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A comparison of the hydrolase activities of excretory-secretory products
and somatic extracts from fish parasitic nematodes, Anisakis
simplex sensu stricto and Anisakis pegreffii larvae

Chan-Hyeok Jeon, Seong Wi and Jeong-Ho Kim'

Department of Marine Bioscience, Gangneung-Wonju National University, Gangneung, 210-702, Korea

Hydrolase activities of excretory-secretory products (ESP) and somatic extracts (SE) from Anisakis
simplex sensu stricto (s.s.) and Anisakis pegreffii larvae were investigated by using API ZYM kit.
In esterase group, acid phosphatase showed high activity from both of A. simplex (s.s.) and A. pegreffii.
Esterase (C4) showed activity only from SE and 4. simplex (s.s.) showed higher activity than A. pegreffii.
Alkaline phosphatase, acid phosphatase and naphthol-AS-BI-phosphohydrolase showed higher activity
in 3rd stage larvae than in 4th stage larvae of both species. In aminopeptidase group, only leucine
arylamidase showed remarkable activity in SE of both anisakid species, and A. simplex (s.s.) SE showed
higher activity than 4. pegreffii SE. In glycosidase group, N-acetyl-B-glucosaminidase, o-mannosidase,
a-fucosidase showed higher activity in 4. simplex (s.s.) than A. pegreffii, and 4th larvae showed higher
activity than 3rd larvae. These differences in hydrolase activity of anisakid nematodes larvae are
thought to be due to different metabolism such as growth, moulting, digestion and feeding.
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MF =S AR dtq IZbell A== AT 22%5(Genus Anisakis) 5] 3ol ZEd o/
T F NS E AR gt dHoEE U FEFE A AU =27 29 AdelA A
Z5Fl &3+= Diphyllobothrium sp., &% 7ol & HetAd s W, AFellA ofAT| 2Fo] dojd
S}= Clonorchis sp.$} Opisthorchis sp., A5l 4 Ro E, AL BB 5 FAE kst A
3= Anisakis spp.2}  Gnathostoma sp. 3@l &g+ o2 &eIA Ath(Smith and Wootten, 1978). ©] &
¥ 5o] &eA ATHChai, 2010). ©] F oFJ AL 3 HESE FENSH = Anisakis Type 1 (Anisakis

simplex sensu stricto, A. pegreffii, A. simplex C, A.

TCorresponding author: Jeong-Ho Kim typica, A. physeteris)®| &3l 7145 23l LAY
Tel: +82-33-640-2851, Fax: +82-33-640-2340 stk oF o) ;
E-mail: jhkim70@gwnu.ac kr St d A A TtH(Audicana and Kennedy, 2008).




26 Az - 4

=2 A simplex (s.5.)
E HEFTOE VAU A simplex (ss.)& W
o= o] A7t & H| gt} AR single-
strand conformation polymorphism(SSCP), multiplex
PCR, PCR-RFLP, direct sequencing 52 A&
St o] EUAHUA FF5e Bo A& Fgst
A FAL = A H%1aL, 53] PCR-RFLP WH =
ol g3te] @ s AFEATORE oA 2
& A% FES URE T T34 58 F A
Al = A THDAmelio et al., 2000; Nadler et al., 2005;
Umehara et al., 2008a; Zhu et al., 2007).

A oAM= EAY =T S ARESE
o ol A7l 2T FAb A B3 5 T8
A} A simplex (s.8.) ASZ &A= o], ol ALY
S FEstE 8 ATl A simplex (s.s.)%

X 73} T (Arizono et al., 2012). L&},
ghol dEAA ot AT =& AF FrES
P AE A Ao mEw, AZsqt o F
LAy (Todarodes pacificus)| A1 A. simplex (s.s.)
Tk oyt SAEFA A pegreffii’l =2 HEE
A% (Kim et al., 2012; Setyobudi et al., 2013,
Umehara et al., 2008b), + TAFZHe] Agl¥ £
of AAl F AT FEd 2T oA aFe
&= 2el7E Ao

OFYA| 2T ofYAT 2= AF F5ol A
o &stdhE £ o1 o Yehes Aol
(Oishi and Hiraoki, 1973). Audicana and Kennedy
(2008)= A. simplex 37] %] Abge] 917 A at
o2 HEs7] Y= AlEe 7] 4 (extracellular
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matrix)= w3 7 AE A G Hd R E A
S5 EHlste 23S A= HAYUES 7
A Aolgta 7Est At £, 7| AAFe TR
MBEAEL TS TYAIE HdAd Bt
oflet sFAANkgo] 3t 3 ga e #H
H Ao T BuE I ) vhSakanari et al., 1989). 7]
A F o] 7t B3| B4+ esterases, peptidases, pro-

teases “12] 1L glycosidases 522 FEE=H|,
B3 2ol o EvljEe dudyE

4
Amash 524 W o5 2 A u) A4

= g g #EE 5458 £33k 9l
(Ondrovics et al., 2013), oFU A2 A5 {59
Hdd g AR BE | W AYESS olsfst
7] Yl Sl E R a4 B ofue} o]
ghete iRl a4 g4 i A =
Ea=g

