Da
[M+H]*, peak2: 3713.7680 Da [M+H]* °]oitt (28 8). A% A%
Asterocin peakl¥} 29] ¥} Asterocinol] £x13F= 4702] cysteineo] 271 2]
disulfide bondS A& uwjo] F-x}aF91 3712.78 Da [Monoisotopic] ¥ 53 3k

& UEblth A AN A kel 2o

rr

28 A %3 Asterocino] =

HtEA 3 EATE A drlgth

1\1

of UEF}5o] 2719 peak= =3

& AL, o] 271 BAol BAY L B BT Asterocingl & 3

24



>
=

2.0 2.0
[M+H]*
[M+H]* 3713.7680
e 15 3713.7666 o 15
[—] (=4
y— —
- )
E 1.0 E 1.0
= =
2 2
= =
ol .
0.5 0.5
K(] v . — 0.0 r r . .
2000 2500 3000 3500 4000 4500 2000 2500 3000 3500 4000 4500
M/Z M/Z

13 8. AAe AZFg Asterocin® X

Peak12] =A% (A). peak2s] A (B).
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Type 1

Type 2

Type 3

Type 4

1% 9. Asterocin®] disulfide A3 #j€ld] o

C]\'}— --CIQ-CZI 33
i I
C1o =——C19=21 Cc33

26
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4.DTT A& % HPLC AA|

2719] disulfide bondS 7}* 3l Q1= Asterocin® disulfide bondS 2 A]7]7]
184 DDTE A Elstslth. A1 %3 Asterocin peakl®} 25 500ug? 4] 0]A
800ul distilled water (D.W.)oll =9it}h. 18] 3 100ul2] Tris-HCI (PH8.0, 100mM),
100ul®] DTT (100mM)= A @&t 42°Coll A 2hr ¥E-&-3FI vk 18] 12 RP-HPLC
(Capcellpak C18, 5um, 4.6 x 250 mm; Shisheido Co., Tokyo, Japan) = =43} th %
AL 0.1% TFA7} 507k LC water (A1), 0.1% TFAZ} S0]7F acetonitrile (B
mM)S AFEER L, BEME 8mins<et 5%%F Ed5aL, 60min E9F 5-65%%
1.0ml/min 422 S84 FAs . DTTS Al Asterocine -4 ¥ o
cyclicstgt=o] ol linearsld-&Eo] Hrh. mabx DTITE Ay 2d=2 DTT
2] A9 peakl H U= 4min “12] 31 peak2 EU= 1min 71 =4 £5% %
t} (2% 10). o] A3} DTTE peakld} 29| disulfide bondS #31S W #&
49 linearF Hj 7} HATH= ZS gw|sth ey 2744 A3 Asterocin

o] 719 9o vhebl w3t typeo] ATHEH T ALA o} o 5 gk,

e

A g oA o] Hef 72 F9] starfish2] coelomic epitheliumell A 7 #| 3} a7
S+ sk SfCrAMP  (unpublished data)”} Slth. o] &2 ofu|wAil IS
Asterocin®} F-AFSFTE SFCrAMPE & 38719 ofvwmAtoz A Eo] gl
ol 33709 olmAto 7 A AsterocinE U 57] WA T 47%2] identity S

Holal ofulAk M Fbel M2 FARSHA BEEE FEo] AT (2
27



H11). 7 =4 BT 4709 cysteineo] 719 w3 f1A]ol 1o, PI gk oA
9.13%} 9.2% W52kl th wEbA] Asterocin®} SFCrAMP-2 13 9o el 47}
A typezol A 22 type?l disulfide bond= 7}& Zlolg} o Abstadch B A3
Aol AFAyte] wEm SfCrAMPE 1% 99 YER 4709 typeF ol type3s!
C1-C3/C2-C4 AFol ol A disulfide bondS 7Fd w) 714 73t &84S el
St} (data not shown). m2kA] type32] disulfide bondE 7}4]+= Asterocins 43
SHATH

213 type32] Asterocin®} A Z3F WA o2 AYAFSE peakl®t 2 Z12] 3l linear
Hej o] Asterocin® 3}st4 A A-g vlwstz] $s4 RP-HPLCE retention time
(RT)S SAsALE =712 0.1% TFAZF 5913t LC water (A€1), 0.1% TFA7}
S0]7F acetonitrile (BEm)S AFE3}31al, BEUWE 8minset 20%= Eo]F1l,
20min 3<F 20—30%= 1.0ml/min 7% 22 A AASIT (18 12).

