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In this study, the properties and gene expression of the lactate dehydrogenase (EC 1.1.1.27, LDH) iso-
zyme were studied in angelfish (Prergphyllum scalard - known for their adaptation to the low oxygen
environment of the tropics - which were acclimated to acute temperature change (27+0.5—18+0.5T)
and dissolved oxygen (DO) change (6+1—18 ppm) for 2 hours. The properties of the LDH isozymes
were confirmed in the native-polyacrylamide gel electrophoresis, Western blot analysis and enzyme
activity measurement. Liver- and eye-specific Ld-C gene were expressed in liver, eye and brain
tissues. Through Western blot analysis, the LDH A4 isozyme was shown to have a more cathodal mo-
bility relative to the By isozyme. In the liver tissue, the LDH A4 isozyme increased with temperature
drop while the By isozyme decreased. The LDH A4 and C; isozymes increased with DO increment,
while the By isozyme decreased. In the eye tissue, the LDH A4 and By isozymse increased with tem-
perature drop while the C4 isozyme decreased. The LDH A4 and By isozymes increased with DO incre-
ment, but the C; isozyme and isozymes including the subunit C decreased. In the heart tissue, LDH
activity increased with DO increment, as well as the LDH By isozyme. In the brain tissue, the LDH
Ay and By isozymes increased with temperature drop. The LDH B, isozyme increased with DO
increment. Accordingly, since the liver- and eye-specific LZdh-C are influenced by changes in DO and
the LDH By and Cy isozymes are relatively controlled in the liver and eye tissues, the Cy isozyme can

be considered to have a lactate oxidase function.
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lactate dehydrogenase, LDH)E 302 B2 dFE0] o] F
o] TH8,22,25,27,40].

LDHE 2549 NAD*Qr 81-7;1] i E=R"] )\].34 4/\L]._o,] A5 A
s Fujste EAZA A A A FaT AAE X
ot 3 o] 5 7AFEL AHA F8A 4 7128t LDHE
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ZA A= LDH Ay T4 &2 &40] F7te]
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uEtA & A7 54T S A AR AT A S8k
27134 M Uede tiake lske 979 d8e2 o
ﬂ] A2k e ol A-8F o] Qll liver- 2 eye-specific Ldi-C
FAAE 5 SEEE angelfishE A== A2 3 A3}
RS o] &ste] A LDH T 8459 SA4S A8t

A s,
Mz o
23 M=
sol& Al &8 =3 (Perciformes, Cichlidae)ol 43}+ an-
gelfish (Pterophyllum scalard< AN ZA 2185 oz

Ho A Fhske] A& Pyruvic acid, acrylamide,
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N,N’-methylene-bis-acrylamide, N,N,N’,N’-tetramethylethy-
lenediamine (TEMED), DL-lactic acid, nitro blue tetrazolium
(NBT), phenazine methosulfate (PMS), nicotinamide adenine
dinucleotide (NAD"), NAD reduced form (NADH) ‘;J an-
ti-rabbit IgG (peroxidase conjugate)= Sigmarle] AFE& Al
4391, Coomassie brilliant blue G-250-2 FlukaA} A &
AHESEH o, UH ] A%k GR (guaranteed reagent)w
AHE-3HA T

S 2 A3 =

Angelfishe pH 70.5, &% 27+05°C 4 DO 6=1 ppm¢!
249 F200:3045 am) HAH AHSE F 941 em A
EUH AAE AT 712geiee A 94 A

A7 & ARESF AL 54 7138 Z(ID-10, Young il Co., Daegu,
Korea)S |83 o2 A3tetdltt. o= 23/1d F71=
At&E (Pro Teich 2, JBL GmbH Co., Neuhofen, Germany)&