OFUA| 24 Aol WAg B iAol
A AT ZE= Suzuki et al.(2010)0] A. simplex (s.s.)
2} A. pegreffiis t/d o2 FAuA] oA EE A
AEGES VSRS W, A pegreffii BTt A. sim-
plex (ss)oA B 2 AFHE AT  8lof
A. pegreffii BTt A. simplex (s.s.)7} AF&olAl o}y
A 25e FEAIE FEol ¥ 15 Aozt 4
SEATH ol A 23 A o] Sl e B4
B3t AF= A. simplexS} Hysterthylacium aduncum
< GO E o] FH =T A simplex®] 75 serine
proteases’}, H. aduncum®] 73-F- metallo proteases”}
ST2A L Bildta 572 JFee dAHl +
2 o9t B H th(Malagon et al.,, 2011;
Morris et al., 1994). 3, dWA R EALE F 35}
gk TR EA S B ATE 4. simplex,
Contracaecum rudolphiiol Al R 1.E QA TF. A. simplex
= Aol5A8Y Aol oJalf 37] 53 47] 5ol
Al Tkl aa 24 ko7t YEdtal B
¢l 2. (Dziekonska et al., 2003), C. rudolphii 3% 2]
E-1) vl A 4FE(excretory-secretory products)< %
o] Az E4e & F Ao, thFEEY Al
ZoAA YEbYE FA FE S (somatic extracts)©]
glucosidases 242 BF3E F oUA PR
283ttt ol o A A th(Dziekonska et al., 2005).
webA, B AT ofUA 25 & Fdet

A1FA A simplex (s.5.)2} oFUAT) 2%

It Sele T3 SEAIRE et a4k
2} Aol A simplex (s.s.)2} &7 E35HA
A== A pegreffiie Ido 2 2H2e] {35-& ol
st 371 /53 471 59 ERlEAatE
(excretory-secretory products)3} 3| 5% E-(somatic
extracts) = L& ¥, ofYA| =& Ao A
|3 dHE VR a4l 84 34, F T A
olo| A oW J}ER T AT}V A simplex (s.s.)2F A
pegreffiidl A &4 ol & YEM=A] vl
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o|& 7|4 A% Anisakis simplex sensu stricto®} Anisakis pegreffii

Mz o UE

Anisakis®d ME9| %!

A. simplex (s.s.) 37] 32 2011 109 &%
gl o2 3 Ast= Aol(Oncorhynchus keta) (33
A 693 cm, HEAF : 3.04 kg)o] &5 (belly
flaps) O ZHEl, 4. pegreffii 371 %< 2012 1€
A 2GR A A A LS "’501(Scomberja-

ponicus) (BTAZ : 28.08 cm, HFA : 264.16
g)el B elA Z+zh Eelsdth

Excretory—secretory products?| 3|4

Aol ZFelA EeE olA =& A5 100
lElet mEole] BgeA Bel® oA 2dk
AZ 100vHelE 37] §53 47] %9 ES prod-
ucts 3 FE 8] 507 B UiE & Iglesias et al.
(2002)2] el whet v stk =, ARG R
E48 YA ¥& 7% PBSE 2-33] AHe 5
20% FBS(Lonza, Switzerland), antibiotic solution
(Sigma, USA), 1% commercial pepsin(Sigma, USA)
o] Z3+¥ RPMI-1640(Sigma, USA) Hi X Z pH 4.0
o2 ZA-% 5 12 well platedl] 27+ 5 %
F37C, 5% CO, 204 22 143} 6 i &
Row, A= v wEsHHTE 193 v ke
=9 W gH2 37] %59 ES products 0.2, 643t
¥ 52 HlgA 2 47] 552 ES productsZ
AHgSE oM, 47] FE5 o RS = Ay i
9] mucron®] §lo1Z A& @A SR FRlste] 4
Aotk Z4zte] Eed m g 80Tl By
StRom, AHgA FFREE U 8l YA S pooling
gk %, Bradford(1976)°] T A #ZH o wet 100
ugmLE A8t 7R as 24 S-S 9
3 A 82 AT

