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A Novel Screening Strategy for Salt-resistant Alpha-helical Antimicrobial Peptides from a Phage Dis-
play Library. Park, Ju Hee, Ok Kyung Han, Baek Rak Lee', and Jeong Hyun Kim*. Indang Institute of
Molecular Biology, Inje University, Seoul 100-032, Korea, 'School of Biotechnology and Biomedical Science, Inje
University, Gimhae 621-749, Korea - A novel screening strategy for salt-resistant antimicrobial peptides from a
M13 peptide library was developed. Fusion of MSI-344, a magainin derivative and indolicidin to pIII coat
proteins did not significantly affect viability of the recombinant phages, which indicated that the plII could
neutralize toxicity of the antimicrobial peptides and therefore it is possible to construct antimicrobial peptide
library in Escherichia coli. On the basis of the conserved sequence of a-helical antimicrobial peptides, a semi-
combinatorial peptide library was constructed in which the peptides were displayed by plIl. To remove
hemolytic activity from the library, the phages bound to red blood cells were removed, and the subtracted
phage library was screened for binding to target bacteria Pseudomonas aeruginosa and Staphylococcus aureus
under high salt concentrations. The screened peptides showed relatively low antimicrobial activity against the
target bacteria. However, antimicrobial activities of the screened peptides P06 and S18 were not affected by
the cation concentrations of 150 mM Na*, 2 mM Mg** and 2 mM Ca** without significant hemolytic activity.
This screening strategy that is based on binding capacity to target cells provides new potential to develop salt-
tolerant antimicrobial peptides.
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E. coli ER2738> NEB(USA)elM, P aeruginosa
(ATCC15442)%} S. aureus(ATCC6538) 3H=- u| & =
A} (KCCMPI M E<F BRIt} E. coli= Luria-Bertani(LB)
W], P aeruginosa®} S. aureus’™= Muller Hinton broth
(DIFCO, USA) 3= TSA #) 2] (Sigma, USA)S o] 43}
37°CAA Zl' wheksisict.

39 3L, oligonucleotidel Genotech(Korea), %) E}o] ==
A&PEP(Korea)el M A 2tsl9i v}, DNA & 9 A=
Qiagen(USA), A &4 % 7]E} A= NEB(USA), Tug
DNA polymerase:= Promega(USA)l 4] %18} =}, PCR
AL A2 £2F 271 ©]438193, 7]E} DNA 2%
< Sambrook S12]¢] WS o] &3)ic).

MSI-3442} indolicidin0] M13 GOl 88 M13 M=

MSI-344 ANz -3 2 2 FAMSI[8], primer® MSLF
9} MSI-R(Table 1)2 o]-&3}e] PCR 231933, indolici-
din -2+ indo-F$} indo-R(Table 1) annealing}-3
Klenow 84-F o] 8-3le] A8l th F DNA: Eqgla}
Acc65I2. Aehsle], FU FA42 Aok MI13KE(NEBp)| &
£33}, M13-MSI2F M13-indoZ 712} | 2351},

2lojer{g| M=

Library primer(Table 1) 5 pg¥} extension primer(Table
1) 17 uge annealingdt ¥ Klenow EAE o] £33
dsDNAS @431t} o] DNAE Eagl#} Acc65IE. Auksled
Y 542 Ay MI3KESY ligatondledth o] 2 1,800
volt, 201 Qell A electroporation(EasyJetPlus, Equibio)d}e]
E. coli ER2738¢]| transfection*] Zt}. 2ke] B.22) 2] hetero-
geneity= 7292 AEE 15 plaque® 25E] J-& DNAY
71N AAse] s, BolueT size: 8x107

Table 1. Oligonucleotides used in this study.
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sigieh.