Peakl-> 17min, peak2:i= 22.5min, DTT *]2] 3t Asterocin= 23.5min 1]l %
3%t Asterocine 21,5minoll £&5 31t} Peakl®} 2= A &3 7H7; UFE peak

2 AAEA. 29 8o vErd 3714 type?] disulfide A3 FoA o

oX
il

(typed)¥t TFE 27} type (typel Hi= type2)= 3htol disulfide Ae-S z+z)
Zhe Ao g Helt HEFEH o7 disulfide 28-S 7HAE 3714 typed} lineardt

Hel7A F 4714 type?] Asterocing itk
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4.0
- 65
3.0 | DTT treated 455 ~
S \ ‘ //’ o~
I .’ - 45 E;
2 2.0- | - =
E I L7 - 35 '
] # S
£1.0/ 1 \ - 25 5
| .- J 15 ©
- IJ‘, _ fJ!‘,fILV, ] W o ‘Lg,fiii R RS
0.0 5

0 10 20 30 40 50 60
Time (min)

19 10. AZF Asterocin®] DTT Az & AA.

AAZAL 0.1% TFAZF 5917t LC water (A€-1), 0.1% TFAZ} 593} acetonitrile (B-&
) AFg-3tQ 3, BE WS 8minEsSt 5%E =811, 60min 59k 5-565%% 1.0ml/min
FEoZ FeA FASHAH.

10 20 30 .
| .. N Sample ldentity PI

Asterocin — - S53- -5 YFNCDDEWGNPGCIC JLVRGRRSTLYC This study ., B
(& TN B CRKGREGVRGNE FENCEDEFGNPGCVC SRRKGCRAAVECR T L TR Y

* ok * ok Nk ok - kok .k ok ok ke ok . +k s K

Conserved region

1% 11, Asterocin®} SfCrAMPE] o}m) =4 21 EA] H| 1.
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0.6
05 A — Peakl
I B — Synthesi
C- P};:kzesm - 40 _
- 0.4 - D — DTT treated e\c
= %
< C k=
~ 0.3 1 B\ ‘ D J':;‘
: A ¥ _-130°g
§0.2' \ ™ %
< Jl’f” P>
0.1- «”/il <
- |
0.0 ['UL“’ L L 20

0 S 10 15 20 25 30
Time (min)

19 12. Disulfide bondE 7<= 37}4 typed] Asterocind} linear typel] Asterocing
retention time (RT)H] 1.

0.1% TFAZ} £°17F LC water (A1), 0.1% TFA7} S917F acetonitrile (B5 )& AM&-3F
A, BEHE 8minEer 20%E E#F 1, 20min ¢ 20—30%Z 1.0ml/min 502

oA AAsH T
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5. ¥48H &3

3+ 3k Asterocin (type3), #1Z=3; Asterocin (peakl¥} 2) 12|l linear type

3

e

Asterocin (typed)> URDAY 0.2 &S S350 (17). F7 2 S
sH7] ¢l = 1070 #F5 AFE3 T (3 2). Gram-negative bacteriaq! Salmonella
enterica  ATCC13311%} Shigella flexneri KCTC 2517 “4-%- minimal effective
concentration (MEC)%ke] Z+2F 4.13 (ug/ml)oll A1 6.87 (ug/ml), 1.42 (ug/ml) 1| ~197.86
(ug/mh=2 47FA] types] FEfo|ZoA BT &S yERlty. 183 Gram-
positive bacteriaq! B.subtilis KCTC1021%} Staphylococcus aureus KCTC 1621 12|
37 Micrococcus luteus KCTC 10719141 += MEC7} 11.15 (ug/ml)ll 4] >250 (ug/ml) =
=4 ¥t} e, Gram-positive bacteria?l E. coli D314+ g4 3k Asterocin
(type3)Wt MEC”7} >250(ug/ml)= =7 ¥ Slth. X Fish pathogens?! Streptococcus
iniae FP 52292} Aeromonas hydrophila KCTC 2358 12| 3. Edwardsiella tarda NUF
25194 &= §Ad sk Asterocin (type3)WF MEC”7F Z+Z} 181.93 (ug/ml), 93.65 (ug/ml),
>250 (ug/mh= =AY 12} Vibrio parahaemolyticus KCCM 41664 %}
fungus Candida albicans KCTC97659 4 = X7 &S Holx] &ohtt

AAA oz Hs w SICrAMPE] I AiolA o= C1-C39
C2-C4 type9] disulfide bond”} 3/d= uw] Asterocin A Ajgo=z F
minimal effective concentration (MEC) €4S Yeldiitt. 12} Senterica

ATCC133119] 7d-¢-oll= 47}A typeQ] Asterocin®] A4S 7FA1 AL, V.
31
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parahaemolyticus KCCM 41664 %} C. albicans KCTC9765 7d-%-+= disulfide bond 2}
Zglol &/dol glelth

2711¢] disulfide bondE 7}#| = cysteine-rich AMPY] disulfide bond®] & 7]l
st A=l =9 disulfide bond7F 74+ 4 Sl 574 x3o] B-hairpin-like
structures FA sl=d H 231, ol cysteine-rich AMPE©] 714 & &= &
Ast gaddS 7Hd 5 Qdthar stk (23-26).