Jo O N

Somatic extracts2| 3|4

37] 53 471 £ gl AHE Y-S
A ASFaL, PBSE 2~33] washing ¢+ 3, G2 %
< W= gt Z4zbe FASS Avto g et
HHke 80Coll B¥ 3Tt A simplex (s.s.) so-
matic extractsZ} A. pegreffii somatic extracts > = L}
H S A& pooling 3t Tk Z-7+2] pooling® A &

829 excretory-secretory products % somatic extracts] 7}4Ea| A A T4 b
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E2 onice AEolA PBS ImLE H7}3F &, ho-
mogenizer(PT 1200, Switzerland)®} sonicator(VCX
130, USA; 50% amplitude, 1min)E A&} o}
3k % 18,000 x goll A 10&3F YA EE st 3]
8 A5 9L Bradford(1976)9] ©-d A 2 o
we} 100 ugmLE H A3t MR as 84 =
e AT ARE ARSAT

Anisakis® M&E9| =™

37] 553 47] F-52] somatic extracts > = A}
3kl 2 200 vkl 9] of AT 24 A
Wasko et al.(2003)2] ol we} 4k FE3
%, D’Amelio et al.(2000)°] rDNA<2] ITS region
(ITS1-5.88-ITS2)S E}AlCZ A2 A (5-GTC
GAA TTC GTA GGT GAA CCT GCG GAA GGA
TCA-3’) ¢ B (5-GCC GGA TCC GAA TCC TGG
TTA GTT TCT TTT CCT-3’) primerS A}-&3}
PCRE AAstH o, SZ¥ 4= Hha | (NEB,
UK)3} Hinf1 (NEB, UK) Al@EA2 A3 F,
2% agarose gel= ARg3te] AAES H7] 953t
1 UV transilluminator oA 4 s ¥H-& 3<lst

AT

APl ZYM

Ao A B H 4. simplex (s.s.)9 5o A
2 H A pegreffiic] 3719k 47] §%5-2] ES products
2 somatic extractsE 1959 7I-Ra &4 71E &
33t Q1= API ZYM kit (Biomerieux, France)S
Fo] Z-2E9] strips©ll 65 pl A EF3 & 37T
4N ZE 9EGAIA Zhzke] TS a4 S S
T5 Fol Rlusin. E4x= d5FE 7
2 0-40 M 7HA] #3502 7|2 3g o,
somatic extract®] 7% PBSE., ES products®] 7%
v @Foll AL8-E RPMI-1640M1 A & 53 A5
gzroz AMgsh T
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PCR—RFLP
%25 PCR productE AEL Hha I 3} HE
ANARE W, Aol A ZEgt ofUA 2= AF 75
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I nFoloA EEE oA~ AF FF BT
550, 430 bpe] EHS &R1E & AU Hinf 1 Al
g BAE o] &3ty ZA7e] Y-S vas) B A
N Aol EET ofHAT| 24 HF 735
9] 79 620, 250 bpo] AL AT F Qllom,
a5ooA B ol AT & AFHFo 7
- 370, 300, 250 bp2] A& AT 4= o, Z+7t
A. simplex (s.s.)2} A. pegreffii2 57339 th(Fig. 1).

o N et

APl ZYM

A. simplex (s.s.)%} A. pegreffii®] L3} L4 ES prod-
ucts 2 somatic extracts®] 7} &4 &4 o]
E]+= Table 1] L9Fsl T

37] 3 ES products®l| A= 4. simplex (s.s.)°ll A]
4%, A. pegreffiiol Al 5&2] 7tEIE LA S
o] YEFSTE N-acetyl-p-glucosaminidase$} a-man-
nosidase® 41 += 30 nmol3} 20 nmolZ H| & &2
g5 YEFHA AR esterase lipase (C 8), naphthol-
AS-Bl-phosphohydrolase?l A& F & ZFlA 10
nmol °©]35le] A Yo &Xo] YEIST acid
phosphatase2] 79~ A. simplex (s.5.)1 4= &4 0]
YUEFUR] AT, A, pegreffiiol A= 5 nmol9] &
AE FAE F AU

=

37] % somatic extracts®] 74-F- A. simplex (s.s.)

500 bp

(@)

IR L

9} A. pegreffiioll A 2472} 78] 7R B Aol A
o] FJASJTE. 4. simplex (s.5.) esterase (C
4), leucine arylamidase ~18] 1L acid phosphatase®ll 4|
A. pegreffii T+ 10 nmol E& &4 S YEIA T
A. pegreffii= N-acetyl-B-glucosaminidase 2} a-fuco-
sidase| A A. simplex (s.s.) Bt =& &4o] YE}
W31, &3] N-acetyl-B-glucosaminidase®] 74
simplex (s.s.)o A &4 o] YeR}A] &2 ®i3),
pegreffiiol = 20 nmol®] Hlw & & 7lFEIE
4 ZAdo] YEytth

