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ABSTRACT

A horizontal starch gel electrophoresis for enzyme
proteins extracted from three Korean species and
one Chinese species of Semisulcospira was carried
out in order to elucidate their genetic relationships.
A total of 10 enzymes were employed in three
different kinds of buffer systems.

Two loci from each enzyme of GAPDH, GOT,
ICDH, IDH and PEP(VL); three loci from each of
three enzymes, EST, PEP(LGG) and PGDH; and
five loci from GPI were observed. Most of the loci
in three pleurocerid species employed  showed
homozygous monomorphic banding patterns and
some of them were specific as genetic markers
between two different species. However, EST-2,
PEP(LGG-3) and PGDH-1 loci in Korean S. libertina
and PEP(LGG-3), PGM-1 and PGM-2 loci in
Chinese S. libertina showed polymorphic banding
patterns.
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Three Korean Semisulcospira species including S.
libertina were more closely clustered in a
dendrogram within the range of genetic identity
values of 0.818-0.936, and these clusters were
lineated with Chinese S. libertina at the value of
0.621.
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¢ #ats peEeA gho(McLeod et al, 1981:
Rudolph ¥ Burch, 1989; Hoeh, 1990), #=4t 37
B @3 By 32 g2 oo 54 G4
digt Eaghy H7|d%E dF2E Chung and Burch
(1983)% Chung (1984)¢] 478 ¥ 4 Utk 282
shar, o2 ofuk S|4 Aald €97 3 (Bithyniidae)
3% o3t allozyme o] 2 u}, 3 Fzke] FHA A
gl7b de& yalAl HAdx, o) $=(Parafossarulus
man- chouricus)® 2% 7|3 %] GOT locuse] Weo
7} dimeric pattern2.2 5ol deht ol FEF
(Clonorchis sinensis) Zt%3 @& 05& vl »f Sidh
Kim and Kim(1990)-& P. manchouricus®t Bithynia
misella= 3¢ FHAg7 AA=HY B, kiusiuensis<
B. misellast $%c9d 7ks4E AAsidd. 53,
Kim(1986)¢ 23] Semisulcospira gottschei®| & #
714 % A}t 289 w9 ov] Kim(1995) &34t of
%7152 4 f43 WolE dolun AF EF¥AH L
AE A3l Ystd &S5 55 ¢ A71AdEY vk 3
o}, Lee et al.(1996)2 243l AA3s= S. gottschei
& dj4to= esterase T4 E4L ol & A vt glon,
2AF ol Eballo]ahe] 3Fo o3 A TAHAE
F3% EI(Chung et aL 1995)7} slgich. =3
Chung et al.(1998)% 4t =97 ol3 2F oA F
o] i WolF n|isle] 2% 7J° FE3 414 Agrt &
AdE &g # A %"J” 3“%"‘4] 435-} dTtE2s
Euphaedusa fusaniana®l 71|
dfgk wlw 2 (Hwang-Bo et aI.. 1993], Acusta
despecta sieboldiana® A g% Fuj Wold| #3 A
(Lee and Kwon, 1996)7} 9t} 12y 2|89 F24 =
= AadBesd g 7kxs) AT e v de
7] 3H(Pleuroceridae) W F= 2| 2|A Wel7} Aste] o F
of digt BFAA7 Fujs £yd v glon o] A7
4% AYE 5 #3334 TAWAE FHT A¥e 2E
o E2a}c}.
2 dy= f27 Yyl de] EEsia JoedAx dHF
g4 ZEsE 2F3% &R 3F, £, %—T—E4¢7I[S
g4k g&

tegulata), 34 ct}&7](S. gotischei) Y Ak 71(S.

libertina)® =4 o+&7](S. libertina)el] o3t sk
M7 AEAE vlwdle] 0|59 FAHEYA ZAAE TH
szl & 7o)t}

Mz 2 gy

L J&715%9] A3

A7) $euztel ExHe] o o= ghd
o] folslz %L &7 3F F FFEtHE7|(Semisul-
cospira tegulata)e A$413(1992d 9Y)dllA, IAE
71(S. gottschei)s 2#(19989 2%)o14, @FAk the7]
(S. libertina)= 7419904 8¥)dlA Zzh A3l H 3L,
ZZaF th&7)(S. libertina)E H3Ad oA 1997¢ 7Yl
AA H o] B AF e ALg-5 gl (Table 1).

