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Acetylcholinesterase #%2)3}3}¥ ¢ 2 alg)
Fibricola seoulensis X174 7|8 53

By A A e

SRES: Fibricola seoulensiss] 33#52 AAdA A7 F4AH 3, 4. 5. 6. 79 g2 ¥
A 3l e Ald4g=2 4 % 10% neutral formalin buffers] 34 F 4830}
Acctylcholinesterase 4 7]4 2 acetylthiocholine iodideS 8% FEAz= 815ty wye s
HdirEd o8 A T Qv A AAA Rz ddaAe dasly A2 eserine.
Is0-OMPA, BW284C518 AH4stdvh. AlAA S #)3/3a &9 Auky Roje] Q)T TFuks}
Fapits} ol d AA S AAEE 349 2FRUADT 25S AT P47 83 g0 o
Toz FAF glon, o) FA1A AP 2AEY slte)dl HAR 2RAANTRE OF
ol et FA 3] mE A T 2 2F9l Q1% A1%Ae acetylcholinesterases}
nonspecific cholinesterase?] o 4uk-g-o] Ha=ct. F seoulensis®) acetylcholinesterase 9] &
= 8L 2AF 69 kDa, 132 kDa#] 2719 E3e] £alzjglon 7 2 69 kDa L8ui7} Fu

B o) 3w,

M OE

Fibricola seoulensis+ 325 (Trematoda:
Diplostomatidae) 8] §&¢2 T HEE 2 4xH
9] axAtel ) qwle F|AFelw o)L I g
A4 E33F Azl Rattus norvegicuse] #}ol| Al
dAEe] gz Nu=lri(Seo et al, 1964).
2 olF o] FJARE ARz EESD Ytk
B 73t} (Seo et al,, 1981).

F: seoulensis®] #3325 937, 43, 7| S
AF FAAA )5 HF39 AN AT S
< 49tz ¥ sy ow(Hong, 1992: Hong et
al, 1983), |28t FE5] F seoulensis7td o2
pdAlol A B-f-%F(reservoir host)7} o] %3}
< AEgesa o] Aty B syl =
¥ F seoulensisel] 7t9d #Hxo) i 71g=dH=
5e0(1982) Tl &l 2 u= e},

Schistosoma mansoni A 49 & T4
acetylcholinesterase(AchE) 2} choline acetylase2]
BAEE SAS o]E EAo] 24d WEHm

s STAS 19939 89 21, AN 99 209
A 8 At

Q&e] 27 =H9or(Bueding, 1952), Fasciola
hepaticas| 4= acetylcholinesterase2} nonspecific
cholinesterase’} ZA|jel] Eagtcly 8 73z
(Kavavica et al, 1971), =g S. mansori A 4]
A #A3}etA o7 acetylcholinesterases] &2
22 B wsieci(Bueding etal, 1967).

Acetylcholine2 2172 <3 (neuromuscular
junction)ell A FEA Adzt2s ALst= BAo)
= o)t Bae A7 A& el acetylcholineste-
rase?] FAe] gJom  acetylcholinesterase: =
¥ §9] 417 4] (cholinergic synapses)ejx]
=39l acetylcholine?] Esjel] 713 22§ m4e)
2 ¥ Edth(Eranksd, 1973).

A% Dipetalonema viteaes] 1z} v] 7o o
g d7AT A7 (nerve ring) 9] =&y
(axo-axonal synapses)¥} 27|37 (amphids), 2
"lAF % (phasmids papillae), %= %5
(cephallic papillae)2] ¥-9]o4 % acetylcholin-
esterase®] &Ajo] EAFZ ULL Haslot)
(Mclaren, 1972).

