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Lysozymes are innate immune factors that play a critical role in the defense against pathogens in vari-
ous invertebrate animals including spoon worms. In this study, an invertebrate-type lysozyme was
isolated from the body wall of spoon worm, Urechis unicinctus. The acidified body wall extract was
partially separated using a Sep-Pak C18 cartridge. Among the fractions, the materials that were eluted
with 60% methanol/0.1% trifluoroacetic acid showed the most potent antimicrobial activity against
Bacillus subtilis KCTC 1021. A series of high performance liquid chromatography (HPLC) steps were
then utilized to isolate a single antimicrobial absorbance peak. The molecular weight of the anti-
microbial peak was approximated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), which was approximately 13 to 14 kDa. The partial primary structure of this anti-
microbial protein that was analyzed, using LC-MS/MS, was CTGGRPPTCEDYAK (1611.69 Da).
Homology search of these fourteen residues, using the National Center for Biotechnology Information
Basic Local Alignment Search Tool (NCBI BLAST), revealed that the isolated protein was similar to
the invertebrate-type lysozymes described in other animals. Then, the antimicrobial and lysozyme en-
zymatic (muramidase) activities of this protein were assessed. The isolated protein possessed anti-
microbial activity and potent muramidase activity, which were comparable to those of hen egg white
lysozyme. Therefore, the isolated protein was designated as Urechis unicinctus invertebrate-type lyso-

zyme from the body wall, Uu-iLysb.
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Fig. 1. Antimicrobial activity of U. unicinctus body wall extract
fractions on Sep-Pak Cl18 cartridge.
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Fig. 2. Schematic isolation process of antimicrobial material
from U. unicinctus body wall extract.

ME AY F%E-S Sep-Pak C18 cartridged] FY3te] &
& 10%, 60%, 18] 100% Ml &-e 4% (RM10, RM60, RM
100)9] B. subtiliso] Wt FHFAHL e A}, RMIO0,
RM60, 182 RM100914 2 65 mm, 8.1 mm, 181 53
mm 27|19 clear zones FE3IAT M Ao FIH
RM60S AH&3ted o3 @A 9 HPLC AAAA S AA st
o F74 B4L AAAD(Fig. 2). A RM60S
% SP5PWE Atgste] E4& BEd 47, 0204 M NaCl2
8 2350 E FHFAHE HYT(Fig 3A). °] 2=
CAPCELL-PAK C18 974 ZHE& Fato Zostion, 1
A3} 24% acetonitriled] &% y
Ath(Fig. 3B). A&l A SPSPWE E3) o] £8&
392, 02 M NaClol £&% 337} B. subtilisoll 3243
< YER S th(Fig. 3C). 18 ZORBAX CI8 94 ZH S AHE:
I -‘jrﬂ A3} 27-28% acetonitriled| A & FAE 1A
935 o3¢l th(Fig. 3D). mpA S o g e AP
z71& HH1°1 27-28% acetonitrile®] A dtute] 74 EHS
A st S Th(Fig. 4A).

FEY

lo
o L
>
A

F230|
| 3k

}h(Fig. 4B

IN

S
oM

=

rot O

itial

¥ ARMMEEN

A AFE dolrr] 93 SDS-PAGEE 35
. 15% polyacrylamide gelol Al AA g £ 15
kDa 27]9] EE2dHT 25 O o} F LR o] 53U
DR, 242 1314 kDa A& EAFE 7= o2 45
HAth M LS LC-MS/MSE E3 243 Az, 977}
1611.69 Da°] 5= 29 AE< 243t CTGGRPPTCE
DYAKe|2t& &4 A E& AUTh(Fig. 5). ] AE< NCBI
BLASTE Fdto] £43) & 23, o] A =22 UE &=
SERH 49 FAFFEY ghol 24 (invertebrate-type
lysozyme)®] A L3} FALEE 7HA AL lvke o] BrE AT
AA FE <] Haliotis diversicoloro A #8171 ko] 224 (gene-
bank accession number: AOX15707)3 92% A3 o] AA L
v, 885 &<l Eisenia fetida ol A 882 2ho] 2219 (gene-
bank accession number: AGJ83864)3} Hirudo medicinalis®l| A
431 71 2ho] 229 (genebank accession number: AAA96144)
% 85% Aol AAMTHFig. 5). olHFd frAA o whet B
TollM HE ARy FAE F4 GdAdS HE 2ol
&S] (Urechis unicinctus invertebrate-type lysozyme from
body wall, Uu-iLysb)& ™ ™3} %t

o HI
e

g A

B~
=

lo

rlo

Uu-iLysbQ| & &A1} 2{0|AKIQ] &N

ME 2ol a4 (Uu-i Lyst 24 & gatr] At &
484 9 golaxy 4 FAI S AP 23, Uu-
iLysb 4 F<lo] AHSH 47F BT FAo] FAFHY
ThHFig. 6A). 7+ 723 B4 B. subtilist E. colio] A #Z 5
QoH, 2 51 mm$ 54 mm clear zone< YERAIT S.



w
1

in
L

Absorbance at 220nm (AU) >
NaCl )

Time (min)

(9]

Absorbance at 220nm (AU)
NaCl )

Time (min)

Journal of Life Science 2018, Vol. 28. No. 3 303
)
£ 3001
Q =
a, 150 4 =
p 2
= g
.~; «
E b 4
< o4
T T
0 20 40 60
Time (min)
2
E
=
= g
a =
- =
= =
g =
v =]
= <
= bt
: - <
Z
«
ZIU 4‘0 60

Time (min)

Fig. 3. A series of HPLC steps used in the isolation process. The antibacterial activity of each fraction against B. subtilis was measured.
The black bar in each chromatogram indicates the fractions with strong antibacterial activity against B. subtilis, which were
pooled for further purification process. A. First cation-exchange HPLC chromatogram of the body wall extract of U. unicinctus
on SP-5PW. B. The reverse phase HPLC chromatogram of fractions pooled from A on CAPCELL-PAK Cl18. C. The cation-ex-
change HPLC chromatogram of fractions pooled from B on SP-5PW. D. The reverse phase HPLC chromatogram of fractions

pooled from C on ZORBAX 300SB C18.
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Uu-iLysb 1

H. diversicolor 92
E. fetida 93

H. medicinalis 97

Ident. Accession no.
14 (%) This study
105 92 AOX15707
106 85 AGJ83864
110 85 AAA96144

Fig. 5. Homology search results of the partial amino acid sequence acquired through LC-MS/MS. The purified protein has high
similarity with invertebrate-type lysozymes from other invertebrate animals: Haliotis diversicolor (genebank accession number:
AOX15707), Eisenia fetida(genebank accession number: AGJ83864), and Hirudo medicinalis (genebank accession number:

AAA96144).
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Fig. 6. A. The antimicrobial activity of Uu-iLysb (0.5 ng) and HEWL (0.5 pg) against four bacterial strains (Gram positive: Bacillus
subtilis KCTC 1021, Staphylococcus aureus RN 4220; Gram negative: Escherichia coli D31, Edwardsiella tarda KCTC 12267). B
The lysozyme activity of Uu-iLysb (0.5 ug/ml, M) and HEWL (0.5 pg/ml, #).
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