Asterocin®] 3¢5 27019 disulfide bondS 7} w vlw# 73 FAS 7HA
™, C1-C3%} C2-C4 %39 disulfide bond7} th2 Z5tell wlsiA draido] 74
s AoR HA, e g8 Zed FEd FHtn d4En e
L disulfide bond”} ¢l linearst FElClA: FwdAS vzl Wi,
disulfide bond7} =2 <] g oIt foldingell Fa&Fs FolA s 7es %
=l 7]olatA Rl disulfide bond ZHA7F ©<Es] et EAS Holsd oAM=

HEEA] @ FHA e e Ao Hl,

32
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X 2. Asterocin® 37}A] disulfide bond S]€1 3} lineardt ]9 Asterocing ©] &3 o &
a5 gist 784 SA.

a8Minimal effectives concentration (ug/mL)

Microbe Asteroc[n Asterocin Asterocin Asterocm

Synthesis Peakl Peak? linear type
(Type 3) (Type 4)

Gram-positive

Bacillus subtilis

KCTC 1021 20.53 >250 >250 >250

Staphylococcus aureus

KCTC 1621 11.15 100.26 100.81 172.14

Micrococcus luteus

KCTC 1071 36.18 >250 >250 >250

Gram-negative

Escherichia coli D31 >250 ND ND ND

Salmonella enterica

ATCC13311 4.13 10.76 4.95 6.87

Shigella flexneri

KCTC 2517 1.42 10.3 97.86 22.25

Fish pathogens

(Gram-positive)

Streptococcus iniae

FP 5229 181.93 ND ND ND

Fish pathogens

(Gram-negative)

Aeromonas hydrophila

KCTC 2358 93.65 ND ND ND

Edwardsiella tarda

NUE 251 >250 ND ND ND

Vibrio parahaemolyticus

KCCM 41664 ND ND ND ND

Fungus

Candida albicans

KCTCO765 ND ND ND ND

g 542 3Rk wt

B AP0z A8 9L, L BHEAE EA.

"ND & 250 ug/mL ©]’39] s%x9] Heto] =7t AbgEolk S0l 9l BF-
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6. Asterocin precursor transcripts®] W& vl W

Real-time quantitative polymerase chain reaction (RT-qPCR)=> o] &3 4] H&7}A}

ol

o

2] 77§ %A o] sl Asterocin precursor transcripts®] WSS

e

g3kl
(1% 13A). 235 2 Asterocino] HZ=FA F AW tube feetol A 7H B2

1}

ﬁ%

FS HaL coelomic epitheliumoll A ZIthg o2 we WS wt)

M

3 YA 574 A g5 EARNORE 9 SroA fojus 4

=

= A& 4 AT} wagFo] wakd tube feet¥} coelomic epitheliums AR-&
3to] immune challengeell ™WE WHAEFS AT (I 13B). Asterocin
coding regions- target© % 3= gene-specific primerE A &Ll A AR5} 0T,
EFlaE invariant control@ A}F8-3F31t} (20). Immune challenge 2 3ol A= AJ7+
O W2 5 Ao wdgko] AE H]=3 HES Btk Ohr~ 16hr7bA =
T Ao B b Fe] £ S AN 32hroll A vrAl FFsEaiT. 32hre]]

A A7) FAS A1e FAHe A7k Fe SAA T, sl ek

S7hehs e HolA I3tk wEbA Asterocin®] - 25 ltel] 9
3 fEEs= Ezolzly] BulE tube feet ©|U} coelomic epitheliumell A &FA] it

Aol FAHEA A E vkl 7o g ot =dE FH



>
=~

n

1.5

¢

D Coelomic epithelium
2.04 ] tube feet

1.0+

terocin/EF1-1a)
= e
o wn
[ L

Relative fold expression
(Asterocin/EF1-1a)
Relative fold expression

]l all all 0

. T L) L)
. o N & 0 8 16 32
F & &F 05@‘ « B After immune challenge(hr)

o
(=]