47] % ES productsOll A+ A. simplex (s.s.)2}
A. pegreffii B 5% 9] TLT TtFES a0l A
Aol A=A F F EF acid phosphataseS}t
N-acetyl-B-glucosaminidase ] 41 30 nmol °©]/¢¢] =
2 Z4E UEY 4 simplex (s.s.)& alkaline
phosphatasell A 4. pegreffii Rt} =& &4 el
WA, A. pegreffiic acid phosphatase2} a-manno-
sidase| A A. simplex (s.s.) Bt =& 48 el
ot

47] % somatic extracts®l| A= A. simplex (s.s.)
ol A 7E, A. pegreffiil Al 6& 2] 7hrEall B 4ol A
gdo] A=A A. simplex (s.s.)= alkaline phos-
phatase, esterase (C 4) ZL2] 3L leucine arylamidase®]|
A A. pegreffii BT =2 @40 YEGEIL, 4. pe-

500 bp

Fig. 1. PCR-RFLP profiles of Anisakis sp. obtained by digestion of PCR-amplified ITS region with Hka I (a) and
Hinf I (b) restriction enzymes, respectively (L: 100 bp DNA ladder, 1-2: 4. simplex (s.s.), 3-4: A. pegreffii).
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Table 1. The hydrolase activities in excretory-secretory (ES) products and somatic extracts from third-stage larvae
(L3) and fourth-stage larvae (L4) of Anisakis simplex (s.s.) and A. pegreffii.

Anisakis simplex (s.s.) Anisakis pegreffii

ENZYME Classification trol L3 L4 L3 L4
ESP* SE° ESP SE ESP SE ESP SE
Esterases
Alkaline phosphatase 3.13.1 0 0 0 10 5 0 0 5 0
Esterase (C 4) 3.1.1.6 0 0 20 0 20 0 10 0 10
Esterase Lipase (C 8) 3.1.1.3 0 10 10 0 10 10 10 0 10
Lipase (C 14) 3.1.1.3 0 0 0 0 0 0 0 0 0
Acid phosphatase 3132 0 0 30 30 40 5 20 40 40
Naphthol-AS-BI-phosphohydrolase 3.1.3.31 0 5 5 10 5 10 5 10 10
Peptidases and Proteases
Leucine arylamidase 34.11.14 0 0 20 0 20 0 10 0 10
Valine arylamidase 34.11.14 0 0 5 0 5 0 0 0 0
Cystine arylamidase 34.11.14 0 0 0 0 0 0 0 0 0
Trypsin 3444 0 0 0 0 0 0 0 0 0
a-chymotrypsin 3445 0 0 0 0 0 0 0 0 0
Glycosidases
a-galactosidase 3.2.1.22 0 0 0 0 0 0 0 0 0
B-galactosidase 3.2.1.23 0 0 0 0 0 0 0 0 0
B-glucuronidase 3.2.1.31 0 0 0 0 0 0 0 0 0
a-glucosidase 3.2.1.20 0 0 0 0 0 0 0 0 0
B-glucosidase 3.2.1.21 0 0 0 0 0 0 0 0 0
N-acetyl-B-glucosaminidase 3.2.1.50 0 30 0 30 0 30 20 30 5
a-mannosidase 3.2.1.24 0 20 0 10 0 20 0 20 0
a-fucosidase 3.2.1.51 0 0 5 0 0 0 10 0 0

. excretory-secretory products
®: somatic extracts

greffii= naphthol-AS-Bl-phosphohydrolase 2} N-ace-
tyl-B-glucosaminidase®l| A1 4. simplex (s.s.) Tt &
< Z4& YEElth

7 %

AU 3%, AF, 7% T A 1AAF
A2 ARG Fog IA A )
O}, o 75 AAstE AGdo] BstERA o
TN Age A Srksta e FAolth of
FouiAg A8 AA SR, 25/, FFF 5
of 9% AHFE & 7 v, 2FFS FFF
9] 739 Praziquantel 2 A7} 7Hs gk 9hH, A FH
9] 7% tiabendazole™} albendazole 5ol 4 <FA|&
dol e ALE A oy FaS A sA=

ol = o] QA &t} (Chai, 2010; D’ Amelio et
al, 2010). 3FA| R, X 58 7] A ofY AT 2
A% 50l AHEdA ZEsE= MAYUS ol &

F%o) BAA S Bad 832 S0l tha) of
Ashe AE Fasio

Urao g NYFe BN AR ELE SF
A DE AAFL, SFAY WSAN 78 F
2 BES, f30) Fohsh B5E S F7142
B ol Holahgel FAF 4IE e 5
o ¥ 7| 4FS] BBAS HFBA o] Fa
F QS B0, 53] 739 47 IFIRE B

Ao ot <A Qth(Dziekonska et al., 2003;
Malagén et al., 2011).