%2 %49 acetylcholinesterasesl] ™3l -1
a7} s} F oseoulensise] acetylcholinesterase
ol 2% AAA] ¥ FE AFRIE= gt
ole] £ dFelAE F seoulensise] ¥1}4-%3 A
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oz A& 9dsle 34 S acetylcholines-
teraseol] 24 AIFA LEE ZAsisha wgoew
FALEA T}

Mz Y

1. F. seoulensis F&|2| FH|

F. seoulensis®] metacercariaeS Q7] $J3}e] Hj
A ellA 418 - Eo] (Rhabdophis tigrina) 2] #
et F9jzAe] FAst e HiEL HE
gle] 37T°CE 1242F $4at JdF4F /‘]Zi‘:]'- B4
g Adig 5 oAFEuA sleda] ke )
(pnmordlum)? 7R 2 glew Ehis] g3 el
Ae A% FT $Asl] ) (Wister imanichi) o]
"%l%‘ﬁ”& A7) F 3.4, 5, 6, 74 €= A+

5 E FA3] 234 F seoulensis 45
Fedled A 942 33 AF¥ Fd 10%
neutral formalin buffere] 1247} ot A3 F
AAste] 2 3eA Ay g2 AM-siE

2. BA2 #E FEEN FH|

A4 A F5EY FH= AL F
seoulensis $A& A 33 A} F
homogenizer2. Fd#3 ¥ 0.01 M PBS(pH 7.
4) £4& Hol LAy HA FAFHAI o o
A] ultrasonicate (Braun sonic 1510, B-Braun
Melsungen AG)2 100 wattelA] 3027 #33s}
I 6027 YA 7)E AL 103 wbBElgdc). o
sAo] T F 0.01 M PBS(pH 7.4) -]
4°Cell 12417 W% 3 dAEested (15,000
rpm/1 hr/4°C) A= (supernatant)2- 33} &
Aol 73 FEEIdez AEslyr}. o] FEEY
o] whuld] A=k Bradford(1976)9] wpH2- o
Z Bio Rad Protein Assay Reagent(Richimond,
Califonia) & AlM-sled AJaFaley] on] shil §fefe

3.1 mg/mie) gt
3. Acetylcholinesterase®| #F A7 Z|%}stH

2

Acetylcholinesterase?] =38ty gL
Karnovsky and Roots(1964)2] whg-& wlgh 24
B Z2AE £CY /2 643 AHF F £Ce

25%. 50% glycerolel] Zy2} 6A17H4 7] sl
Aalg AMEES 0.1 M sucrosed] 0.1 M sodium
cacodylatert Eo{g)l= o 587 =g 3 A
2ol 1% CaClyell 147t 308 Sk A= 3
o A2elA 2Fe2 5E7 AMF F A% F
< 1AL A= dte] ghg 5 YA g}, ke
-2 7]-el acetylthiocholine iodide(Sigma) 5
mg= (0.1 M sodium hydrogen maleate buffer(pH
6.0) 6.5 mlel] =41 & 0.1 M sodium citrate
0.5 ml, 30 mM CuSO, 1 ml, DW 1 ml, 5
mM potassium ferricyanide 1 ml2 £z &
ato} ARgElglon, Z]ANREe] B Al BE Al
A 20% NagSO,ell 582 AalFoem -2 F
2A e}t A& A (Inhibitor) & eserin(Sigma)
BW284C51(Sigma) , iso-OMPA(Sigma)-& A3}
Hqor ]2 714 whg 1208 A A AP F
714 w7} ukgAlA = vzl

4. F7]dE0l 2|F AchEe| 29 &4 {8

7|45 Davis(1964)9S #Hzzsl FA
4 $ZEY& sample buffere] 1:42 A &
gele] 7F o 30 wX F4]3}e] Mini Protean II set
(Bio Rad) 2 Bio Rad instruction manualef] whz}
4% stacking gel¥} 7 5% separating gel-3- o]-4-3}
o} Tris-Glycine buffer(pH 8.3)4-<422 A7z
A tracking dye= 0.01%(W/V) bromophenol
blue #2H4& AREEHe. A7 AL stacking
geloll A= 25 mA, separating gelsll4& 50 mAS
Tt AZA 1A AAAZ Y. A7 B
gel-e- Karnovsky and Roots(1964)¢] ¥« wla}
W85 e sl o).