3389t pHE pH AsA 2 313 A (Fritz Chem. Co.,
Dallas, TX)E AH&-3te] pH 74058 FA3I91 25 25
ZH717F 235 7+E7](4ger LZRH 150, EHEIM GmbH &
Co. KG, Deizisau, Germany)®} ¥ %947} 7|(EYELA ECS-0,
Rikakikai Co., Ltd., Tokyo, Japan)& AM&-3te] ZA3 St
DO+ #7]7]3 %4 7](DK-8000, Dae Kwang Co., Korea) 2
A7 AFE At ARAE AFgete]l 24391 DO
meter (DO-14P, TOA Electronics Ltd., Tokyo, Japan)Z =73
At 2=z ¥l Al pH 7*05, &% 27+0.5°C 2 DO
6+1 ppmoll A A FE £E&AIZ F 2= AT 2740.5°Coll A
18+05°CZ W3 %1, DOZA ‘?ii} Al DOZZE 621 ppm
o4 18 ppmo.2 ‘ﬂﬁw oH, 22 &AL F FA 24

stol AP

Mz=7|& 3 o|EE=z2[of LDH 22

Angelfish zt z#°] A¥7]d LDHS} vEZE=go}
LDHE Schnaitman 5¢ WH[33]S &35ty syt
FAxHE WA AT angelfishe FA] =48t &
AL, A%, T v 2 H 2AS doldsith wold 2 23
2 4°C2 F2A17] 0.25 M sucrose, 5 mM potassium phos-
phate buffer (pH 6.5)& 48l (v/w) =& 84] 715t d&ol
A Dounce homogenizer ¥ Potter-Elvehjem homogenizer
2 3 9k JHEL 4°C, 1,000x g (20 PR-52D, Hitachi
Koki Co. Ltd., Tokyo, Japan)ell Al 1571 23] 941&2] 3}
JAE & AAG}AL, F5HE 4°C, 10,000% gl A A4

rlo

l:}g] g}oq /\]-Eou;q. ilz%&] U]Eita]o} EQ% A ) \:]- -
F5H L 4°C, 20,000 gol A 30E3t AAlEE ¥ AFAE
#Hsto] ME71HA9] LDH A 82 AH-8HiTh 53 vES

Eﬂﬂ Q7] fstel vESE o} B

M potassium phosphate buffer (pH 6.5)Z HEAIZ F,

£3]8 0.25 M sucrose,



418 A 748k5] 2] 2010, Vol. 20. No. 3

4°C, 10,000x goll A 10&3F A4 & a3, <L buffers
A3 A 45 9ol LDH 240 tehtA] 8 wj7hA A%
sto] &g MEZEol #85 AY JHE nEZE
ol 175 mM NaClE ¥3st= 025 M sucrose, 5 mM
potasium phosphate buffer (pH 6.5)& 108 (v/w) = 208)
(v/w) 7}ake] awm T 4°C, 20,000% gl A 30&3+ A4
8 @ os dold A4S vEZ=ol LDH ARE
AH&SHA T

Native-polyacrylamide gel 7| S (native-PAGE)

Native-PAGE+= Davis] Wi [9]o2 AAE A7)y
T2 75%T, 267%C acrylamide separation gel? 3%T,
2.67%C acrylamide stacking gel& ¥H=©] polyacrylamide
vertical slab system (SE250, Hoefer Sci. Instr., San Francisco,

CA)ol A AAetATE 50% Sucrose®t 0.05% bromophenol
blue &H& 11(v/v)E 713 AIZE gel AF-Y T ¥ F,
5 mM Tris-glycine buffer (pH 8.3)& AF&-3}] 100 Vel Al 20
£ AE B, 200 VOl 243 1083 B34
(EYELA CA-1100, Rikakikai Co. Ltd., Tokyo, Japan)& AM&-
sto] 4°Coll A A719F shAth. B4 A4S Whitto] W [42 ]

o we} pi-lactate, NBT, PMS, ¥ NAD" E£-& o] gelS

2o 37°Co A @A F 15% iAoz AT Gel
ol Uehd LDH 9849 gAY e ojn AR ZRT
@ (Viber Lourmat Bio profil, BIO-ID++ V.96)& Al&-3}¢] #
Attt