2I8E A (Protoplast) M=

P. aeruginosa®} S. aureusS TSA wjA] el X 37°C, 124
7bE ekt -, QAR AlTE sEsid Al
£% 5 ml SMM buffer(0.5 M Sucrose, 20 mM MgCl,,
20 mM Maleate buffer(pH 6.5))°] &3}, lysozyme 1
mg$ H7Fste] 37°C, 304 T wHE3E &, 4°C, 5,000
rpm, 5 3 5F YAFIEled AFAAE At ©]F PBS
buffer(137 mM NaCl, 2.7 mM KCl, 10 mM Na,HPO,,
1.76 mM KH,PO)E 13] M3 F oA PBSe| #gs}
%e.

glo[=22|e] g

Al Felg- 4°C, 2,000 rpm, 5% E<F YA EE)sld A
g =& R8sk, PBS buffer® 33 A 338 3 PBS
bufferel]l 1x10° cell/mle] H=Z eksiglet. Aol sjo}
A 10" pfug A7lsla dgolM 108 FHA7 F, 4°C,
2,000 rpm, 5 81t WAEEEe] AAEAS Fsid A
Toll F&HA 42 FdolAF FEFA)Z] F, B buffer(150
mM NaCl, 10 mM MgCl,, 2.7 mM KCL 10 mM Na,HPO,,
1.76 mM KH,POy4, 0.1% Tween20, 500 mM Sucrose, 0.01
mM EGTAX! 10 pfumle] H =S 3]43l5ic}. o] Tlolx)
Hefo [ miol|l P aeruginosa®}t S. aureus QA 7} 242t
107 cello] H=F Y1, Aol 1087 F347) ¥, B
buffer? 33| AlA3sch 34E AHES 05 M MgCLo)
¥3H B bufferct] HEBIL, d2ollM SEZE w8 ¥ 4°C,
5,000 rpm, 5% F<F YAEE3N S-S F3igd 35
3 F}olAE 20% PEG/2.5 M NaClZ AAAA s=31a
o} 35E oA E oA FFEN, oA Al 2 3
A& uHEsisi). shEl slolx|= thAto] infection A7
¥ genomes AAIF}e] DNA 97 1M9& AAsdc).

MIC &4
MIC= broth microdilution W [4]S ©] &3}l P

Name Sequence
MSI-F 5’CTGCCCGGGTACCTTTCTATTCTCACTCTGGGATCGGCAAATTCCTG
MSI-R 5S’GCGCGAATTCGGCCGACTTTTTCAGGATTTTAAC
indo-F 5’CGCGAATTCGGTACCTTTCTATTCTCACTCTATTCTGCCGTGGAAATGGCCGTGGTGGCC
indo-R 5’CGCGAATTCCGGCCGAGCGGCGCCACGGCCACCACGGCCATTTCCACGGCAGA
library 5’CATGTTTCGGCCGAMMHMMHWYBWYBTVYWMVCYKWMVMMHKY YKY YMMHCMMAGAGT-
GAGAATAGAAAGGTACCCGGG
extension 5’CATGCCCGGGTACCTTTCTATTCTC

1) The restriction enzyme sites incorporated in the oligonucleotides were underlined