7173 13. Asterocin precursor transcripts®] W% B8] 1,
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Gene assembly and recombinant expression of a model peptide (0 AL14) for the application of
bioindustry

Tae Kwan Lee

Department of Biotechnology, Graduate School,
Pukyong National University
Abstract

Peptides are small polymers typically composed of 50 or less amino acids. Although
numerous bioactive peptides have been reported up to date, mass production of peptides
are often difficult limiting their utilization in pharmaceutical or cosmetic industries. This
study aims to propose an effective and economic mass production method for these
bioactive peptides. The expression plasmid is constructed firstly by fusing Thioredoxin A
sequence into pET28a(+) vector, then the nucleotide sequences of desired peptides with
Met at the beginning were inserted using restriction enzyme sites in the multiple cloning
site (pET28a(+)-TrxA-peptides). The plasmid was transformed into Escherichia coli
BL21 (DE3) and overexpression of the recombinant fusion protein was induced. Then,
each peptide is separated by cyanogen bromide (CNBr) digestion, which cleaves C-
terminus of Met residues. This method allows the simultaneous production of different
peptides. Moreover, Met changes in the CNBr digestion leaving a homoserine lactone at

the C-terminus contributing to structural stability of recombinant peptide.
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I. A&

Hepo] == oF 507 olufe ofr]Atow FdE weAo|th Eo] =]

A% wmast gy =7 @) dEe] BgE PHoE LR Jbsa,

(e

Al Wol7y Thsstrh, i A2 o w e A 24e 2] wiEel ook

FRE F3AE, 293 4F vole AARE Wol AFHa vk 53]

O

274 Fepol=9 A% w2 WY dwdd, 1Ea R sl e &
Aow st7] wzol FAAN WE dFEx WE= 777 o HT (1), @

WA S Solqow wgsly] Wi WelT Bald YA 4 9

v

A 3F
-1 B

A%
oX
o

72
HAete]| =5 AAbsk= W2 AA F 7HA7E =, stve 3t

o
O

oA AASHE wlela, YA b AEFE A wAoR AeH:

Holt}h, 384 AW A9 Solid-phase (3)9} liquid phase (4)7} =l 714

o

of A TjFAgAre] BE] wRe] FE R B U} (5). EF ]
EHoZ opvliat A%t 30707 Welbd §Ael AErhe wAlel itk A
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443 HAefol=rt AxT #FE ol &k WA oE AAEIL AT (6). ©l &
3k A %% 5= Escherichia coli (7), Lactococcus lactis, Pseudomonas putida ~
2] 32 Bacillus subtilis (8) 5-©] 2t}

A=Esra 2o RloA = o]t SFAIE HelA S54& 7FAA

GRALY AR Aslets e 22 T & glolob @tk 1el3 el =

i
i
J
it

Wzl vla #Za FER7F @<=sh7] wliEol proteaseo] thdk oAl o] wj

st WRlS At gk ARRsk WAE A ERF HFE o] &ElA fusion
expressiond2]&  ARESRAT. AolA ARESE o= AP el
designdt model antimicrobial peptideQ] oAL14%, & 14719 ofnjxAto g -4
o] glon g-helix 22 Fats 9714 Fetol=olth,

¥ AT S sl o] =) AAko] obd gh o] M v g A
o® ozl /e FEol=E S W= AAEE TEShe Zlo] HHolvh
oAe] 7] Fetol=E Fe FAl k= g olA CNBro] ARE-%=d], CNBr
G o) A Metat 1 ol AFFE s ofn At AtolE AE= AleFo]
th ol gk AgE o] gste], Aatd FEro]|= Atolo] Met M Ae P W
= % ¥, CNBr AZlalr Zpz4e] fepol=s F2 gl & 5 Qlvh =g
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CNBr A& & 4% C-gdeel Sli= Met> homoserine lactone (HSL)CS. =
modificationo] dojydt} (1% 1). o]d Z-¢ C-terminal exopeptidasel] thet &+
a7t Ao FEfol =9 M-S =ol= &t Stk

2 Ao A ARESE W oA CNBr o] 712 fele]l=F shie] 74
AT FAle Cc-Ede] FAPES gRH & ¢ QA @k webx CNBr
cleavage site?]l Meto] AAtetiizl s fERO)=A G| mpx|Ehof glojo} &}
ol Hefo]l=F A sk dAlelA Meto] wRA|Ehe] Z3HE Elo] ==
BAE A=ttt 8ol o] At FHAo] AFg-3tolr] wjEe] AEOo = AL
52 X3t e A= vo] AR &5 WS o] &5ty dwAE F