Western blot analysis
Angelfish = 22 $Z9S native-PAGESH ¥ gel}o] &
W42 15 mM Tris-glycine buffer (pH 8.3) % semi-dry trans-
ter system (Trans-Blot SD cell, Bio-Rad Lab. Inc., Hercules,
CA)E AH&-38ke] 25 Vel A 3087t nitrocellulose membrane
(Trans—Blot Transfer Medium, Bio-Rad Lab. Inc., Hercules,
CA)l AT DA o] 4% membranes 5% skim milk
/TBS (0.01 M Tris buffered saline, pH 7.5) 880l {31 25°C
ol Al 1417+ 53t blockingA1 7l ¥ TBSH- ol A 1027+ 33]
A M8ttt 5% Skim milk/TBSE AFg-3te] 1:1,0000.2 3|4
3l LDH Ay SH 840 i3l g4 2 1'500O 2 343 B, T
gl thgh &4 & Ao membraned 2L 25°Col A 1A]7F
&<t shaking 2171 & TBS&H o= 103—{%‘ 23] A # st
membraned]| Z33HA &2 7k 13 FAE AoFUh
Anti-rabbit IgG 22+ IANE 5% skim milk/ TBSE AF-&-3}

11,0002 2 34 A)7]1 &Aoo membranes ¥l 1A7F F<t
shakingA1 7] & @<l3 AgtebA] @2 22 FA| & TBSEH L

2 10278 33 A A5y Chloronaphtol 2 HO £
dog t‘&%’\]ﬂ ¥ SRTE AFste S ANt

HH
HH
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92 & Bradford®] WH[4]ol ot AFetach FHA
k-2 Coomassie brilliant blue G-250 100 mgS 85% HiPOs
100 mloll AJA AoJFHA & F, 95% oeE 50 miE H7t
SO, 4°C SHRTE 115 UE ARSI 9 d Ak
Al 3335 A (UV-160A, Shimadzu Co. Ltd., Kyoto, Japan)&
AFE 595 nmol M EF TS =A3}93 BSAS A wEuw
Az Agsd.
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;(47]&15 ?sl QJ,].(Flg )/ =z 101]}\1
&5°] yeytth wekA 2t LDH
fete] & 24 LDH Ay T840 t FA7] 3 By &9
Fol tigk A [6]= Western blotting A1 # th(Fig. 2). 1 2
3 LDH Ay 5984 E By FHELEY 55 Fo YR
LDH C, &84 9] A$ 7+ A oA liver-specific LDH Cy
FHELTE Gt wol FF ZoM Yetal = 2F A
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Fig. 1. Native-polyacrylamide gel electrophoresis zymograms of
cytosolic LDH isozymes in angelfish (P scalard. a,
Skeletal muscle; b, heart; ¢, liver; d, eye; e, brain; Ay, LDH
A, isozyme; By, LDH B, isozyme; LC,, liver-specific LDH
G, isozyme; ECy, eye-specific LDH C4 isozyme; o, origin.
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Fig. 2. Western blot analysis of the LDH isozymes in eye from
angelfish (7. scalard. a, Native-polyacrylamide gel elec-
trophoresis zymograms of the LDH isozymes in eye; b,
Western blotting of the LDH Ay isozyme; ¢, Western blot-
ting of the LDH By isozyme.

o

9] 7+ 24| A liver-specific LDH Cy & A7} YER}A]
29 Holt9l Leibeld] A317]9 B3tEH o= A7|d%
gel A& Apold] 7]kl A ZHE T

3t tislof w2 =2 Mz |2 LDH S §LE2] s}
AT 22 {7t dFE WA F3 LDH Ay 59
F247 Yehgth(Table 1). A% %24& LDH By 39 a47}
A BHEAEY B2 BAS BYoH, 7ExAY Lxws)

Table 1. Relative activity (%) of cytosolic LDH isozymes in an-
gelfish (P. scalard