Suzuki et al.(2010)0l] WEH, o}JAT] 2 A 30
ZEE Ao A ol AT 2~ HE fES BEF
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A% A3 A pegreffii7t st AGANME 4
simplex (s.s)oll & o] o 2 Fo=2 FRF
A, AR Yol A simplex (s.s.)2t A. pegreffii
£ &9 =1 WA WE IRt JAFYS g<ls)
< W A simplex (s.8.)7} A. pegreffii 2t} H
AEHE 7= Ao ® glyo], ZdAF<
lmplex (s.8)%} A. pegreffiiol A E8]4 E=H 3
B HAA el &fol7t A& Aolgt Hustgith
, S AR F A} TR ase] &4
A= oY A 23} (Family Anisakidae) 41
A. simplex, Contracaecum rudolphii “1€] 3l
Hysterothylaczum aduncum| AT B Eo Q)
(Dziekonska et al., 2003 and 2005; Malagon et al.,
2011) E}EW 2 AFdAE ofHAI 25 S f
[l YAFQ 4. simplex (s.s.)2F P A
~FE ‘TTHLO]' Fdlv AAT g sfstol 7
oF Aol A A simplex (s.s)F TA E5kA A
T A. pegreffiie o2 Aol A EE
= A 371 53 47] 5o EHHA
=

g o3

/) rﬁ

Nlrﬂrﬂrﬂ“ﬂ}rm

z

==X

(excretory-secretory products)¥ =3 FEE
(somatic extracts)S AFE-3}e] olYALT| 24 A
o A& HEE TRl ase] E4&
A, T T AololA o\ FhERs AT A, sim-
plex (3.8.)2} A. pegreffiiol A &4 =FolE YEMY =
IR EVAT =R =

B AT Hug F 1959 7teRslas &
9FNA Z7] & Tt a4 &4kl &2l
F It} Esterase 152 7FrE &4 S L acid
phosphatase, esterase (C 4), alkaline phosphatase ~L
2]31  naphthol-AS-Bl-phosphohydrolase®l 41 U}E}
T}, acid phosphatase®] 73-%- 4. simplex (s.5.)S} A.
pegreffii®] 371 %2 ES productsE A2 T
aFolA ZAdo] =A eSS ™, alkaline phos-
phatase 2} esterase (C 4)2] 7% A. pegreffii BT+ A.
simplex (s.s.)°A T4 2 @84S Y= A
g2ls 4= JAUAT, naphthol-AS-BI-phosphohy-
drolase®] 749~ A. simplex (s.5.)E.T} A. pegreffiill A
Z2AY F o 52 245 AT F UdTh
Ruitenberg and Loendersloot(1971)% acid phospha-
tasex= Anisakis sp.2] AW H} WAl & d8E&
YEFH ™, phosphatase= THAFEFE-2] A ool 3lof

e ofy

IR L

ZF8sitty RSt £ A3l AMSE A sim-
plex (s.8)2} A. pegreffiiZ}t 4%°] old 37] fr&5=
47] -;C’T%O] E.2 ES products3} somatic extractsol] 4]
7t =& g4 o] YErgtha AZbEE, AE ) o
o =& o] yeEldTg 1 RO EZE ES
products X.T} somatic extracts®ll A ThAd &2 7)<
&4 S-S Y= o2 /‘gﬂﬂ‘:} =3k
37 frZFRT 47] fZdA o =
45 Uehl= A2 37 7 °ﬂ/\1 47] frEo =
A%, galete Al B 47] frEolA A5oE A
A, g3t v B2 duxde] a3y Wi
o]2}aL A Z+E T}, naphthol-AS-Bl-phosphohydrolase
o] &AL A simplex (s.s.), NA B ZF (Ascaris suum),
I sheep botfly (Oestrus ovis) AT R ILH
vl 9lo} 75l thal e BE vk §lok(Dzie-
2003; Dziekonska, 2006; Tabouret et
=87

N

o

konska et al.,
al,, 2003). Liew et al.(2012)2 1%
Burkholderia pseudomallei ol 4 naphthol-AS-BI-pho-
sphohydrolase®] - &/ Alxo] Aol 9o
42 0 2 I Q3% housekeeping enzyme2] &2
g AOE FZHHE, 4 Szmplex (5.8.)%} A4. pe-
greffiiol A= o] 9} v =%k IS & Fo7g F74
o

