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A8 {934 SAAHEPD, Ao AR kA TE
ZAlslgl om  spectrophotometorE o]-4-3te] pH
¢} =9 gk § &xe 545 FPapgch

ME 3wy

1. dEx=
2mE7bg: 58 5o| (Rhabdophis tigrina) S




Foted Atz sl de HEedTERT
e AU o4& TR AN 2¢EA 5
m ZHeolZ A} AF 200 g2 I (Wistar
immanichi albino) | 1F772t4E AlZch 44l F
125 =% IAE sFete] ssprAdA H3d
&3t2rbe sl e 24 e
s~=H 271 A6 Bpd rav 2ol #
* AMBR ARSI

MED FERAA sF A2 2m=2rbed
el A AFATHAAA 3F F AFos 2
& FAF st frA7A elx A7)
o i W F HANEE HAd o 4S5
A, Asdd. fHUdE T A¥ARE A
£3hsiet,

Wt A elA 2L sstzobge Ays) A
TRHANA Tl D 5o 7 A9de 4%
AWer ©9ED d¥E= 0.01 MPBS(pH 7.4)¢l
Wel —70°C WEAdel n3Y F A/d5E Ar
2 AHgsglet,

g 4o

2. EAEHEEN M

AsHHe| HE: 4o}l gle FAE —25°ColA
embedding matrix® JEFEvjsle] YEFAR7)
(Reichert Histo Stat)2 8§ um FA¢ Y2
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49| ZH: Lactate dehydrogenase(LDH)
Aul-2-2 tetrazolium salt procedure(Lojda et al,
1979)¢l et AAL4-H(0.1 M phosphate buffer
pH 7.3 20 ml, 0.03% nitroblue tetrazolium 20
ml, 0.05% NaCN 8 ml, 1% MgCI2 8 ml, D.W,
16 ml)-& Fulstsr, o] A#-g-4 20 mldl NAD +
30 mgs} 1 M lactate 2 mlE H7}A)7] ¥k-g-o (pH
7.4)% A FH7leld W& A 37°C FAll
A 3083 -&AA LDHS A& A AFshdch.

Malate dehydrogenase(MDH) ‘#ut-g-x
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WEAZ F34 AES DAY (mortar and
pestle) 2} Z2-S-3#4)7) (ultrasonicator) £ 73 5}t
% 15,000 rpme 2 4°Cell4] 23] 4185t A}
AYE HU, o] FANL £CollM 2447 Fot
0.01 M PBS(pH 7.4)% FA3dc}, s-~a27}
w, r29E27lE, AFY ARGE dd A
the, A 200 pg¥ FZe] ¥HE ARE dE
A I ARE FT(well) o]l F1I5k4 ), Ao
%< 7.5~15% polyacrylamide gradient gel-$ ©]
484 A

A 232 93 native MW, marker(Sigma)
£ AM2st83 0.01% (w/v) bromophenol blue ==
49& tracking dyeZ A Alg-3lglch. 4°Colia 3
mA= 13X7F E<b ANAZ] Algel) S ohex 32
S o2 whgAA Lauks-Algc)

LDH, MDHe| Z£Q&4 523 ZAzad
(simultaneous capture method; Jakoby, 1971)el
o2} 1 M sodium lactate 10 ml, 1% NAD+ 10
ml, 0.1 MNaCl 10 ml, 5 mM Tris-HCl buffer
(pH 7.4) 25 ml, 0.1% PMS 2 5 mlg 4l& &
T2 #v)3 ohg, LDH gd4ukg-2 o] Egy
102.5 mlel] 1 M lactate 2.5 mlS #Hr}sle] ul-&-
A& wrEx MDH 942 1 M malate disodium
salt 10 mlE 412 wHS-H2 whEo] o] £
37°C Aol 30%7F AL 7hzh A2HkeAA 7t
THELY f3F BxlEg #styo).

IEFo| e|8t EXA: IEF(isoelectric focusing) =
Hames method(Hames and Rickwood, 1990)Z
HYsled 2.7% pH 3.5-10 native gel-S o]&3}o]
30V, 50V, 80ve] AstelA =g 147k, 1A4)17F,
15217t 59t A7 5L ANTG & r-2d=27F
3 Aol FEA|FE MDHS 534-¢ Allen and
Hyncik(1963)¢] ¥ 3} simultaneous capture
method (Jakoby, 1971)& ©]§-3te] &latgict.