4

1. =g
Ex
il AAAE FA9 Ak 99 45
o} 2 F9)9] A7%(neural mass)el| Z}3kA HA
o] =@ FFW R AR REr) wglow 14
9 F FEF2177H(main longitudinal nerve trunks)
i 254e) F5477H longitudinal nerve trunks) %
o] Hof vyt

IR E0A AchE2| 2xfet AlZA e

Fig.1. Histochemical localization of acetylcholinesterase on metacercariae. Localization of AchE in
metacercariae treated with substrate (Acetylthiocholine iodide). x 100. Fig. 2. Metacercariae treated with
inhibitor, 104 M eserine for 1 hour at room temperature. x 100. Fig. 3. Histochemical localization of
acetylcholinesterase on F. seoulensis developed in host for 6 days after infection. Localization of AchE in
F. seoulensis treated with substrate (Acetylthiocholine iodide). x 40. Fig. 4. F. seoulensis developed in
host for 6 days after infection treated with inhibitor, 104 M eserine for 1 hour at room temperature. X
40. Fig. 5. Histochemical localization of acetylcholinesterase on adult (7 days). Localization of AchE in F.
seoulensis treated with substrate (Acetylthiocholine iodide). x 40. Fig. 6. F. seoulensis developed in host
for 7 days after infection treated with inhibitor, 10-4¢ M eserine for 2 hour at room temperature. x 40.
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ZzAA7e 342 HFAAGYL (transverse
commissure) o] 1A= gz thpe) A
g} (circular commissure) ] FEE vehve F7
TR Frtolel $Hg FFAADAE dAHA 3l
o g BEake) ddele GAe] ZehA WE
Jrh(Fig. 1). 1074 Meserine® 2 1417t &2
stggus 7)Alukgo] W AchES] whg2 719

2 2 glgen (Fig. 2), 1074 M iso-OMPA(a.

specific inhibitor of nonspecific cholinesterase) 2.

247 AL Felg de e 4§ Aele .

glevt BENF 39 oA whgo] oA e
AchE®] A7} 8- & 4 Aok Fig. 7). 23]
1} 10—¢ M BW284C51(a specific inhibitor of
acetylcholinesterase) 2 24|17t Aeze st9L q
L oBEM, TR A% FolN A dg-g
o] 1}¢} nonspecific cholinesteraser} o] ¢35}
I e 9 g slsdthriE 8).

AchE¢} nonspecific cholinesterase?] F2|3 £
X FFHb, QAF AAA Sl AchErl go] £
¥3lz 92", nonspecific cholinesteraseXx T
vk BEuh % FollA wel Fxge] ARt

2. z+ oAl U= X9 AchEL| 47}
AAHAHE 22

ol 7rel®: 242t 3, 4, 5, 6] AdE FAE
o QAT whel A9 FuiFel 34 FFAA
7r5 A AlA AR wEste] vehgGew W3R
ZoAE 2 4 $99 F27)3 (tribocytic organ)
T} v 41417 & (excretory plexus) e 42 dct. &
3 F3al, 2Euby apdAARolE A AlAA
o] i w2 AA2L FYAsn slgled A
g e @ sfauds g g S
oJ3to] T2 sl Bargk AAA EEE e
W glch(Fig. 3, 9. 13, 15, 16). &} 1074
M eserinec. 2 247t A2z Fg-&d= AchE
whoo] QA3 oA HPdow(Fig 10), 1074 M
iso-OMPAS] 10—4 M BW284C512 2417t AL
g stdeu: AAr)A dkgHE il Aelrt

glgich(Fig. 11, 12).