Aminopeptidase L& 7t EAs GHS
leucine arylamidase®} valine arylamidase®| A1 4. pe-
greffii® Tt} A. simplex (s.s.)] somatic extracts®l] 4]
Aol =A YeEw o™, ES productsell A= &4
o] YJEFIA] T} Aminopeptidase= 4. suum©]
Halol &u & ke B¢ 2R 54 AFAY
SujA R wlg Fa% ZoFE IdHA Yo
(Rhoads et al., 1997), <3+ A. suum®] A9, i
vulva, W& 12]ar A|7efol A LA = o iﬁ‘r@r
dolzh-g3 BEE Ao AZEtH(Lee, 1962;
Rhodes et al.,, 1966). ¥ ATl A A. simplex (s.s.)°l
A A. pegreffii Bt ¥ A o] YERD o]+ A4
simplex (s.s.)7} A. pegreffii 2tk 52 A%} ven-
triculus®] A o]7} 27] & ll(Quiazon et al., 2008),
o] g A3ke} Aol&go] T Wol o] Fo|A]7]
wjEoletar FAHH

Glycosidase 159 7}

tyl-B-glucosaminidase, o-mannosidase “L&] 3l

Eiaa 44 LS N-ace-
o-fu-
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cosidase®| A WUEFSETE. N-acetyl-B-glucosaminidase
9] 7% A. simplex (s.5.)S} A. pegreffii®] ES products
4] 30 nmol®] HIALA FL 7F-Ea] &4 &4 o]
LERE S ™| somatic extracts®] 73-$- 4. simplex (s.5.)
oAM= Tkl B4 EAdo] YEUA kAL,
A. pegreffii®] 371 % (20 nmol)@} 47] f+% (5
nmol)ol| A 7FFEa &4 &g o] YEFRTH o-man-
nosidase®2} a-fucosidase= A. simplex (s.s.) BTt A.
pegreffiil A Z2AU & © £ A o] FAHA
=, a-mannosidase= ES products®l| 4], o-fucosidase
= somatic extractsol| AT Ztzheo] g o] LERETE
glycosidase 19| 7Frwslas & /M & &
4-& YERA N-acetyl-B-glucosaminidase= hyalur-
onic acid &£8HE9] 7tEINA FA3 TS
stH, A=A 8 HAE F UEHA 7|50l
STE IR S Fe 20E 44 Aok
(Hotez et al., 1994). Nisbet and Billingsley(2000)+=
S =7 (Dermanyssus gallinae)2} flour mite
(Acarus siro)®] FZ=E4 30 nmol ©]42] &
Tt EA S FE A, e T Y A
Z 7] (Psoroptes ovis, Tetranychus urticae)| 1= 5
nmol ©|49] 7t ELS S-S A=,
N-acetyl-B-glucosaminidase= =& FHFFE9
2o Qo] T3 dd=
o EZF A suume] H A ZAHEHAS W 25,
Perienteric fluid, Y371 &, WY FE2=A &
A3l E2 FAdo] B E 9 tH(Dziekonska, 2006).
N-acetyl-B-glucosaminidase= Tl ES productsS
Fote A7 B A BHIEY {39 g3 &
Ao & Aole} A=A, A pegreffii®] 371
%2 somatic extracts | A UERG 7tFES EA
A A= F o F7HE] A7 28
Zlole}t AhE T

£ ATl A= API ZYM kitE A8 A. sim-
plex (s.s)9} A. pegreffii® 7V aae S &
Hlalsl & A3 659 Esterase L& 2] 7l &
& F 5% Tt ELoA E4 o] UEIHE
d], naphthol-AS-Bl-phosphohydrolaseE A 2|3+ 47}
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tase= A. simplex (s.5.)2} A. pegreffii ZFoA E&
A4S YEIW O™, esterase (C 4)2] 7d-$- somatic
extractsO| A WF 7RSS E4 A o] YEGEH
A. simplex (5.8.)7} A. pegreffii®} Bl n3te] 3719} 4
7] 5 EFCllA 2v) 7HEF B2 EA4S JERATH
alkaline phosphatase, acid phosphatase ~L2] 321 naph-
thol-AS-Bl-phosphohydrolase®] 73-%- A. simplex (s.s.)
o} A. pegreffii 7 37] FFET 47] F35o0A4 H
=2 VMR B4 EA 0] 1E AT Aminopep-
tidase 159 7FFEEA AL leucine ar-
ylamidase®l| Al ## = $1=T, somatic extracts®] 73
9 A. pegreffii BT} A. simplex (s.s.)N A 71453
a4 gA4o] 7 7t = SlE e, iR
9] & 4 SoAE 40 A YEhA &
¥t} Glycosidase 159 7FE3 a4 AL N-
acetyl-p-glucosaminidase, a-mannosidase L& a-