233 W2 CNBr A2 2 314 24 FAsh: B0z B dfold Atg
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1]
R,

H o R, H o
N /\/ cnBr 2| N1 +H P /\/
/ —_— H 0 4
R. N R NH,
1 1} R/ OH <+ NH 1 I}
z n 0
H o
0
s
\

oH B
CH, CH,-S-CN Homoserin
+ lactone
Methionine

a3 1. Zleglo] =9} CNBr#9 HHg.
CNBr& A 23t Metd} 1 ¥ ofr|Ab Alo]e] sElo]= Aol Folx] 11, Met2

S-CHz7} "ol A u7bH A Mete C-Zw-S Homoserine lactone . 2 modification ¥ T}
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1. AP FTE

G WA A =5 (Oplegnathus fasciatus)®] WS Atk 1]

3 Adsl7] A7bA] -80C deep freezerol] X &3t

2. APuhy

2.1 AZxE ol it

2.1.1. DNA Oligonucleotides A&t

AT plasmidell ¥-S FEfol == AP A oA designd model antimicrobial
peptide?]  aALI4%] AlES  AFESFQITE oAL14S]  ofw|iAl A A2
AAWKLLKALAKAAL® F 14719] ofmjiitom A E o vt FA 4l
] cyanogen bromide (CNBr) cleavages ©|-&3A AA|s7] $3 14719 ofv]w
2b 9FZof Methionine(Met)S WolA & 157019 ol MES AME-3FSiTh
“12] 3 Sequence Manipulation Suite (http://www.bioinformatics.org/sms2/revtrans.htm
NS o] &l F 15709 ofm|matoz WA= F 450pe FAVIMLES AH

stk 18] ar 45bpAE ok Eofl 217 EcoR 1 (G/IAATTC), Xho1 (C/TCGAG)


file:///C:/Users/태관/AppData/Roaming/Microsoft/Word/(

°] enzyme cleavage siteE 24 raAL14-FE A &3t 73R A1 raAL14-RE
A 2rsksdtr. 18] 31 Met®] homoserine lactone (HSL)©. = modification 2 W 1
=49 Cc-Ee M-S AYstr] 1A raAL14 ofr] AR mhA] ERe] Met
S F718F roAL14-M-F¢} raAL14-M-RS A28tk 18la 2709 HElol=
7} 3be] multi-peptide® 23 ¥ ¥ CNBr cleavageS o] &84 2zt #2] 3
Al 7hsAE ot Y] 9f8ll, 2sete] raALl4 ofri=At A Afole] 57)¢] of
u] -4k (EADEM)S 5713t raAL14-EADEM-F2} raAL14-EADEM-R7}#] A 23}

[ez]
A

o

(19 2). ok AP Z 0ALI4E basicdt oln]inatEo] wWolx 27]9]
cAL14E St Edd A AxF dFe) 5402 AL 5 7] "ol
acidicdt o}r|:=4kel EADE®} CNBr cleavageS $I3F M ¥38sl= & 5719

ob e Ate 2709) aAL14 A Abole] Wl FGth E 19] Zzte] 7] A4

S UERiTh 2H2Ee] oligonucleotides™= PFAZ Al o =] 84 gHAd B T}
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¥ 1. Oligonucleotides A €g.

Oligonucleotides

Sequence(5’°—3’)

AATTCATGGC GGCCTGGAAA CTGCTGAAAG

roAL14—F CGTTGGCAAA GGCGGCCCTA TAAC

ALIAR GTACCGCCGG ACCTTTGACG ACTTTCGCAA
CCGTTTCCGC CGGGATATTG AGCT

AATTCATGGC GGCCTGGAAA CTGCTGAAAG

raAL14-M_F CGTTGGCAAA GGCGGCCCTA ATGGAAGCGG ATGAG
TAAC
GTACCGCCGG ACCTTTGACG ACTTTCGCAA
reAL14-M_R CCGTTTCCGE CGGGATTACC TTCGCCTACT

CATTGAGCT

roAL14- EADEM-F

AATTCATGGC GGCCTGGAAA CTGCTGAAAG
CGTTGGCAAA GGCGGCCCTA GAAGCGGATG AGATG
GCGGC CTGGAAACTG CTGAAAGCGT TGGCAAAGGC

GGCCCTATAAC

roaAL14-EADEM-R

GTACCGCCGG ACCTTTGACG ACTTTCGCAA

CCGTTTCCGC CGGGATCTTC GCCTACTCTA

CCGCCGGACC TTTGACGACT TTCGCAACCG
TTTCCGCCGG GATATTGAGC T
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raAL14 | ] , raAL14

roaAL14-M @ raAL14 ( M ’

raAL14-EADEM @ raAL14 EADE (m) raAL14

1% 2. raAL148} roAL14-M 183 reAL14-EADEME] olu| At A%,
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2.1.2. AZg Plasmid +=