3. MAO|A AchEe| 2xie} MAA L T2

QF zrdE 790¢) AN F seoulensis?] A
A we Balslw & gy ARAS FRE
2 o)qth 3e) FFRAAZNE A7 A dF
o] A A Aurie] TFs} dA= gl Fiby-
= ml x4 E Ad=e] gt

A9 Ed slrtelel §A7 FFAALL o
8] garaAgge) dzde] SA=w wdAAE
£ L 25 wdsgdy QAFst Fo9) AAF =
g o wbgwE|e] oloh, mEla TE W EEdk
A x 735 dAapkge] Jebdoh(Fig. 6).

HA Y AAAE FE @Hoie Avbyel WS
sy glon AlAAY FH FAL 14 F
EZEANAZkE 298 £2FNAZes 1EE 4735
E AR o5 s AAdges AR
o] gl

104 M eserineo. 2417F A-LAe &g o
= AchEulgo] &3] oAl=s1e9 (Fig. 7), 10~
4 Miso-OMPAZ 2417t A-&A7 stgleds A4
A AukgTe qhee] Ao)rh Hz glddert, 1074
M BW284C512 2417 R4z sh-sde 5
AA7Y FAAAQAET G2} TE P M=
yl-8-2] #}o]7}t ok glsich.

F seoulensis®] A#A whge] W& AchEe] =3
A E¥E Table 1eAeh o] FFuFR Bk,
Q% FaAs|d, AAA, WA AAEe we] FE
g ubd Zo} ouol= TAE = gglth. =¥
Az A% AchEe zAA4 FEE 2 & oot

4. AchE?| =984 7Y
F. seoulensis®] 3 ¥4 #FEI95 A7|4%F
&) Fig. 179149 o] 204 kDaellA 20 kDazt
A 16709 HFo] FasHgict, 2 % acetylthio-
choline iodide2 7|32 ARE-3le] AchES] 4%
Z2A%F A7 69 kDa, 132 kDa ¥A1%-& 7131 27
9] ¥3o] =g}

Fig. 7. Metacercariae treated with inhibitor, 10-4 M iso-OMPA for 2 hour at room temperature. x 100.
Fig. 8. Metacercariae treated with inhibitor, 10-4 M Bw284C51 for 2 hour at room temperature. x 100.

Fig. 9. Histochemical localization of acetylcholinesterase on F. seoulensis developed in host for 3 days
after infection. Localization of AchE in F. seoulensis treated with substrate {Acetylthiocholine iodide). X
40. Fig. 10. F. seoulensis developed in host for 3 days after infection treated with inhibitor, 104 M
eserine for 2 hour at room temperature. X 40. Fig. 11. F. seoulensis developed in host for 3 days after
infection treated with inhibitor, 10-4 M iso-OMPA for 2 hour at room temperature. x 40. Fig. 12. F.
seoulensis developed in host for 3 days after infection treated with inhibitor, 10-4 M BW284C51 for 2
hour at room temperature. x 40. Fig. 13. Histochemical localization of acetylcholinesterase on F.
seoulensis developed In host for 4 days after infection. Localization of AchE in F. seoulensis treated with
substrate (Acetylthiocholine jodide), X 40. Fig. 14. F seoulensis developed in host for 4 days after
infection treated with inhibitor, 10-4¢ M eserine for 2 hour at room temperature. x 40, Os: oral sucker, P:
pharymix, Vs: ventral sucker. Nm: neural mass, Lt: Longitudinal nerve trunk, MIt: main longitudinal nerve
trunk, Cc: circular commissure, Ep: excretory plexus, T: tribocytic organ.
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Fig. 16-16. Histochemical localization of acetylcholinesterase on F. seoulensis developed in host for 6
_days after infection. Localization of AchE in anterior and posterior portion of developmental adult treated
with substrate (Acetylthiocholine iodide). x 200. Os: oral sucker, P: pharynx, Vs: ventral sucker, Nm:
neural mass, Lt: longitudinal nerve trunk, Mlt: main longitudinal nerve trunk, Ce: circular cormmissure,

Ep: excretory plexus, T: triboceytic organ.