32 Az - 4

fucosidase®| Al A= A=, 4. simplex (s.s.) ET}
A. pegreffiidl Al E& MR EA S AT
T AoH, hFE 47] FFET 37] FEolA o
& Vb EA FAdo] FRlF T o2 % of
Ui 24 Ao 3 fFE5dA0l mE 73l
aio] &4 ztole A5 A4, g, &3} 4]0]
o At ] Afolof] 71RIgE Ao 2 Azt T

Ho] AP =
ol FHEAEFY

X] =
o (A7 G N A AT G ste} A A
o= ] o)

[\
S
oy
ri
:oll:,"
e
iy
s

References

Arizono, N., Yamada, M, Tegoshi, T and Yoshikawa,
M.: Anisakis simplex sensu stricto and Anisakis pe-
greffii: Biological characteristics and pathogenetic
potential in Human anisakiasis. Foodborne. Pathog.
Dis. 9: 517-521, 2012.

Audicana, M.T. and Kennedy, M.W.: Anisakis simplex:
from Obscure Infectious Worm to Inducer of
Immune Hypersensitivity. Clin. Microbiol. Rev., 21:
360-379, 2008.

Bradford M.M.: A rapid and sensitive method for the
quantitation of microgram quantities of protein uti-
lizing the principle of protein-dye binding. Anal.
Biochem., 72: 248-254, 1976.

Chai, J.Y.: Fish-borne parasitic diseases. Hanyang. Med.
Rev., 30: 223-231, 2010 (In Korean with english
summary)

D’Amelio, S., Mathiopoulos, K.D., Santos, S.P., Puga-
chev, O.N., Webb, S.C., Picanco, M. and Paggi, L.
Genetic markers in ribosomal DNA for the identi-
fication of members of the genus Anisakis (Nematoda;
Ascaridoidea) defined by polymerase chain reaction-
base restriction fragement length polymorphism. Int.
J. Parasitol., 30: 223-226, 2000.

D’Amelio, S., Busi, M., Ingrosso, S., Paggi, L and
Giuffra, E.: Anisakis. In: Liu D.Y. (eds) Molecular
detection of foodborne pathogens. CRC press, pp.
757-768, 2010.

Dziekonska-rynko J., Rokicki, J. and Jabtonowski, J.:

IR L

Activity of selected hydrolases in excretion-secre-
tion products and homogenates from L; and Ly lar-
vae of Anisakis simplex (Nematoda: Anisakidae)
parasitising herring. Acta. Ichthyol. Piscat., 33: 125-
135, 2003.

Dziekonska-rynko J. and Rokicki, J.: Activity of selected
hydrolases in excretion-secretion products and ex-
racts of adult Contracaecum rudolphii. Wiad. Parasi-
tol. 51: 227-231, 2005.

Dziekonska-rynko J.: The activity of selected hydrolases
of adult female Ascaris suum, Goeze 1782. Helmin-
thologia., 43: 59-63, 2006.

Hotez P.J., Cappello M., Hawdon J., Beckers C.,
Sakanari J.: Hyaluronidases of the gastrointestinal
invasive nematodes Ancylostoma caninum and
Anisakis simplex: possible functions in the patho-
genesis of human zoonoses. J. Infect. Dis. 170:
918-926, 1994.

Iglesias, L., Valero, A., Benitez, R. and Adroher F.J.:
In vitro cultivation of Anisakis simplex: pepsin in-
creases survival and moulting from fourth larval to
adult stage. Parasitology., 123: 285-291, 2001.

Kim, W.S., Jeon, C.H., Kim, J.H. and Oh, M.J.: Current
status of anisakid nematode larvae infection in ma-
rine fishes caught from the coastal area of Korea
between 2010 and 2012. J. Fish. Pathol., 25: 189-
197, 2012. (In Korean with english summary)

Lee D.L.: The histochemical localization of leucine ami-
nopeptidase in Ascaris lumbricoides. Parasitology.
52: 533-538, 1962.

Liew, S.M., Tay, S.T., Wongratanacheewin, S. and
Puthucheary, S.D.: Enzymatic profiling of clinical
and environmental isolates of Burkholderia pseudo-
mallei. Trop. Biomed., 29: 160-168, 2012.

Malagén, D., Benitez, R., Adroher F.J. and Diaz-Lopez,
M.: Proteolytic activity in Hysterothylacium adun-
cum (Nematoda: Anisakidae), a fish gastrointestinal
parasite of worldwide distribution. Vet. Parasitol.,
183: 95-102, 2011.

Morris, S.R. and Sakanari, J.A.: Characterization of the
serine protease and serine protease inhibitor from the
tissue-penetrating nematode Anisakis simplex. J.
Biol. Chem. 269: 27650-27656, 1994.