2) Symbols of bases in the oligonucleotides is corresponding to IUPAC.
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aeruginosa®} S. aureusE 3 mle] Muller Hinton broth
(MHBYI| AE3L, 37°CellA oF 12A17F B1F wiokst &, u)
oFel 10 ul(2x10° cfu/ml)%} serial dilutiond E}o] = 90
Ui E318131, 96 well platedl|l A, 37°CA 124)7F E<F W)
o3t %, 600 nmoll Al F% =(SpectraMax250, Molecular
Devicesys 431 7 Alae] AR ARE 2A)slgH o
o] ZAE e MIC 42 A8 150 mM NaCl, 2
mM MgCly, 2 mM CaClL,S A7}8}ic}.
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o}A]9] titer oFAYEH Zhopx| e} T Al 7} el ThFig. 1).
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Ao M= BAAAQ ghelAlE AAE 4= 9l2m, MSI-344
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o] Az7} 7hsslehe As AAEIIH.
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Fig. 1. Viability of M13 containing pIII fused with MSI-344
and indolicidin. E. coli ER2738 cells were transfected with the
same amount of DNA (10 ng) of M13KE, M13-MSI and M13-
indo.
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A¥ o-helical -t MEelo] 2= Al Eqte)] 2R83H= Ao
2 454 gloHi16). ulebr] HEze) AFsakEses et
=2 gsl] sls) AAF AlEe] NEHE AR 3
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CAAQ7511  : —————mmmme ] IGAAILSAGKS JIKGLANGLAEHF~— —————— : 25
P39080 T —— SNVIGYLKKLGTGALNAVLKQ-——-————— : 24
CAB61442 T LLDSLKGFAATAGKGVLQSLLSTASCKLAKTIC : 33
CAA54843 @ ——— o] GLLDS IKGMAISAGKGALONLLKVASCKLDKTC : 33
CABR61445 R e —— ILDTLKNLAISAAKGAAQGLVNKASCKLSGQC : 33
P40841 L GIFDKLKNFAKGVAQSLLNKASCKLSGQC-——~ : 29
CAA54844 ! GIFSKLGRKKIKNLLISGLKNVGKEVIGMDVVRTGIDIAGCKIKGEC : 46
P25230 ! —-GLRKRLRKFRNKIKEKLKKIGQKIQGLLPKLAPRTDY-———~—~ : 37
NP 004336 : --LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES-——————- : 37
AAA31070 PR — GRFRRLRKKTRKRLKKIGKVIKWIPPIVGSIPLGCG————— : 36
P83248 ! GKFSV--FGKILR]S IAKVFKGVGKVRKQFKTASDLDKNQ-——— -~ : 37
BAOT74637 : GKIPIGATKKAGKAIGKGLRAVNIAITAHDVYTFFKPKKRH-~~—~ : 41
P14661 : -SWLSKTAKKLENSAKKRISEGIATATQGGPR-—————————— ==~ : 31
ARQO4687 ! ~GFFKKAWRKVKHAGRRVILDTAKGVERHYVNNWLNRYR-——————— : 37
ARQ04688 ! ~GWFKKAWRKVKNRAGRRVLKGVGIHYGVGLI - —~——————————— : 30
P14665 ! ——--WNPFKELERRGQRVRDAVI SAAPAVATVGOARATARG-——~~ : 37
AAD29438 ! ——-RWKIFKKIEKVGONIRDGIVKAQPAVAVVGQAATT ~——————— : 35
CAR29872 : ———-WNPFKELEKVGQRVRDAVI SAGQP-————————— e : 23
AAK81850  : -GGLKKLGKKLEGVGKRVFKASEKAI|PVAVGIKALG-————————— : 35
AAB82493  : -GWLRKIGKKIERVGQHTRDATIQVIGIAQQAANVAATAR-———m—- : 39
JC7573 : ——TIKVPLKKFKSMREVMRDHGI KAPVVDPATKY~——————————~ : 32
CAB75949  : ~-SIGSALKKALPVAKKIGKIALPIAKAALP-———=—m———————c : 29
AAQ16625 : ——GWGSFFKKAAHVGKHVGKAALTHYI - ——————— = - : 25
P82415 ! - —GWKDWLKKGKEWLKAKGPGIVKAALOAATQ- -~ —m e — : 30
P82417 : ——DFKDWMKTAGEWLKKKGPGILKAAMAAAT —— ————————————— : 29
P61508 1 ———KIKWFKTMKS|IAKFIAKE QMKKHLGGE~~— —= === —— == ——m — : 27
P11006 : ——GIGKFLHSAKKFGKAFVGE IMNS -~ ——===—m—mmmm e : 23
AR062960  : ~GLLSVLGSVAKHVIPHVVPVIAEKI|-———————————mm e : 25
ARO62954 : —GLFSVLGAVAKHVLPHVVPVIAEKA-———mmmm—mmm e e — o m : 24
CAC42164 : —-GIGAILKVLSTGLPALISWIKRKRQE ——————————————— = : 26
P83240 : —~FWGALAKGALKLIPSLEFSSFSKK -~ ————mmmm—mmmmm—— e — : 24
p82427 1 ——~FWGALIKGAAKLIPSVVGLEKKK - — = = o oo e e — : 24
P82423 ! —-WLGSALKIGAKLLPSVVGLFKKKKQ-~———=—==mmmm—m——m— : 25
P82425 : -GIWGTLAKIGIKAVPRVISMLKKKKQ-~—=—===—mmm==—————— : 26
P62571 : ~GLVSSIGRALGHLLADVVKSKGQPA-———-—=mm—mmmmmmmm— : 25
P81847 ! -GLIGSIGKALGGELLVDVLKPKLQANS-———=—mmm—mmm mmm e : 26
CAA31764 ! —GWASKIGQTLGKIAKVGLOGIMQOPK-————————m—mm e e : 25
P82038 ! -GLAGAISSALDKLKQSQLIKNYAKKLGYPR-——————————m e : 30
P62563 ! —~GLWQKIKDKASHLVSGIVEGVK-——-————mmmm e : 22
P56244 ! ~GLWQKIKSAAGDILASGIVEGIKS-—---—————— e : 23
ARK63254 ¢ ——ILGPVISTIGHVLGGLLKNL - ———f-=—mmmm m e : 20
018494 : —GXFGKAFXSVSNFAKKHKTA~ - ———-———— e : 20
CAA71424 P omm——— VEQFLGKI IHHVGNEVHGFSHVF - =~ ——— = ——mm e : 23
AAL57318 T FFHHIFRGIVHVGKT IHRIVTG-——————=——————————— s 22
P83188 : —--GLNTLKKVFQGLHEAIKLINNHVQ--—————————m—mm———— : 24
NP 000191 : —--—- DSHAKRHHGYKRKFHEKHHSHRGY -~ ————————————=——— : 24
CAA51080  : -AMWKDVLKKIGTIVALHAGKAALGAVADTISQ- ————==m=————— : 31
CAD92230  : -ALWKDILKNVGKRAGKAVLNTVTDMVNQ-~——~——=m= = oo —em : 28
CAC29431 : —ALWKDILKNAGKAALNEINQLVNQ----—————————mmmm— : 24
P83642 ! ~GLWNKIKEAAKSAGKAALGFVNEMV-———————————m e - : 25