2. Eachd A7) 4F

A8 72 GEZ1FE A NS ATl g2 a7t
AARD $2471 92 2L vjolA e APAE do F
2% 7% 9 718 71AF 249 ARE 9% o5, ¥F
o AASHE ddsd 234 U&EE AA] A
o|E7F 71 F, -70°C deep freezerd] BEstdcizt A
Pe Agsidc. A7GE5E AT 4 AL A $=

200te] 4 AHg-dlen A7 vsd 74 AR AAEE A
25’3]'“:] 31‘!7"]"“]' ﬁi}ﬁe ﬁ“}]ﬂ' r’l'T:T "“T‘r—- '-\‘.F"TE!")‘i
2-33 $A8q A Agd. 7 AREE 5
grinding buffer(Tris, 1.2 g; EDTA, 0.04 g; NADP,
0.01 g; NAD, 0.01 g: B-mercaptoethanol, 0.25 ml;
in 100 ml D.W. pH 7.0%% %7 Potter S
Homogenizer(B. Braun Co, Germany)£ 1,500 rpm
oz o 587 B F 2 A FEd(extrac)F
20,000 x g2 YA A& Aol 479 4
e Alg 50 wH& 10 x 3 mm Z7]¢ # 3 filter
paper 27t FAA H7GF Ag2 g 13%
starch gel(38 g Connaught starch in 300 ml gel
buffer) Aell4 3714 o2 buffer system$ o] 43¢

Table 1. Snail specimens of genus Semisulcospira collected from Korea and China.

Spemes Localities collected Date collected Habitat Catalog number’
S. tegulata Jinwichon, Kyunggi-do Sept. 20, 1992 River [UMC111-130
S. gottschei  Chunchon, Kangwon-do Feb. 25, 1998 River [lUMC 151-170
S. libertina Keum river, Chungnam Aug. 10, 1890 River [UMC 91-110
S. libertina Anhisung, China July. 20, 1997 River IUMC 131-150

* Catalog numbers recorded as Inha University Medical College(IUMC) voucher specimens.
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Table 2. Ten enzymes assayed in three different buffer systems in this study.

Enzymes (EC No.) No. locl Abbreviation Sﬁj,gftger[]
Esterase (3.1.1.1) 3 EST LIOH
Glyceraldehyde phosphate dehydrogenase (1.2.1.12) 2 GAPDH LiOH
Glucose phosphate isomerase (5.3.1.9) 5 GPI Poulik
Glutamate oxaloacetate transaminase (2.6.1.1) 2 GOT LiOH
Iditol dehydrogenase (1.1.1.14) 2 [DH Poulik
Isocitrate dehydrogenase (1.1.1.42) 2 ICOH MC
Peptidase (LGG) (3.4,11) 3 PEP(LGG) LiOH
Peptidase (VL) (3,4,11) 2 PEP(VL) LiOH
Phosphogluconate dehydrogenase (1.1.1.44) 3 PGDH MC
Phosphoglucomutase (2.7.5.1) 2 PGM MC

1571219] Eaghig #H7|9F dich A" buffer
system-> MC, pH 6.0(Clayton and Tretiak, 1972),
LiOH, pH 8.1(Ashton and Braden, 1961), Poulik,
pH 8.2(Poulik, 1957)°|gich. #7952 AA Yoz
bromophenol blue %44(0.1% 7+ $4)& A3
o, gel 3 25 mAstA 4FAIZISLH Poulik buffer
system3} LiOH buffer system& A'#H-& &5 %A
3 em = AH4 MC buffer systeme 6 cm H+&
AMe A5 Agsigic, 72t Bae 712 9 94 £
€ Shaw %  Prasad(1970), Siciliano and
Shaw(1976), Wurzinger(1980)¢] el =skc}.