Hol| ChEt =A9 QbME: A& AbAleg- 85°C
dA zZtzb 102 ZHAe g 942 (10&, 20%&, 30
Z, 402)% 95 dHE2TE T 50 N8EE
geloll Z=slste] 12.5% native PAGEE o] 83}¢] 3
mAZ 1447 AAARG. 85°CE dxx
sample gel> FA T A wiz} MDH #A4}e)
+ Flslgc).
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3] 37TCAA 307 F¢ A2NHEAR T
MDH #4-& A5t
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252 ¥¥: 0.1 M Tris-HCl buffer(pH 7.4)2)
MDHS®] Z|d 3} 453 §39 35U 449
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60°C. 70°C, 80°C 3s}eild] z+zh 3087 A-2ube
A7l 2§ 0D g& A3

4o ANEAE 24 V)9 Fel ALY -~
H27HES 459 494 Blo-Rad?| manuald)
et AE ARt MDH 24 2313}
9% 0.1 M Tris-HCl buffer(pH 7.4) 1 ml, NAD
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B 10 pge] o] e AA Y} Egsle] g
% NADH %% 340 nme] s}ako 2 20%7F 243}
At &4% 0D S BEFTAeA Qgyapez
Baate] T 10 pg Fol EolUe mAvt
37°Cell A 14 Falel N4 33 YAE 1 ng
& 1 unitz A} e]dle] FA % (activity) S w23ty
om, o] Ag-E 53 AAlsle] BAAE s
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1. ZXEH g2

LDH: =X ¥ %3 LDHE: nitroblue
tetrazolium=} PMS(phenazine methosulfate)] £
F whge= ke 44 ¥ =vlzk(formazan)
o] FAFe] FAFAZ el LDHY fAuk
+2 53 4% ¢ 9 5l2%(subtegumental
musculature) ol Az ZshA Yeyten Axgz
(parenchyma) el 93822 v)wsle] o3}
vehdoh, 2 S EedMe r-ag201e T A
FlA s deldA] gkgron}, s-AgEslEdME
F8A whgEtd s, 5o 84 zlel: A9 ¢
AchFig, 1, ad). £ AFerx HA7e) 84
ol W glelon, 3 AF 2T us
FolA ok 2AFel wE g ubgo] welE gl
ch, A4 sl AAA Y A2l tha
74% <fdub-go] Yehytoh(Fig. 1, e: Table 1),

MDH: MDH2] =AW ¥I= FErepxlez 3
Axle] ANeg Jepgon F3247)0E s~
253 2020 e BF 99 &) o9
oFdubge] vehden AYZZoMw oF7re] of
Aukgol Qlglck(Fig. 2, a-d). s gu=
oA SAduk-gso] veld whal sl EddE 7}
T Fuee] Jehd, 535 migd<dA] ARz
FollAde o2 f#AY AR e o
ghgo] velto o] AAFBE Ao Z y)xd
M AddaEe] akAdwh-go] velydch(Fig. 2. e
Table 2).

2. W7|1FS0| o8t F9EA EY
LDH: LDHY FHELFH2 s-AT2 75N

271(87 kDa, 45 kDa), r—=327}5dl4 47 (87
kDa, 45 kDa, 39 kDa, 32 kDa), A$eiA 274
(280 kDa, 45 kDa)9] #3&e] Zzt Relxglen]
45 kDa F¥o| {53 J3er TELE e &
A Ao, F¥E (major band) & o] 2}, 1-
2R271gA] 409 EHoz ©E £39 F4
o vl& thx S BYo] =9gen, 33 4
F7e A 84 Aol YAtHFig. 3).

MDH: s-2%=27}% r-An2r7pEs AEe) =
Aol ¥Ex3= MDHY FHise= 27 270(66
kDa, 52 kDa). 370(140 kDa, 66 kDa, 52
kDa), 470(280 kDa, 140 kDa, 105 kDa, 58
kDa)9| & o] 22t RelHgict o] & s-2ntEr}
o r-Ag27bEdA 52 kDa 23o] ZEHe g
FEEHE o] F9en, Aol 140 kDa 3 o)
r-2%27bw% 35 FYolgen, Fryoz
e}, s-ag2rlgd wlE r-29E22b e A
ol A)5= MDH 298542 #Ao] A4 =4 o}
et (Fig. 4).

IEFe| 23] 3| EAlst= 471¢] MDH E8 &
2E9 FAHEPDE 22 6.0, 6.5. 6.7, 7.1°1¢)
Lu olF F Pl 6.0 ¥£3o| FLHL o]Fd
(Fig. 5).

