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Recombinant Production and Antimicrobial Activity of an Antimicrobial Model
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Uu-ilys, an i-type lysozyme from spoon worm (Urechis unicinctus), is an innate immune factor that
plays an important role in the defense against pathogens. It also possesses non-enzymatic antibacterial
activity. Thus, there is a possibility to develop an antimicrobial model peptide from Uu-ilys. In this
study, we report the design, production, and antibacterial activity of an Uu-ilys analog that exhibits
antibacterial activity. The Uu-ilys structure was fragmented according to its secondary structures to
predict the regions with antimicrobial activity using antimicrobial peptide (AMP) prediction tools
from different AMP databases. A peptide containing the C-terminal fragment was predicted to exert
antimicrobial activity. The chosen fragment was designated as an Uu-ilys analog containing the C-ter-
minal fragment, Uu- ilys-CF. To examine the possibility of developing an AMP using the sequence
of Uu-ilys-CF, recombinant fusion protein (TrxA-Uu-ilys-CF) was produced in an expression system
that was heterologous. The produced fusion protein was cleaved after methionine leaving Uu-ilys-CF
free from the fusion protein. This was then isolated through high performance liquid chromatography
and reverse phase column, CapCell-Pak C18. The antibacterial activity of Uu-ilys-CF against different
microbial strains (four gram-positive, six gram-negative, and one fungal strain) were assessed through
the ultrasensitive radial diffusion assay (URDA). Among the bacterial strains tested, Salmonella enterica
was the most susceptible. While the fungal strain tested was not susceptible to Uu-ilys-CF, broad spec-

trum antibacterial activity was observed.
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St TH17]. Uu-ilyse 1% S 73 FAw o deiA @
24 veEhiH, 122709 ofrito s FAE Stk o] =
A& F 135 kDadll s ste 2AFE AUH FA 9 16709
AN ZEQ 715 7HA I Q7] Wil AdE HYS 2E F
B2 A4kstr] 7 Af o B9, Unilyse JEES L S

ooiodl‘io?l,:r
Mol oo 8

r°i'

BG38e 44 84 9ox vasrd 7 AL AT
At o3 AAE5E EE B3-S v, Unilys2 78 @t
e Ad FEAE NLEE 5 e 7hsAel Joa 2d
Ho{dth wrebA, & 78 T8k Uundlysdl A frefd &
< M e FEAE gAds L Az @9d Ves
Foto] A |, ol EFol hE Fd BAE A st
Clas

Net & Tz
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TrxA ¥lE| o] $Z 8 A E< BamH 13} Xho [ A1 £ Ate]
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sensitive radial diffusion assay (URDA)Y & &3t 543t
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g% Hdwst 74 a% S48, 22 R At s
At A8 FFE v 2 B. subtilis, Staphylo-
coccus aureus RN4220, Micrococcus luteus KCTC1071, Salmo-
nella enterica ATCC13311, E.coli ML35, E.coli D31, Shigella son-
nei KCTC2009, Shigella flexneri KCTC2517, Streptococcus iniae
FP5228, Vibrio anguillarum KCTC2711, Edwardsiella tarda
NUF251, Candida albicans KCTC7965. A tryptic soy broth
(TSB) 3 mloll & 16AI%F &< AT 2E25C Ex

7C) A Mg £, 0.03% TSB7F £3HE 10 mM phosphate
buffer (PB, pH 6.57)% A48t 79 %7} 10° CFU/ml7}
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TA 0 9o (Fig. 1A), CZTe] 140-160 7] ¢l sl Fste=
Mg A a-helixE YER ATHFig. 1B). a-helix T2F 3}
£ Uudlys-CFe 2170 9] ofr]iibo 2 FAF o] gon 47]9]
@718 obv|wAkst 27) ¢ AHA ofw ke 4kE ZFA 3L QlTh APD
dlolEfwo] 2ol A ZAHgH Aito] o3t Uu-ilys-CF= 42%9]
FHEE AYIL, net charge7} +2019, 47]9] 244 77
2e FHo EAgt] YAy 725 AT o SHSY
o B3 o] f=A= CAMP dlolEulo] 29| &4 3 Eelo
E 7bsd 2AIA 07309 E& HFE AU o)y A
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Fig. 1. The amino acid sequence of Uu-ilys-CF. (A) The full
amino acid sequence of the mature Uu-ilys (i-type lyso-
zyme from U.unicinctus). The sequence of the analog is
indicated in bold. (B) The amino acid sequence and the
secondary structure of Uu-ilys-CF. The underlined letters
are positively charged residues while italicized letters are
negatively charged residues. Hydrophobic residues are
in gray letters. The secondary structure showing the lo-
cation of a-helix, which starts with Leu’ and ends with
Phew, is drawn below the amino acid sequence.
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£33 FEAQ Un-ilys-CFe] E4(42%9] AT =9} +29
net charge, 121 21709 Z7]4)& Hlwdgls W, Uu-
ilys-CF= @44 el =7 AY+ A4 F3e e 722
e