3. A 2y

A7)d 54 4= g O3 fFAA s A4S Ayala et
al.(1973) ¥ Ferguson(1980)¢] & wsid. =, &
71 4% AAdA FF =E ST For 7P} e Y
H 2H(locus)e 12 3, oF £ $¥E 22 AA3
93, 7}t locus? allozyme(allele)> Rix|& A 4kste] <,
£ Zo= 7p4 4We % AL a2, I d5E b=
FA)5bglch, 285 gel banding pattern22 7} locus
o] o3 $dA W x(allele frequency)E T3t °lel ¢
3t genetic identity®} genetic distance(Nei, 1972)%
T-3}e] UPGMA(unweighted pair-group arith- metic
average clustering method, Ferguson, 1980) <
2 2 79 fAARE A4rsle dendrogram< 243}
st

Zz o

g4t ohgr] 3% 9 FH4b 7] 152 3704 o
buffer system®2 107}A] Eao¥& H7|45d 4

M

% 26 locidlA FEF H/|dFA4E 4& & A
F g2 AFA4E dAstdE Fig. 1649 Zd 2 #
Qaozuy A4 locuss 4 9 2 Eawh d79%
o] A3 buffer system Table 2°| FAlE uigh 3

t}. %, glyceraldehyde phosphate dehydrogenase
(GAPDH), glutamate oxaloacetate transaminase
(GOT), isocitrate dehydrogenase(ICDH), iditol

dehydrogenase(IDH) ¥ peptidase(PEP(VL)) el 4+ 2
7k 2719 lociE, esterase(EST), peptidase(PEP(LGG))
9 phosphogluconate dehydrogenase(PGDH)| A=
z+zt 37)¢] lociE, glucose phosphate isomerase(GPI)
A4 & 5 loci® etdlgleh. o F 26 locicld 3 &4
A alleled) 4+ ¥ REAg o/ 59 FHA HlE(allele
frequency), & o|%(average heterozygosity)<
Table 3¢l A|4Hs glct.

g ie] lociy % Zor FIsg RS 0.06°
A 0.77 Yl £3%en, ICDH-2, PGDH-2, PGDH-3
nlo] & Zow =3sjglw RPEL 7H7t -0.26, -0.086,
-0.0901 e}, dlRE2 locidlA 2ozl alleleg2 Ol
¢lo] 8% monomorphicd F% S4S Bgx E3d
nyate E7ke] FEg o] F Mol genetic marker
249 4¥ube Yo FIA s T4 BE7F
3% 37| ckel] uls) A7|dFAbel W Aol E mAow, T
7% t}&7)e] EST-2, PEP(LGG-3), PGDH-13} =
4k ©4&719]  PEP(LGG-3), PGM-1, PGM-2¢4gt
polymor- phic# allozyme Wel& velgleh H+
hetero- zygositys AHH A deA e FFEHE7I% &
A AdeAe FAdEr|dAE 0, F4AFNAY T=
4F 7] gk 34 d&ldA = 27 0.059 9

ojate] ANE Fistd FFA f&rF 3F 3
FZA4 o] Aole A £d BAIE  genetic
identity(%} genetic distance(D)9] o= AAbs] 2,
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Fig. 1. Zymograms of major enzymes of three species of Semisulcospira: A, isocitrate dehydrogenase; B,
peptidase(LGG); C, phosphogluconate dehydrogenase; D, phosphoglucomutase. Abbreviations: JW/S.t= Jinwichon
population of S. tegulata, CC/S.g=Chunchon population of S. gofttschei, KR/S.I=Keum river population of S.
libertina, and Ch/S.I=Chinese population of S. libertina.

Table 3. Allele frequencies and average heterozygosities at 26 loci in three species of Semisulcospira.

i Allozyme S. tegulata S. gottschei S. libertina S. libertina
(allele/RF) (Jinwichon) (Chunchon) (Keum River) (China)
B a (0.58) 1.00 1.00 1.00 1.00
Ral] h 0 0 0 0
a (0.38) = = 0.40 ND
EST-2 b (0.32) 1.00 1.00 0.60 ND
h 0 0 0.40
s a (0.10) 1.00 ND ND ND
h 0
» a (0.50) 1.00 1.00 1.00 1.00
GAPDH-1 h 0 0 0 0
GAPDH-2 a (0.18) ND ND 1.00 ND
h 0
GPI-1 a (0.34) ND ND ND 1.00
h 0
GPI-2 a (0.32) ND ND ND 1.00
h 0
a (0.26) ND 1.00 1.00 ND
GPI-3
h 0 0
y a (0.22) 1.00 1.00 1.00 ND
GPI-4 h 0 0 0
S a (0.14) 1.00 ND ND ND
h 0
a (0.56) 1.00 1.00 1.00 1.00
T_
GOt h 0 0 0 0
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Genetic [dentity (I)