Condition .
LDH Basic Temperature = DO
Skeletal muscle Ay 100 100 100
Ay 26.1 27.2 249
Heart AsB, 36.5 37.3 271
B, 375 355 48.0
Cy 281 27.3 543
Liver Ay - 268 26.2
AsB, - 141 -
Bs 71.9 317 19.5
Ay 26.6 49.0 47.0
AsB, 51 - -
By 12.6 20.7 328
Eye C hybrid 43 - -
C hybrid 88 - -
C hybrid 94 - -
Cy 332 30.2 20.2
Ay 38.8 413 37.8
AsB, 22.5 24.0 20.0
Brain Bs 14.7 20.4 422
C hybrid 126 92 -

C hybrid 114 5.0 -
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2 F ZA3E WS89 AT, DO %7} A LDH B, 59847}
F 2AEY ¢ 33 48 1yt ojid 25 2 DO
WA S W UYehe 24 Sol42 24 ] 2t LDH §9
FAEY 75AY EAol AR bdE2d+e AL eI LDH
THELV Sz S e ES & F A T =
Ao e == & liver-specific LDH Cy &9 & 47} YER:
= ol EHFA, 5o % Fupa 5 dolF oAFY A5

[30]¢} #Z3tth. So
UeRd 9 A, S84 YERA okt 28y 2% A
8 Al LDH A, &9l 84 B ol AARFAI7E UEbdaL By 5914
&v A3 gastgith 53] DO 57} Al LDH B, 59184
Zadm ¢ FAEcE FUH0E FlegiEd, ok
DO 57t A A-&38k=Hl 9lojA4 LDH B, THELET Ay B
G 827 SR A8 AT £ 2F A
= A4A 8 &7t § w0 ofFe 3019 2ol ¢=
%9 eye-specific LDH C; 59 &4 9 2] C hybrid 59 &
50| Yttt 25 Ast A LDH A 2 By 984 371
Hu G THEle 25 #2393, DO $7F A G EHE
v #ad v Ay 9By HELE SIS H, C hy-
brid 3 o] AAMFA = UEHA 4t o= 25 A3t Al
A2 tiA7F LDH Ay 3 By T &40l o) A HA,
DO %71 Ae Ay 5982 E Z7HEY 7 2 & 2Fd0A
B, % G AR HE AR EFste] 2AF A=
2 Yehdt) Angelfish= obrhE Cichlids®] 3 o2 7t
9 & 2| A % LDH C, 9 &47F vdepvr[1], x5t
liver- ¥ eye-specific LDH G4 S84 E 22 LdrCF2A}
dA dastEe FAGNAZ AL ATH123]. vhA e
2 ¥ 222 7[Rz A LDH Ay 59847 B B9 EA
Hop 4% 848 RYa, $EWs Al A T EAE Wity
A 3 By T ELTE S7HEAT. 58] DO $7F Al A%
22429 LDH B, 5A 847} Ay THEART 43 S48 S
UEHRA AL e Al Ce YehtAl @3t Tth(Table 1). whetA
Ag g ¥ 248 873t Al LDH B, SH & A7 57 o
243, liver- B eye-specific Lah-C= DO #H3}dl| ]3]
FEE won, 7+ 9 = 2HA LDH A, FHELE 7}
By R G FHELVE AR A 2 H e A0 U
U G FYEALE B Y849 FAFSHI lactate oxidaseZ A
7I5E Yetlle AR Algd

rr

=

D|E2=2(0t] LDH S8z

Angelfishe] W]EZE2]o} LDHE A719% & 2% &
Z2 M AE7)2 LDH (Fig. 1)°ll ®la] 2AJo] YA et
omnj, FAAZFAQ LDH Ay 3 By $HELT YERYL
THEAL R OJHAFA S-S UEPA FUThFig. 3). tAF
o) YA Z Hol F2 A7)0 EAste Aoz LA
€ LDH7} plEZ2=g ot A Yehd e Fof, 2A4Y, 1

0 ox (O 3L n
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Fig. 3. Native-polyacrylamide gel electrophoresis zymograms of
mitochondrial LDH isozymes in angelfish (7. scalard. a,
Skeletal muscle; b, heart; ¢, liver; d, eye; e, brain; As, LDH
A4 isozyme; By, LDH B isozyme; o, origin.