Fig. 2. Multiple sequence alignment of linear c~helical antimicrobial peptides. The box on the alignment denotes the conserved region
used for the antimicrobial peptide library design. The conserved region was chosen by aligning 77 o~helical antimicrobial peptides, 50

sequences of which were shown due to space limitation. GenBank accession numbers and the lengths of the peptides are indicated at the
left and at the right of the alignment, respectively.
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Table 2. Amino acid residue distribution in the conserved region of antimicrobial peptides.

Position 1 2 3 4 5 6 7 8 9 10 11 12 13
Conserved

residues WGLL WELL GKS KD LWVLF GEKWL KR KEV LVAG KGH HKG VAF AILGLV
Primer kkg dkk mm  Irm dkk bks mrg  bks rba VIS VIS dkk dkk
sequence

Table 3. Amino acid sequences of the screened peptides.

Target Peptide Amino acid sequence pI % Hydrophobic amino acids

P06 WIDGGGKLTGKFG 8.6 31

P. aeruginosa P11 WGSNGVKVTRHLI 11.0 38
P27 VVNNVRQLIKSMG 11.0 38

502 VIEKVVKLVGDVR 8.6 54

S. aureus S17 GFESGLRLTGKFL 8.8 38

S18 VSNEGLQRIRHMS 9.6 23

4 Qe 3t SElo| =) e S A E3lgin) g wE delo]| =y} vy 2 256~5122] MIC 3

o9} 72 negative selectiond} positive selectionS %‘H
2 glolx] F 7} dAF MlFeERE 7 50004 1
7Nl F}e}A] genomes F-E3lo], DNA 7M1 ES& _‘,__/\_4,{}
A3}, P aeruginosaZHE 65, S. aureus=HE 7522 e}
o= &5 T  Usleh wE 1359 =
Bl =5 Tl A, o-helixE AT 4 At Helol=8 A
W38}, pl 3k} hydrophobic oFa]xAte] XR|3l= %S 7]
FOZ 3l P aeruginosaZHE 3£, S. aureusTHE 3%
2] Aete| =S 3ebH o2 PA3IHTH(Table 3).