a2 o] 27H2] E-&& AchEe] AsfA)el 104
M eserines} 104 M BW284C512 147} ¢+ A
A2 FEZHL FYF gelde 2709 2Ho]
Vel sdgkel. el2igt A2 Bel AchES] F
AEs FHL2 270eln L & 69 kDa2] £8e] F
3L o] R},

LA

Acetylcholinesterases= acetylcholine& 71¢3|
3] sl S Eu AN HEH] Ads
ZF=(synaptic cleft)oll EAE Fiolch, o] A
o] Ay Gdgeln ojn] A7 ByY ¥¥
o] HEFEY T BxAAA EAE, AF
AodlA FAH 2 AR A=A FAA Foll A
%)n (Rotundo, 1984). A ¥£ele] Frk&or HF
o] ZAAZ st g5 Y54 (the fast
axonal transport system)d| 2]3] e}l FHc}
(Hammerschlag and Stone, 1982). wte}x 7144
o} QAW ¥x32 e AchEx FI#¥ 4174
dA]el4 acetyicholined 7h5##lshs F23 o
g @skn A & F ek

AchEs} nonspecific cholinesterase= Fasciola
spp.old A%, FFuk D BFHr HAlAAH, AA
Aol EAckz 23 ® ¥t lvh(Probert and
Durrani, 1976). ¢l ¥ A9 ZAAM= F

seoulensise UFe} FFuF T BF4l Al A
AchE¢} nonspecific cholinesterasez} &3tz 9l
o] Probert and Dwrani(1976)2] ®wel <% 3
Aok,

AchE*= acetylthiocholine iodide 7] o) 73§t <4
Auk-go] v}en eserine?] A= 2AF QA
I iso-OMPAE ¥ A&7 Jehdr) ¢er}.
ol9} 7o FANL iR e F4 BA %7} AchE
o Felaty Aw Fedr}(Burston, 1962). ¥ 49+
A& AchEdl$2 IH3FFdAdes 1074 M
eserine® 117} Aol A2Aa s1gS w& whgel
Aot £33 g™ F 34, 5, 6, 7Y
ATG Fo A9 AAdre 242teg ALEH
g A7He dAges kg AAAFHY. ol
274 QA et g9 ExpAe] ZhA4sly]) wE
o2 AztE)e] iso-OMPAS] Az]Alg WHolE ukg
9 JA A7} elua] gl F seoulensis?] 417
A 2x F4 BAMTE AchE2] £4 dielelxn
o glr},

AchE®] %2]& 4 832 Fasciola hepaticasi| ]
5720 ¥-2] = ¢] 7 (Probert and Durrani. 1976),
Nippostongylus brasiliensiso]l ] ©. S 5.4 58e)
57 £=2]= ¢t} (Edwards et al, 1971). uide
Oesophagostomum venulosumel| A& 3718 $HR
A 3ol F=Hgm FL SHoHAME O
radiatumel| A= 2702 Y EL K] e{HUG



(Ogilvie et al, 1973). ol2gt ZAsIE T4y ww
FYY Folzkx AchEQ] F9&4 §3o] uiorsh
<+ & + slem F seoulensis oA x 2742
AchE®] §9H4 fr3e] Halsiglen 2)e) 23