>

Whae]  ARE-SE plasmid  vectore= A4 pET28a(+) vector ol
Thioredoxin A A= fusionA] 7 modificationdt pET28a(+)-TrxA vectors A&
ST (9). 1213l oligonucleotides®} ligation 3F7] $SA]  pET28a(+)-TrxA
vectori= enzyme EcoR I, Xho I & A 23} th (1 X FastCut Buffer 5ul, EcoR I 1ul,

Xho I 1ul, pET28a(+)-TrxA (871ng/ul) 5ul, sterilized water 38ul; 37 C 15min). Enzyme

2] % 1.5 agarose gel= #7]%-53}1. LaboPass Gel Extraction kit (Cosmo
genetech, Seoul, Korea)s AFE3A FZ3F5th 211904 TS 3set?
oligonucleotidesi= Z}Z} T4 Polynucleotide Kinase (enzynomics, Daejeon, Korea)E
o]-8-3l| 4 phosphorylationd}aZ, 5A]ell hybridizations} Sl th (10 X T4polynucleotide
kinase buffer 2ul, T4 polynucleotide kinase (10units/ul) 1ul, raAL14-F (100pmol) 1ul,
raAL14-R (100pmol) 1ul, sterilized water 15ul; 37°C 60min, 95C 5min, 85T 1sec,
85C—30C / 20min). “12]al hybridization$t oligonucleotides2} enzyme=] 2] gt
PET28a(+)-TrxA vectori= DNA Ligation kit<Mighty Mix> (Takara, Japan)S ©]-&-3l|
X1 ligationdt ¥ E.coli DH5a°l transformationd}S1th. Iceoll 4] E.coli DHS50 100ul®]]
ligationdt sample 8ulS Y1l 30min W3}tk 12|31 42°Cel A 30sec heat-
shockS 11, 2] iceoll 4] 30sec ¢tA 3} AlZ1 & LB medium 400ulE Y1l
37°C, 1hr culturestitt. 18]l kanamycines ¥ KLB agar plate (kanamycin
50ug/ml)ell ='Hsk - 37°C, overnight cultureskSith. Single colonyES THA] 5mi <]
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ALB medium (ampicillin 50 ug/ml)el 4] 37°C, 180rpm, overnight cultured}$ith. o]
% Exprep plasmid SV (Gene All, Seoul, Korea)S ©] €314 plasmidE % % n}
AZAle] sequencinge 2 E A AT (¥ 3). raAL14-M¥} roAL14-

EADEME= #& W ow Z3Paqitt
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EcoR I Forward oligonucleotides Xho I

5’-HO-AATTC-ATG- =~~~ -C-OH-3’
3HO-G- TAC-~"_ ~—__— -GAGCT-OH-5’

Reverse oligonucleotides

&

Phosphorylation
Hybridization

5-() -AATTC-ATG-="  ~__— -C-OH-3’
FHO-G-TAC-~"  ~~__—-GAGCT-(p) -5’

Ligation

Xho I
Mas EcoR 1 o]

. G  TCGAG
/_O{ e ]_L | ]' CTTAA C

[ | L ] 1 |
| 1 | 11 1
pET28a(+) fusion Multi cloning site

Recombinant protein
ET28a(+) + Trx A
\_ p (+) )

1% 3. Gene assembly & plasmid 3.
Forward oligonucleotides®} reverse oligonucleotidesi= phosphorylation} hybridization=-
S Ao 13t Ath 18] 3 enzyme (EcoR I, Xho 1)& *] 2] pET28a(+)-TrxA vectoro]]

ligationa ] plasmidZS -3}l o).
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2.1.3. Ax3 Gad vy

T4 plasmidE E.coli BL21 (DE3)cello]l transformation$dt % kanamycin®] &
o] 7+ KLB agar plate (kanamycin 50ug/ml)ell =234 37°C, overnight cultures}$3
t}. Single colonyE TtHA] 5mle] KLB medium (kanamycin 50ug/ml)ell A< 37T,
180rpm, 4hr culture ¥ 500ml¢] KLB medium (kanamycin 50ug/ml)el scale-up3ail 4|
optical density (OD%) & 333 =7 (Vitek Colorimeter #52-1210, Hach, USA) = =
st Zto] 0.6~0.7 2 uwW7kx] 37°C, 180rpmell A °F 3hr cultures}$ith 18 11