44 Fx)5l+ malate dehydrogenases] £¢
EAE 85°ColA dXe slge o oo 29
E47F 10% o|ulel] FAs) 2848 Hgen 3
(105 kDa) 32 it 9Ae] £ 302 A
A|74A] wlekshel GAe) el 9l (Fig. 6).

3. SpectrophotometerE 0|E% g4z 53

pHe| ¥&: MDH %£984% pH 4~107H7]<)
T AT SN A5E pH 63 pH § Alo]el4
A4o] wkort, 2%=271EE pH 73 pH 8ell4]
oo, 2Ry #35 4% =F pH 7oA HH)
FAHS Yehiglen, pH @2 S AR
zte| 7} viebdel(Fig. 7). =k f3elA B} g
N o] Fghel,

2z ¥%: MDH ZAo wigh 24 &xe] of
ol {57 AF 2F 40°CelA Ho) BAHEE
vehligd s, 40°CE 71Ee g 259 Alsol| aje}
A x7} Folz ot 50°C olake) exod] A
=7t FA%A A=Az, B8] 80°CellAe kAl
3 2&8A 3 Holck(Fig. 8).

Y5 pH 7.4% D& 2oL 40°Colla] =
2%+ MDH 2 o) 84 % [maximum activity (unit) ] &
A& 108003, r-~Hd2rlE S-AvlEss
ola] Ztzk 24 5, 19.42 ~¥27}% woh AEofA
A F2 $4S egit)(Table 3).
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Fig. 1. Histochemical localization of lactate dehydrogenase on the sparganum and adult worm of S.
erinacei. a. Snake sparganum (80 X), b. Snake sparganum (400 x), e. Rat sparganum (80 x), d. Rat
sparganum (400 x), e. Immature proglottid (80 x), f. Immature proglottid (400 x), g. Mature proglottid
(80 x), h. Mature proglottid (400 x), i. Gravid proglottid (80 Xx), j. Gravid proglottid (400 x). T,
tegument; SM, subtegumental musculature; PM, parenchymal musculature; CC, calcareous corpuscles;
TS, testis; V, vitelline gland: EG, egg: N, nerve trunk; LM, epidermal longitudinal musculature; GP,

genital pore.



Fig. 2. Histochemical localization of malate dehydrogenase on the sparganum and adult worm of S.
erinacel. a. Snake sparganum (80 X), b. Snake sparganum (400 x), ¢. Rat sparganum (80 x), d. Rat
sparganum (400 x), e. Immature proglottid (80 x), f. Immature proglottid (400 X}, g. Mature proglottid
(80 x), h. Mature proglottid (400 x), i. Gravid proglottid (80 X), j. Gravid proglottid (400 x). T,
tegument; SM, subtegumental musculature; PM. parenchymal musculature; CC, calcareous corpuscles;
TS, testis: N, nerve trunk.
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Table 1. Relative amount of lactate dehydrogenase activity on the sparganum and adult worm of S.

erinacei
Sparganum from Adult
Tissue
Immature Mature Gravid
Snake Rat proglottid proglottid proglottid

T + - - + +
SM +++ +++ ++ +++ +++

PM + + + + +

T, tegument; SM, subtegumental musculature; PM, parenchymal musculature; +++, intensively
stained; + 4+, moderately stained; +, slightly stained; —, not stained.

Table 2. Relative amount of malate dehydrogenase activity on the sparganum and adult worm of S.

erinacei
Sparganum from . Adult
Tissue
Immature Mature Gravid
Snake Rat proglottid proglottid proglottid
T +++ +++ - - -
SM +++ +++ +++ +++ +++
PM + + ++ + +

T, tegument; SM, subtegumental musculature; PM, parenchymal musculature; ++ +. intensively
stained; + +, moderately stained; +, slightly stained; —, not stained.

ke M SS RS AD «o- 2 =
' ‘ B -«

GEAFRFE "4‘31}%'3? 8 shde) 24
o] §1¢1 AXZ Fal TErE B Al 23 GE
< 3 ﬂra]-(Pappas and Read 1975). F=rd <4
i l% A2 zAAZWeAA BfE g ook
2o AFAY AL A HFPH2E TR
"%E.-__. g2 o] oA Ate] o)L=}
(Pappas and Read, 1975: Bryant, 1978).
Rhaman and Meisner(1973)+ H. diminuta
(Cestoda) 9] @dFo|a] AbAg7ate Fagle] A4t
T} Zal4le] AL B wslgien, Kwak and
Kim(1992)-& 2k&ed 32| LDHe} SDH7} v}k
o2 Fxsle] AAm sAldbe] HHPE Masta
v} Barrett(1984)3= S. dendriticum®]| %3} A
zA oA #HE Az A4 Saldbe] HHFG e
v} 22 &9l S mansonoides?] Z3 |AE 7|5
Aol At Aatml a4t 28] 4] FHYL ¥