7, Ao, B TR, A4, 204, QEFAE D A7

& O ofFel A-e]eh 23T

BH4 Hisjol| M2 =AY | DH &4 Hst
Angelfish= Fojojon] A4 Aejd 288 ofolth
B Ago e wA F20M pH 7405, L5 27405°C 2 DO

ZAL 71BzANN x5 18:05°CE F43] $F3,
DOt 7|22 4 DO 6+1 ppmel 4] 18 ppm 2.
2 W3S 7o) 2 BA7 T 2 249

%2 angelfish 2 2294 A £7]49 LDH 84845 3
A Ax 42 40| &4l M B deloE 4%,
T, 3 2 EHE UEst(Table 2). @ 2 e
TAT 240 7 woka ¥ 240 7Y A vt on
A, 35 2H HSd FoE YERTH(Table 2). P&
ZEgjobe] LDH 842 = % ¥ 24 v gls # AE7)
29 LDH 247 FARE £ 2 Yebgdth(Table 2). PIEZE
Zjope] Tl A ke HE71AY A9t o] AT 2H 0
o x40l Hal A Yelgtth(Table 2). 25=% 27+05°Ce]
A1 18+05°CE #4243 %330S W, M1¥714¢ LDH &4<
A% A3 =42 249 LDH 840 7P =4 vehgta
Ay = |

LDH

EL M} 27 2705°Co A HSH A
A Urebskeh(Table 2, 3), )

L ﬂ ZA] +AMZ EA e
31 (Table 3), 27+0. OCoﬂfﬂ o8 An Hwsgs w 242
2 A 24 M LDH &3 rp7bA = @A 3] doj At
(Table 2, 3). MIEZ=¢g]o}e] LDH &4 A %712 ¢ LDH
245 vlad 23 BE 2204 LDH Z4o] sel A%
¥ ZZ o] AfHo g 2F 7HAFEAUL, 7+ ZF A= LDH
B0 el tthTable 3). S8 H231S o) nEZ

AR

s

a
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Table 2. LDH activities and protein concentrations of various
tissues in angelfish (7 scalarg during acclimation at ba-
sic condition (pH 7+0.5, Tem. 27+0.5°C, DO 6%1 ppm)

Activity Protein concentration
(units/g) (mg/g)
Cytosolic LDH
Skeletal muscle 369.4 51.0
Heart 79.7 477
Liver 35 449
Eye 17.2 43.9
Brain 14.2 13.1
Mitochondrial LDH
Skeletal muscle 8.7 33
Heart 7.2 0.6
Liver 2.8 15
Eye 53 17
Brain 6.9 0.8

Table 3. LDH activities and protein concentrations of various
tissues in angelfish (7. scalard during acclimation at
temperature condition (Tem. 27+0.5°C—18+0.5°C)

Activity Protein concentration
(units/ g) (mg/g)
Cytosolic LDH
Skeletal muscle 119.0 23.6
Heart 26.1 169
Liver 6.1 40.8
Eye 121 39.3
Brain 16.2 11.3
Mitochondrial LDH
Skeletal muscle 0.6 0.97
Heart 0.8 0.04
Liver - 9.04
Eye 0.3 2.58
Brain 43 1.97

cgole] LDH &4 W3le #2729 LDH 433 &4
9 A ZA M B2 A7) vElgn v ke 7H
2 ¥ ZF oM F7}5 Atk (Table 2, 3).