IPTGE ImME %7} X5 ¥ il 37T, 180rpm, 4hr cultured} %1 T, Bacterial cell-

4 F-2] (8309, 40min, 4°C; VS-21SMT, Vision, Daejeon, Korea)3l 4] 3]t}

2.1.4 Cell lysis & Ni-NTA &)

Bacterial cell-= 1 X phosphatate buffer saline (PBS, pH 7.4)= washing3}1t}. 1 X
PBS 10ml¢] PMSF= 1ImM3& == Y11 Sonifier 250 (Branson Ultrasons, Annemasse,
France)E ©]-8-3ll 4] 40%amplitude, 20sec, 33] sonications}$ith. ThA| A H-E]
(3735, 40min, 4C)a)A AF=1S Ath 1 pelletS 10ml¢] 1 X PBS (5mM imid
azole, 8M UREA)% suspensionst$itt, 1213l thA] 42 (3735g, 40min, 25T)
sto] AT Ane B3kt S el Ni-NTA agarose (Qiagen, Hilden, Germany)
S Y1 25CeA 20mintt ¥F-§- 3 3 polypropylene columnel 1 X PBS (500mM

imidazole, SM UREA)Z &3 A A A His6-tagged T2 A #|35lAt} (10, 11).
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2.1.5. Dialysis & CNBr &

A3t His6-tagged )25 Standard Regenerated Cellulose (RC) Membrane:
Dry Spectra/Por® 1-5 Dialysis Tubing & Trial Kits= ©] &34 5L2] 5% AcOH 4|
overnight sto] FA8 & ARSIt TAAZ3 samples 2mle] 50%
formic acid® 59 %, CNBr& 10mg/mlZ 2] 3lal 8hrs<qF 4HiH-S-3F3dth

(12-14). HH-$ 5 20ml9] distilled water(D.W.) S Yol+ ¥ HAAZ3 %tk

2.1.6. HPLC AA|

FAAZE sample2 2ml2] 50% formic acide]l <1 ¥ reverse phage high
performance liquid chromatograph (RP-HPCL) (Capcellpak C18, 5um, 4.6 x 250 mm;
Shisheido Co., Tokyo, Japan)& ©|&3l|A FAskA T =712 0.1% TFA7} 503t
LC water(A£H), 0.1% TFA7} 517t acetonitrile (B&- )& A3l 12, BE =
20%= 8min =51, 40mins <t 20—60%= 1.0ml/min 5= Sex A A

shlut.

2.2. B}

A

%

i

raAL149} raAL14-M 123 raAL14-EADEM 2228 R A sty 22

i)
>,
o>

o]l 1= Ultra-High Resolution Q-TOF LC MS/MS system (maXis-HD, Bruker,
Germany) = =7 s} t}
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2.3. Carboxypeptidase Y ]

raAL14 (-OH type)2} raAL14-M (-HSL type)©] Z+7} 10ug= RP-HPLCE ©]&
A FFstdor, 10ule] 1 X PBSel =<l ¥ 1ul®] Carboxypeptidase Y
(S.cerevisiae, C3888; SIGMA, St. Louis, MO, USA) (0.25ug/ul)E Z}Z} @ojA] 35T

o] A 2hr&<et Hk--3}

32

R HEL L

24. ¥H4EA =4

A St raAL14 (-OH type) 2} raAL14-M (-HSL type) “12] 3L carboxypeptidase Y
=2 A& roAL14 (-OH type)$t roAL14-M (-HSL type)d 3&dAS
ultrasensitive radial diffusion assay (URDA)S Alg3le] 4 3FIth (15). AFE-3H
I+ Bacillus subtilis KCTC 1021& AF&-3F3ltt. 4 tryptic soy broth (TSB)
mediumoll A #F5 37Ceol| overnight® = pre-cultured}$1th. Pre-culturedt
i B] A A (biomerieux, Lyon, France)E ©]&34 10mM PB (pH 6.6)= ~10°
CFU/mI 34 &ttt 343 +3F 0.5mlS 9.5ml] underlay gel (10mM PB (pH
6.6), 0.03% TSB, 1% agarose)°ll Y T} Underlay gel-> square petri dishefl 11,
sample loading 3171 a4 ok 25mm A2 wellS WHEATh Welle] F7
+ 1mm ©]3l, 5ul®] 0.01% AcOHZE 521 sample loadings}$lth. Loading$t
sample2 1000—3.9ug/ml7bA] 2vj# =214 o 7 343t} Loading ¥ 25T,