ElMZ| HIElO|=EQ 247}
F9 Aelo| =59 7 A7kE Frlep) 918, 7 o)
& Al A MICE A3 9ol e 24 l Me

P. aeruginosa

= without salt
mm with salt

500 T

400+

300+

MIC (ug/ml)

200 1

100 4

MSI P06 P11
344

P27 802 S17 S18

B vhFig. 3). AT ¥ ¢ FE(150 mM NaCl, 2
mM MgCl, 2 mM CaCly) Z7el|A, S02, S18% P
aeruginosa®l o3 MSI-344¢} v] 523k MIC 7S B3,
P06, P11, P27, S179] 7% =2 4 = A A MSI-
3445} P aeruginosa®l W& MIC Ztel wokem, Agst
A =l o3 st I} deks v dsdhFg. 3). vt
o, S, aureus?l] HE MIC 7%, P06} S18& A|9)3t =&
Hefo] == MSI-344¢9} Zo] Gell o3 s g7} 33
wkoret. vk, P06$} S18%= P aeruginosa, S. aureus B
of sigk MIC7} ol oJafl 5k A dsket. MSI-3449)
5, Hejo| = F=rt Sl vt 48 o) =3 $t
3 H&té, A E selo] =52 1,024 pg/mld] FEAIME £
g Aq7}E 7o) RolA] ATh(Fig. 4).

S.aureus

500 ¢
400 F
300
200

100 F

P27 S02 S17 S18

MSI P06 P11
344

Fig. 3. Effect of salt on MICs of the screened peptides against P. aeruginosa and S. aureus. MICs were determined by the broth
microdilution method in MH medium without and with salt (150 mM NaCl, 2 mM MgCl,, 2 mM CaCl,). The asterisks indicate MICs over

512 pg/ml.
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Fig. 4. Hemolytic activity of the screened peptides. The
hemolytic activities of the peptides were determined using
human red blood cells (RBC). Serial dilutions of the peptides
were incubated with RBC at 37°C for 30 min in PBS buffer.
Hemoglobin release was monitored using by measuring the absor-
bance at 414 nm.
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Sete] =) w5 RokAut, dell o Grbrt AsEE &
79"’— e ‘*‘35}01‘:9} T Al F HEpo| =9 o] M=

g 7P ARt B a3 ele]=
E}"]Eﬂﬂ% AR} 23] coding® 23 ghe)ralg]e] A
27} 7hs e AR 754 librarys Hejo] = 2ho]
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T Seto] o] om] WAle] Sli= Mgt Zbo] 71 & A
22 ZY=e
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magainin -F-XQ] MSI-3449} indolicidin®} §32 Arejel]

SCREENING OF SALT-RESISTANT ANTIMICROBIAL PEPTIDES 283

A Tho}x| 9] viabilityell *JFE FA] = AR Hol,
MSI-344¢} indolicidin®] Aol g 548 348 5
U AR IhdEH, mepr] el A St Hefel = e
olBEe]e] A7} 7l FHslIsich AY - Selo)
o] BEX FHE vEe R, 13719 olu|xAl AR
A% semi-combinatorial 3 e}l = glo] BT E M3
= o]83le] AlZ3leh. Az Shelx] eoju el A
Aol FHAA, B2 48 I7E 7 7B ol 9l
gotA & AAL F, > o FXolA Pseudomonas
aeruginosa$} Staphylococcus aureusdl F3E 4= Q)= lo}

A5 BAslet. gEl Hefo] =52 Aol gle 2AA
A w2 st 97HE ¥9Aqk, P06s} S18 HEefo]|=
o A AA ¥ F=EY 2 150 mM Na*, 2 mM
Mg?, 2 mM Ca*9] ZANME 3 G717} 43S W=
Akom, AZet 48 Ay} w3k Ho|x] et B A
A kst thAF Al T3l 28 o] 23} ehalubio
salt-tolerant antimicrobial peptide®] 7|e] 24 715AS
A| A&k et

INERE

o] =2 200485 kRl A Te] A SAd A%
At Xl 2J3led A7 95 (KRF-2004-C00167).
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