Uu-ilys-CFel T 0IZ

Uu-ilys-CF9| helical wheel projections 53 oFr] x4t
7] ke MEE S E AR, Undilys-CFe 5719 &
obu) 4k Z7] (Le?, Tyr', Trp’, Val’, Phe')7} 2 ko]
s o] ola, e well 79 A B A714 ofr| it
71(34: Gld’, Asp™; A714: Arg/, Lys'™) 8 7HA & A3 4
FuA T25 Yeh A th(Fig. 2A). = PEPFOLD 3
€3t Uu-ilys-CF9] 29 293D model)S WY ATk
(Fig. 2B). 2283 Aol @29 Uu-ilys-CF2 28 A 27]2l
Leui¥ 1744 77]1< PheZt A7} a-helix F2E ©|F1 §
o, npAg R g2 2d Fx7F SAL 0.

My
_rzrgrzi_%:oirzi

Uu-ilys-CFQ| THXgt EHHA E2tAD|E 715 & &el

Uu-ilys-CFe] A 23 9l d Sepanee AP A 2
AH oz gAE pET-28a-TrxA Eet2H Eol| Uu-lys-CF
of FEULHE AEE B9A TFFsATh 759 Sk

Fig. 2. Helical wheel projection and 3-dimentional model of Uu-
ilys-CF. (A) Helical wheel projection of the analog. Resi-
dues in octagon are positively charged while residues
in rhombus are negatively charged. Residues in square
indicate hydrophobic residues. (B) The 3D model of the
analog. The first and the last residues are indicated with
letters and numbers (P1 and C21). The start and the end
residues of the a-helix are indicated (L2 and F17).

T& His 7] 6/l 2 74 ¥ Histags 7FA 1 121, Throm-
bin A® F¢|, Thioredoxin A (TrxA), Met #7], 18] 3 Uu-
ilys-CFZ o] Fo]x 9lth(Fig. 3A). His-tage 84 HA
(Affinity purification)E ¢]3te] EA3tH, TrxAs &8 #5
dA F4 5420l ¢ Z 2HHES AAHAY. EF Met
71 HESFAL A2 FEAE TAZTH 228 54
S 2 AREEAY. ek BESAGE AP E &Y 753 =
gham =] EA3HE Met 2719} Uu-ilys-CFHe A H5}7]
ol AZg F4 A2 RE Unilys-CF7F Bo1A U7t
A dg 1 Az E,uﬁ 22 & FEA Pro'RH Cys'7HA
F 210 oprliat 712 o] R0l JEtol =R EASHH, F
A @A 4 EA3Y His-tag, thrombin AT 9], TrxA,
1223 Metd7le A d 93-S 7134 Fe=o. TrxA-Uu-
ilys-CF#4 @ d 9] #3d-e 05 mM IPTGE A 2l sho] 37
CAA 627 T JYH AT IPTGH 2 A &S &9
Add #FE st A3 H S v & B
(soluble and insoluble proteins)® U] sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)E
AN 3 A3, IPTGH el E 9 vl &eld Sl delA g
o] doj%tth(Fig. 3B, lane 3). o] ¥l &34 TS A3}

&F AREste] 7hEAd 3 st 1d v, Ml A B
oA i FAGMAT Besty] 9fste] s A
£ 3ATh(Fig. 30).

T 4 @9 dLe BEEA%e) AYE TrxAs Uu-
ilys-CF& 293¢ om, HPLCS 94 29 AHgste &8
= Ath(Fig. 4A). 1 F &2]9 Uu-ilys-CF DTTA 2o 94l

A Met Met
B C
1 2 3 4
kDa kDa
100 - o 100 -
- <
70 | = - : 70 T .-
50 ={4 I 50 -
1HE L 018
30 -l = 30 -| -
20 - - 20 -| -
s TER T e

Fig. 3. Recombinant production of Uu-ilys-CF. (A) Schematic
diagram of recombinant TrxA-Uu-ilys-CF fusion protein.
(B) Overexpression of the fusion protein induced by
IPTG. (1: non-induced, insoluble; 2: non-induced, solu-
ble; 3: induced, insoluble; 4: induced, soluble). The gray
arrow indicates TrxA-Uu-ilys-CF, which is overexpre-
ssed in insoluble form. (C) Affinity purified fusion pro-
tein, TrxA-Uu-ilys-CF.
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(A) The HPLC chromatogram of the CNBr treated re-
combinant TrxA-Uu-ilys-CF fusion protein. The bar in
the chromatogram indicates cleaved Uu-ilys-CF peaks.
(B) The HPLC chromatogram of the DTT treated Uu-
ilys-CF. The bar in the chromatogram indicates Uu-ilys-
CF. (O) The final HPLC chramtogram of Uu-ilys-CF. The
gray arrow indicates Uu-ilys-CF. (D) The molecular
weight of Uu-ilys-CF was determined as 2405.1150 Da
[M+H]".