0,936

— S. gottschei (Chunchon)

0.818

0.621

S. libertina (Keum river)

S. tegulata (Jinwichon)

S. libertina (China)

Fig. 2. A dendrogram showing genetic relationships of three species of Semisulcospira.

genetic identity7} 0.581-0.936 ¢l 2 et °E
5759 genetic identity® vlas] 2, A3
ZAA e TAgEr|s dEr)zts 0.93622 A9
+astdn A A9y FFEFE7IE o3 0.847
gl 0.7892 & Aol ol sheh. 2y FHAt de
7]9k= z}7} 0.646, 0.636 W 0.581= rtel} F7ke] F

gg Ao & Rgich(Table 4). °|F 3%, 4xdztel A3t
g, A8 TdRAE 259 genetic identity e

7122 %o dendrograms}tste] 2w, &3} Al
ool FalctEr|et t}&7)7bel= genetic identity kel
0.9362.2 3ol cluster® o|ojHE, o]Eo A
genetic identity %t 0.818¢]4 232 FFFc&7]9
clusters 82, ©]E°] thA] genetic identity %k 0.621
olAl FFH4 719 clusterde] I d&7|Fe F
7 5244 A"e s e FE4 gerige §

2 17 AE deid Adee & & ddFig. 2).

T2 =1

de7lfE felele) dads Ao 5
pxEaln glos, &L A AEF ¥ 2eF
39 A% 20479 AU AEd e FaAdT I
g4 AFFolch Kim et al(1986)& ¢ $=F 17
o4 718 ARete F3F A0lH3 A9YdE 2

At wl, g3k EFY fuliE FES B
sk, 28y d&r| e $53eE At 9
o7} Astr] W&ol Fo 7ol A AL ¢ £ ,Jtl-
ols} zro] A zhHo] Holx| 7] WEel £ ATeA
o5& M7|dEsd £7H FuUlY FHEL W€ BA
A & Ao, E3, A P FFA4 9£7I6S
libertina)®] %+ WolE ®wzl & 72 29 sle 4
Zie| o,
Fachy Ayl Fed 9T frAH = (genetic
identity) A4 el ¢lel AbollF(sibling species)> 2 7}
0.626(F33%% 0.539-0.777 H3) Axelx 5AF
(distinct species)& 0.567(F% 5% % 0.300-0.833

)= rug vl gch(Ferguson, 1980). £ A4 -f;_‘*
Az el A e RAcEr)g AN FFA de7|e
FALEA7E 0.93622 Hl$ ke FAHdE #HA 8

BRaA AAEs 879d, 2y A FFEHE
719= #AEA 7} 0.81824 7H7bE fAAE # ‘ﬂsd
o, BF4AF d&r|Re FFHA el fAE A7
0.581-0.646 W $]o]o}AH o] 5L Ferguson®| FAHFFE
of tfgt EAE] o WY ol FAHEE & & AU
2R gerle dEF3F HdAgeA Y= dAEFS
v]-8-Z(microcercous cercariae)? &L #elg w}
o Edgle] HF FUsFEAMY 948 ¥ Fo]
Ao, a2 gF4k d&rld A HFF A= A
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Table 3. continued