Fig. 17. Isozyme patterns of acetylcholinesterase
of extracts of F. seoulensis by nondenature PAGE.
FE: Treated inhibitor (eserine 10-4 M) in extracts
of F. seoulensis, FB: Treated inhibitor (BW284C51
10-% M) in extracts of F. seoulensis, F: Extracts of
F. seoulensis treated with substrate (Acetyl-
thiocholine iodide), MW marker protein. Co:
comassie blue staining, TD: tracking dye
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% 69 kDa2] 2Ho| F 238 Y4514}
e AAL AAAE A9 Agn B
o] lFet 2 FHe| AlAEe] A o) Hx
TH FRlE AA RS} ggton 14 = &
FAATN 24 ZXAANT G o] L}e}
weh, FFA177ke) 34e FAAAG] A
UL oo FAAAF AR F2RE FR:AA7E
E A= gldh 53 md-fdolae B 4 gled
2 F3A7183 w8 Bo] wgst 7h ks
A sl FAet A dYutLe] Jston 34
9 FFAALE HAA AT AR A =t
Fo] FEu dA=E gy Fuiv= wjidAAdE
of ddZsle] glc}, Hubdo g s} sdpc)s whg
@Al o= Ao AAY AAAE TR RgE
Arbtel o5 wdso] glom fatAlAedgte] o
% dobge] Balgh A4A 2¥x 2 el glch,
FAE AAA EXe gleld Tetrathyridia
(Cestoda: mesocestoides)-f&oll = 249 = =
FAALT 349 FFAAeR T glo
(Hart, 1967). S. mansonio| A= 159 & 24
A7t 248 27702 TS )} (David

and Marietta, 1974).

Hymenolepis diminuta(Cestoda; Cyclophyllidea)
M= 149 T FFAAT 449 FFAATe
2 745l glow (Mckay etal, 1991). Fasciola
hepatica(Trematoda: Digenea)sij A& 142 &= &
FAGZH 249 FFAAZCR TS 9o}
(Magee et al., 1989). ¥ AFd4 i}4% F
seoulensis®] A7 Bxe 149 3 £&=A1A4713
249 FFAATLR TASHY gledy FaAeag
7 o2 84 Ao g d4gse] 9t} o)
T ATE B F7he) AAA FARIE Z5
o2t th4no] Aol glon} FJEAQ AAA e

Table 1. The histochemical localization and relative intensity of acetylcholinesterase activity on

developing F. seoulensis in host.

Age (days) of worms

Region Metacercariae
3 4 5 6 7 (Adult)

Oral sucker ot ++++ ++++ ++++ +++4 ++++
Pharynx ++++ ++++ ++++ ++++ ++++ ++++
Ventral sucker ++ +++ +++ +++ +++ ++++
Triboceytic organ — ++++ +++ +++ ++ ++
Nervous system +++ +4++ +++ +++ +++ +++
EXcretory plexus — + ++ ++ ++ +++
Ovary — — — — — —_
Esophagus — — — — — —
Tegument — — — — — —

Note: ++++ the most intensely stained, +++ intensely stained. ++ moderately stained, + slightly stained, —

negative reaction.
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=Abstract=

The nervous system of Fibricola seoulensis by acetylcholinesterase histochemistry

Eun-Woo Cheon and Chang-Hwan Kim*

Department of Biology, Gyeongsang National University, Chinju 660-701, Korea

F. seoulensis were obtained from artificially infected albino rats at 3, 4, 5, 6, 7 days after
infectioni. The worms and metacercariae were washed in physiological saline solution, and fixed
with 10% neutral formalin. The acetylcholinesterase (AchE) stained by enzyme histochemistry
using acetylthiocholine iodide as substrate. Eserine, iso-OMPA and BW284C51 were used as
inhibitors of AchE. The nervous system consists of three pairs longitudinal nerve trunks
interconnected with excretory plexus in posterior half, and pharynx and oral sucker in anterior
half of metacercariae and adults. The longitudinal nerve trunks are interconnected with
transverse commissures and numerous circular commissures. Considerable numbers of circular
commissures are interconnected with longitudinal nerve trunks lying on the surface of the
worms. At each stage of juvenile worms, AchE and nonspecific cholinesterase activites were
observed in the oral sucker, ventral sucker, pharynx and nerve system. Isozymes of AchE in F,
seoulensis were separated into the two bands, 69 kDa and 132 kDa. The major band was 69
kDa.

Key words: Fibricola seoulensis, acetylcholinesterase (AchE), nonspecific cholinesterase,
longitudinal nerve trunks, circular commissure, transverse commissure, {sozyme
[Korean J. Parasit., 31(4): 321-329, December 1993]
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