DO 621 ppmdl| A &5-¥ angelfish& DO 18 ppm<] 274
of F&2~HA =87 § 24 24 LDH &4 Wt 34
S} A th(Table 4). Angelfish 7} 2] A|27]d LDH 4 <
=43 43 Eﬂ’“«] BAow AT, AR, H, v 2 24
THZ Y L=z} A 2 {Fﬁi Ve o,
A o] BE Zz“)ﬂ A gFAsh 2=/ A9 A
ZQktH(Table 3, 4). DO 641 ppm2] 7]% ol A % *% an-
gelfishe} Hw st e w), A% 229 duld k2 7hasia
LDH &4¢& F ol A= =4 Jehsth 5553 b 5_749] LDH
gL fAtD o 239 4L F71E A THTable 2, 4).
DO 57} Al angelfish 417 2 ¥ 22 o)A LDH &4¢] 7}

VR

ot

>'E o iy _|



Table 4. LDH activities and protein concentrations of various
tissues in angelfish (7. scalarg during acclimation at
DO condition (6+1 ppm—18 ppm)

Activity Protein concentration
(units/g) (mg/g)

Cytosolic LDH

Skeletal muscle 298.8 36.2

Heart 141.3 29.7

Liver 3.0 344

Eye 17.8 29.0

Brain 20.7 114
Mitochondrial LDH

Skeletal muscle 43 294

Heart - -

Liver 0.5 2.98

Eye 11 2.88

Brain 49 1.61
9 Axe w721 2 ZEA Bl A$-9 2ok ol 57
4 229 4% 9 ¥ 229 LDH 59547} Aok wd
o8 9L WS AN Foh wHAGe 242, 71, 4
3, 2 5 2299 42 UersthTable 4). v/ EZE e o}
LDHY &434S A 272 LDHY FA3} nlud dae
BE 2404 AEAQRT A ehta 53 44 258
4] JEA 29THTable 4). 3] 22 0] A% LDH 24
of e ZA] W3] Mad e uE gohgle] Wat
zﬁ% A 0§ Uehga g A nE 22N AL/ AR
ok Sl UEbgthTable 4). A202 2EWSHE F3 A E7]
491 LD 95 54 89 542 3 49 LA 249
7l LDH &4 #AE Hole H2 %E‘?ﬂi}ﬂ 2 angel-
fish #5493l 2450 ol 3 e FEA4e
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ok’ mM" . mF
KA Z ABAAJER FARFE, AT Ga HAAGAT L, HF NG Ad G R AE et
A%

drf A4ta 370 H3H o) e angelfish (Perophyllum scalardS 23 & =M 3}427405-18+0.5°C) 2
DO ¥ 38H6+1—18 ppm)°ll 217t 5 A-gAI17] & 2 aet4 2 G A (EC 1.1.1.27, lactate dehydrogenase, LDH) & ¢
549 54 9 FAALHS A4 LDH 59849 542 native-polyacrylamide gel 77|95, Western
blot ¥4 2 5484 S0 2 IRASAY #7195 2 liver- E eye-specific LdhrC FHA= H & 2 o
Z Ao A W& 5Tt Western blot ¥4 23} LDH Ay 59 84E By &4 T 53 £ Uehyth 7F 249
A &% A3} A LDH Ay 598471 71511 B, e84 4489 H, DO £71 A LDH Ay 2 G 59847}
Z7Fetal By B8 AT AT = ZH e 25 st A LDH Ay B B, 59 &LV F7ketal G 9 aAE
2etior, DO 571 Al LDH Ay 3 By T 8ae S7FHAT G &4 B a7 a9)A CE 2dste #9118
£ #asgth 4% 244 Xe DO 71 Al LDH &4¢] %7184 1, LDH By $9 &4 Z7hekdet. o
Ao A &% A8t Al LDH Ay ¥ By 5 &847F 71831, DO 57t Al LDH By, 984T F7etith
kA liver- 9 eye-specific Zah-Ce DO H3tol] ofsf @33 wrom 7+ 3l & XA LDH By % G FHELE
MZ JFez 2AHEE C TYEAE lactate oxidaseZA 7152 YERWE RO E AlgHT.
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