&

Fig. 3. Isozyme patterns of lactate dehydrogenase
on the sparganum and adult worm of S. erinacei.
88, snake sparganum; RS, rat sparganum: AD,
adult; TD, tracking dye: kDa, kilo-dalton; M,
marker proteirn.




Fig. 4. Isozyme patterns of malate dehydrogenase
on the sparganum and adult worm of S. erinacet.
38, snake sparganum; RS, rat sparganum; AD,
adult; TD, tracking dye; kDa, kilo-dalton; M,
marker protein.
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Fig. 5. Isozyme patterns of malate dehydrogenase
by IEF on the sparganum and adult worm of S.
erinacei. TP, Coomasie blue staining of total
protein(adult); PI, isoelectric point; M, marker
protein; AD, adult.
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Fig. 6. The stability against heat treatment on
the isozyme of malate dehydrogenase in adult
worm, heating at 85°C for 10, 20, 30, 40s
seconds, respectively. O, control; 10, 10 sec.; 20,
20 sec.; 30, 30 sec.; 40, 40 sec.

Table 3. Enzyme activities of malate
dehydrogenase on the sparganum
and adult worm of 8. erinacei (mean
+ SE)

E e Activity (Unit®)

5 Snake Rat Adult
Sparganuin  Sparganuim
MDH 1944+ 12 245+ 08 108.0+4.5

alOne unit: The enzyme activity was defined as 1
ng of substrate produced per min. at 40°C with
10 ug crude protein of the worms.
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Fig. 7. The effect of pH on the activity of malate
dehydrogenase in r-sparganum and adult worm.
® — @, adult; O — (O, sparganum
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Fig. 8. The effect of temperature on the activity of
malate dehydrogenase in r-sparganum and adult
worm. ® — @, adult; © —— O, sparganum
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=Abstract=

Localization and characteristics of lactate and malate dehydrogenase in the
sparganum and adult worm of Spirometra erinacei

Kee-Hoon KWAK, Eun-Woo CHEON, and Chang-Hwan KIM*
Department of Biology, College of Natural Sciences Gyeongsang National University, Chinju 660-701, Korea

This study investigated the enzyme histochemical localization and characteristics of
lactate (LDH) and malate dehydrogenase (MDH) related with the oxidation-reduction
metabolism in the sparganum and adult of S. erinacei. By enzyme histochemical assay,
activity of LDH was strong in the tegument and subtegumental muscle layers of the adult
and sparganum. Activity of MDH was strong in the tegument of the sparganum and
subtegumental muscle layers of the adult. However it was weak in the tegument of the
adult. By electrophoresis, 45 kDa band was major and common in LDH of adults and
spargana. The 150 kDa molecule was the major and common band in MDH of adults and
r-spargana (from experimentally infected rats). By isoelectrofocusing, isoelectric points (P1)
of 4 MDH isozyme from adult worm were 6.0, 6.5, 6.7 and 7.1, respectively. PI 6.0 was the
major band. The active range of pH for MDH was about pH 6~8 and the optimum pH was
pH 7. The effective temperature on the MDH was about 30°C~50°C and the optimum
temperature was about 40°C in spargana and adult worm. In the stability against heat,
when MDH was heated at 85°C for 10 seconds, the activity was denatured perfectly.
Maximum activity of MDH was 19.4 unit in the s-sparganum (from snakes), 24.5 unit in
the r-sparganum (from rats) and 108.0 unit in the adult worm. The maximum activity was
higher in adults than in spargana. The present result showed us that the nutrients
absorbed through the tegument were transferred into inner tissues and were utilized as
the source of metabolism. According to the habitat of the parasite, the isozymes of LDH
and MDH are activated differently, and by this different activation the sparganum and
adult can adapt themselves to parasitic circumstances.

Key words: malate dehydrogenase (EC. 1.1.1.37), lactate dehydrogenase (EC. 1.1.1.27),
isoelectrofocusing, isozyme pattern, enzyme histochemistry
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