S-Sd¢o] mF AAHNCH, o]F 44 A FAU3

HPLCE Adlstel & A% shtel 738 $353chFg

4B). PA o 2 DTTAH ] ® Uu-ilys-CF& 22 ZH o o2

gradient 2702 FU3AS oY, 10-12%(F 28-29% oA &

telE)d sthe] T2 §EH U (Fg 40). $59 93

£ LC-MS/MSE 53t £4% 34 & A3, [M+H] 7ol

2405.1150 Da®. 2 574 5 th(Fig. 4D). ©l& ©] &7t2 240476

Dadt 2 A3t

Uu-ilys-CFQ| & &4
Uu-ilys-CFe] &+t

assay (URDA) WH & A3
5

1cai 7—‘174 6.4 mm«] clear zone& YEMAT. 1 E}% 2=
a3 ST S. sonnei$t E.coli ML350) 4 &4 o] 738}
Elytom, 18k oFAF9l Bsubtilis9} Saureus, a% %"éi‘
E.coli D31, S. flexneri, Z12] 3 E.tarda®l = &4-& 9l
Ao A& Fdth AT IF FAFY M. luteusst
S. inine, 1% AT V. anguillarum, 1231 A< C. albi-
cmsoll & E4 & HolA gtth(data not shown). 17 ¥4
QL B. subtilisol A AzF MNE FolaAk (rUu-ilys) %
Uu-ilys-CF9| A& vlaste] £ A3, 2E $5(100 pg/
ml)ol A & o] AaA) o] Uu-lys-CFRETH 1.941) tf 2 clear
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zones YERATH &9, Uu-lys-CFE 108 & ¥% (1
mg/m)E AT 4= ME oAU (100 pg/ml)E Tt
2.328) B 2 clear zone< 7FA L S th(Fig. 5B).
B AT fAS 237 Bdd FEef ghol axt oA
TAE FEASIARE v A4S Yty RuE
""'Oﬂ A 2l hen egg white 2to] 22N (HEWL) 74 5, &
3 B4 clostripain® Ag ¥, 44" G2 FEA (98
2715 1129 2719l @l 3)= Escherichia coli ATCC25922
Hl 25 5719 #5o P G4 FERH A TH20]. Goose
egg white 2ol &2 8] 9= N-ZH F=4 (208 7]
Bl 289 2719 syt 17 SA% ATl i 24
Ve ATH25]. =&, AW 2l(H. medicinalis)o| A LH4H 54
Y golaAYe dHER I E4& ety R
Atk Ave 9 golaad FHo BE HEo]EE g-helix
4, a-helix 5% o-helix 6°] Y=, I A a-helix 45 7743
st 679HA A7) RE 77HA AR BHEo W AH-E Escher-
ichia coli MDMSUB2E H] %3k 37) #¢ol A8d g+ S4$
ettt AT a-helix 55 TFASHE 859 A 7] R E 92
AR 2712 whEoll Hu e E4do] §INL, ahelix 65 74
b 105WA F71HE 11284 712 BEeld HHe
Micrococcus luteus MDMSU1280) A o+ &4 S el 91 TH33].
AEHORE B AFA NE golaAYde CEd FY9

T m_ o

A

— S5mm

Fig. 5. The antimicrobial activity of rUu-ilys and rUu-ilys-CF.
(A) The antimicrobial activity of Uu-ilys-CF against
eight different bacterial strains. 1: B. subtilis, 2. S. aureus,
3. S. enterica, 4. E. coli D31, 5. E. coli ML35, 6. S. sonnei,
7. S. flexneri, 8. E.tarda. The tested concentration is 0.5
mg/ml. The black bar indicates 5 mm. (B) The anti-
microbial activity of rUu-ilys and rUu-ilys-CF against B.
subtilis. The black bar indicates 5 mm.
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NFHE fEA4 (Uuilys-Che 18 FA 73 47 dial
FEAE Yet gt o] 2 JElo] =& +29] net charge,

2% 24AEE JIA = S M4 a-helix T2E 717
=]
z]
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