Nadler, S.A., D’Amelio, S., Dailey, M.D., Paggi, L., Siu,
S. and Sakanari, J.A.: Molecular phylogenetics and
diagnosis of Anisakis, Pseudoterranova, and Contra-
caecum from northern Pacific marine mamals. J.
Parasitol., 91: 1413-1429, 2005.



o|& 7|4 A% Anisakis simplex sensu stricto®} Anisakis pegreffii 59| excretory-secretory products U somatic extracts®] 7}pEa|ad B4 o]

Nisbet, A. J. and Billingsley P.F: A comparative survey
of the hydrolytic enzymes of ectoparasitic and
free-living mites. Int. J. Parasitol. 30: 19-27, 2000.

Oishi, K. and Hiraoki, M.: Food hygienic studies on
Anisakis laravae-IV On the relation between the
mortality and the penetration capacity of the larvae
into an agar layer. Nippon Suisan Gakkaishi. 39:
1345-1348, 1973.

Ondrovics, M., Silbermayr, K., Mitreva, M., Young,
N.D., Razzazi-Fazeli, E., Gasser, R.B. and Joachim,
A.: Proteomic analysis of Oesophagostomum denta-
tum (Nematoda) during larval transition, and the ef-
fects of hydrolase inhibitors on development. Plos.
One. 8: €63955, 2013.

Quiazon, K.M.A., Yoshinaga, T., Ogawa, K. and
Yukami, R.: Morphological differences between lar-
vae and in vitro-cultured adults of Anisakis simplex
(sensu stricto) and Anisakis pegreffii (Nematoda:
Anisakidae). Paratiol. Int. 57: 483-489, 2008.

Rhoads M.L., Fetterer R.H. and Urban J.F.: Secretion
of an aminopeptidase during transition of thrid- to
fourth-stage larvae of Ascaris suum. J. Parasitol. 83:
780-784, 1997.

Rhodes M.B., Marsh C.L. and Ferguson D.L.: Studies
in helminth enzymology. V. An aminopeptidase of
Ascaris suum which hydrolyzes L-leucyl--naphthy-
lamide. Exp. Parasitol. 19: 42-51, 1966.

Ruitenberg E.J. and Loendersloot H.J.: Histochemical
properties of the excretory organ of Anisakis sp.
larvae. J. Parasitol. 56: 1149-1150, 1971.

Sakanari, J.A., Staunton, C.E, Eakin, A.E. and Craik,
C.S.: Serine proteases from nematode and protozoan
parasites: Isolation of sequences homologs using ge-
neric molecular probes. Pro. Natl. Acad. Sci. 86:
4863-4867, 1989.

33

[Sh]

Setyobudi, E., Jeon, C.H., Choi, K.H., Lee, S.I. and Kim,
J.H.: Molecular identification of anisakid nematodes
third stage larvae isolated from common squid
(Todarodes pacificus) in Korea. Ocean. Sci. J. 48:
197-205, 2013.

Smith, J.JW. and Wootten, R.: Anisakis and Anisakiasis.
Adv. parasitol. 16: 93-163, 1978.

Suzuki, J., Murata, R., Hosaka, M. and Araki, J.: Risk
factors for human Anisakis infection and association
between the geographic origins of Scomber japoni-
cus and anisakid nematodes. Int. J. Food. Microbiol.,
137: 88-93, 2010.

Tabouret, G., Bret-Bennis, L, Dorchies, Ph and Jacquiet,
Ph.: Serine protease activity in excretory-secretory
products of Oestrus ovis (Diptera: Oestridae) larve.
Vet. Parasitol., 114: 305-314, 2003.

Umehara, A., Kawakami Y., Araki, J. and Uchida, A.:
Multiplex PCR for identification of Anisakis simplex
sensu stricto, Anisakis pegreffii and the other anisa-
kid nematodes. Parasitol. Int., 57: 49-53, 2008a.

Umehara, A., Kawakami, Y., Araki, J., Uchida, A. and
Sugiyama, H.: Molecular analysis of Japanese
Anisakis simplex worms. Southeast. Asian. J. Trop.
Med. Public. Health. 36: 26-31, 2008b.

Wasko, A.P., Martins, C., Oliveira, C and Foresti, F.:
Non-destructive genetic sampling in fish. An im-
proved method for DNA extraction from fish fins
and scales. Hereditas., 138: 161-165, 2003.

Zhu, X.Q., Podolska, M., Liu, J.S., Yu, H.Q., Chen,
H.H., Lin, Z.X., Luo, C.B., Song, H.Q. and Lin, R.
Q.: Identification of anisakid nematodes with zoo-
notic potential from Europe and China by sin-
gle-strand conformation polymorphism analysis of
nuclear ribosomal DNA. Parasitol. Res., 101: 1703-
1707, 2007.

Manuscript Received : November 08, 2013
Revised : December 13, 2013
Accepted : February 14, 2014