3hr F <l overlay gel (10mM PB(pH 6.6), 6% TSB, 1% agarose)= -1t} 37C ol A]
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overnight culture st ¥ clear zones 7 3F3AT Clear zone® # 73> units
(0.1mm = 1U)E %d sttt &4 s FEfo] =2] Minimal effective concentration
(MEC, ug/ml)<> X-intercept of a plot of units against the logio of the peptide
concentration (16)°.= AlAtastth &4 54 A 33 whE Wyeiqia, 4

shi= Pgkom Aelsran

Z=9 W (10g)°] 30mle] 5% AcOHE 37} 3 ¥ homogenizer (IKA® T10

basic ULTRA-TURRAX, USA)Z xAS A FHsiitt. 28l d4we

i1}

(13,000 g, 20min; \VS-21SMT, Vision, Daejeon, Korea) S 3lo] Ao #a] 3t

SERET

2.5.1. CNBr g

N
o

EAAZE 22 gFe FEE5S 2mle) 50% formic acid® <21 3 CNBr
10mg/mlZ & &tar 8hriEst oFuk-3-S 3kt vk F uk$-on o] 10u) volume
o] distilled water (DW)E 91 EA7AZEAT. o] AdW 23 2 249

TS WA S = carboxypeptidase YE A e ¥ FAEAH S SASIT
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2.5.2. Enzyme *] &

=5 WA FEE2 Trypsin (from bovine pancreas TPCK

A

CNBr& A2 &h
treated, T1426; SIGMA, St. Louis, MO, USA), a-chymotrypsin (TLCK treated from
bovine pancreas, C3142; SIGMA, St. Louis, MO, USA), “12] 3. pronase (Roche,
Switzerland) &} Z}z} WH-S-AlFTE CNBre 23t 5% Wd 552 650ngS

AL TE. Trypsind} chymotrypsin 30°C el 4] 1hr “12]3l pronases= 42C | A

20min ¥HSAIFTE G 5S4 AU 249 FAsA SHsHA
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1L Az Aeel= 2y 3 AA

raAL14 (-OH type), roAL14-M (-HSL type) “12]3l raAL14-EADEM (raAL14-
EADEM-HSL type¥} roAL14-OH type)= A= A3 S 3FAATh 4 Genex
assemblysFIth (2% 3). ©]F pET28a(+)-TrxA vectorell Al A =%
plasmidE 5 3 ¥, E.coli BL21 (DE3)cell (Novagen, Madison, WI, USA)¢]
transformationd} ¢t} 22] 31 E.coli BL21 (DE3)cellS IPTG @ afA] 3utal S
sttt HHE Hise-tagged WA S Ni beadE ©]&-alA Attt 1
2]31 CNBr= *] 2]t ¥ RP-HPCL (Capcellpak C18, 5um, 4.6 x 250 mm; Shisheido
Co., Tokyo, Japan)= ©] &84 AAstAdtt. =1L 0.1% TFAZ} 597+ LC water
(AEH), 0.1% TFAZ} So]3t acetonitrile (B2 7)S AFE-3}31 a1, BEHS 8min%t
20%= =¥ 1, 40min 7 20-60%= 1.0ml/min 5= SH A FASHAT
433k gAL14 (-NH; type)peaki= 26.5mino] €FHH 1 (I1H 4), o5 EUY=
raAL14 (-OH type) S = o5 &= peaks <F 24minell (Z1¥ 5), raAL14-M (-HSL
type) O & o ¥ = peaki= °F 27mino A &E =3t (Z¥ 6). raAL14-EADEM
o 4] raAL14-EADEM (-HSL type)©. & A5 peaks 26mincll, 181l

raAL14 (-OH type) 0. 2 oj 45 = peak: 24minol €Z = Aot (23 7).
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=

a9 2004 dEbfRo] AxF wAow kst 3708 HElolEE RS
kst 4719] HEpolt EAFS 54 ¢ A, reALl4 (-OH type)i A
1467.9090Da [M+H]*, raAL14-M (-HSL type)® At 1550.9429Da [M+H]* i th
(7% 8). 18] raAL14-EADEMEFE 2] Ak raAL14-EADEM (-HSL type)
Fx}eke 1995.0818 Da [M+H]*©] i roAL14 (-OH type) #2}=F2 1466.9224 Da
[M+H]*Sth (2% 9) [raAL14 (-OH type): 1467.9090Da [M+H]*%} raAL14 (-OH
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