L Allozyme S. tegulata S. gottschei S. libertina S. libertina
i (allele/Rf) (Jinwichon) (Chunchon) (Keum River) (China)
a (0.52) 1.00 1.00 1.00 1.00
GOT=2 h 0 0 0 0
a (0.20) = = = 1.00
[COH-1 b (0.13) 1.00 1.00 1.00 =
h 0 0 0 0
a (-0.26) 1.00 1.00 1.00 1.00
|CDH-2 h 0 0 0 0
a (0.48) 1.00 1.00 1.00 1.00
gl h 0 0 0 0
e a (0.43) 1.00 ND ND ND
h 0
a (0.77) = = — 1.00
PEP(LGG-1) b (0.73) 1.00 1.00 1.00 -
h 0 0 0 0
PEP(LGG-2) : (0.66) ND ND ND 1.80
a (0.46) 1.00 1.00 0.50 0.40
PEP(LGG-3) b (0.41) = = 0.50 0.60
h 0 0.50 0.40
¥ a (0.68) 1.00 1.00 1.00 1.00
PEP(VL-1) h 0 0 0 0
U a (0.43) 1.00 1.00 1.00 1.00
PEP(VL-2) h 0 0
a (0.19) = = 0.40 =
PGDH-1 b (0.11) 1.00 1.00 0.60 1.00
h 0 0 0.40 0
I z (-0.06) I‘SO ND ND ND
— a (-0.09) 1.00 ND ND ND
h 0
a (0.41) = = - 0.40
PGM-1 b (0.37) 1.00 1.00 1.00 0.60
h 0 0 0 0.40
a (0.09) 1.00 1.00 1.00 0.50
PGM-2 b (0.06) = £ = 0.50
h 0 0 0 0.50
;‘L 0 0 0.05 0.05

Remark: Negatively moved monomorphic bands were observed in ICDH-2, PGDH-2 and PGDH-3 loci.
h-heterozygosity per locus, HL=average heterozygosity in all loci, ND=not detected.

Hol szl uprh gl Wl= A ¥ (susceptibility test)e] A heterozygousdt Eawh E344g wgid

g3 F7EE ¥ 4 gl oyt fAA4 fAE= 2 dAFE Fa dde] EE:slx sle FAGEI(S
Bol Wl yhi5ie] 9l gottschei)®t £F5t}&71(S. tegulata), 2%°] ©&7](S.

o4t th&r]el EST-2, PEP(LGG-3) % PGDH-1 libertina)®] FW 2 Ackzte] FAA el 03] 747ke fAF
loci®} =4t ©4€7]9] PEP(LGG-3), PGM-1, PGM-29] He Rgon, uF EFo|gt & xotx Aeow i
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go|zl 24ch(3Fe 7% FF GHA)AY 7]
(S. libertina)= £33 fAdHez @& Ao]& B
agee z2A Welzt A7 ol & &7l #HT EFFH
A AH et aFEEe 4 F UdH

4 E

et Aol el REsa glowiA
(trematodes)®] 7t &5 4L I
(pleurocerids) ¥, ¥4t o€ F 353 Fx4 d<7
150 g Ay 2d #AE FAso o5 dF
A% BEo 7|22 veslaal Eagy H7|dES AE
stedoh, 10%9 A4S A 712 8] buffer system2
2 H7ldEd Axs aoksid oS3 ot

GAPDH, GOT, ICDH, IDH % PEP(VL)e|A+= zbzt
2719 loci&, EST, PEP(LGG) ¥ PGDHelA+= Zt7t 3
/el lociE, PGIdA+= 5 locis dehde] & 26719
lociel] ©j3 #4 o] 7p53skgdct.

g B2E22  Jocie 3%z M= FYAHS} 48
monomorphicdt &4 2HAE Bo 7t RE4E F
genetic marker24 9 9%-& & £ 3lsl2n, allozyme
Ho| & wel FAb d&r| FF4t &7 F 3F 33d
of wls| H7ledFAtel @& Aol BAoH, FAAHY
g4t <& 7]2] EST-2, PEP(LGG-3), PGDH-13 %=
4k g7l PEP(LGG-3), PGM-1, PGM-2°4
polymorphicd allozyme W] & vrebui it

a4 de7|R 3F 33T Aeld fHA4 fA=
(genetic identity)*| 7} 0.818 0 936 W=z 7| 717}
¢ ZAFAE Bgow, o|EL FIH4A d&v|} FHA
+Al=x] 0.6212 4% clustcril o] Agdt fH=H A=z

4

£ fAstsic,
I4sl Aste weh deld 9L T #24 Ao
g ugen, 23 #34 devlsh FFA devle 2R
a4 AAEs} 299¢ ¢ 4 A
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