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ABSTRACT - 1. Lactate dehydrogenase polymorphism of Leporinus 

friderici is determined by two loci, each one encoded by two 

alleles - Ldh-A, Ldh-A' and Ldh-B and Ldh-B'. 

2. Biochemical characterization of the 	different 

LDH phenotypes was carried out.Substrate saturation 	curves 

show that extracts, where the LDH-B predominates, are 	much 

more sensitive to substrate inhibition and have higher thermo 

stability than skeletal muscle extracts where the LDFI-A predorn 

ina七es. 

3 ・  Pyruva七e affinきty pararne七ers of 七he 	dュfferent 

LDH-B phenotypes show differencial values in all temperatures 

assayed. LDH-BB phenotypes presented always greater affinity 

values than the LDH-BB' and B'B' ones. 

4. The different LDH-B phenotypes show diferential 

七herrnos七abili七y when 七es七ed a七  65 o C, so ， 七he LDH-B'B' 	phenoー  

type had higher stability than the LDH-BB' and LDH-BB pheno - 

types. This was corroborated with the isozymes partially purl 

fied. 

一 	5 ．  工七  Was also detected a varia七ion in the LDH-B 

phenotype frequencies since the experiment was started in 1980. 

6. All 七hese fea七ures suciges七  th a七  this 	polymorー  

phism may have an adaptive significance in relati.on to environ 

mental variability, i. e., temperature fluctuations and water 

pollution due to industrial waste that notably increased, in 

these last years. 
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I N TROD U CII ON 

As was reported in a previous paper (Panepucci et 

ctL , 1984) genetic variants were detected at both LDH booi of 

Leporinus f吃derici, Anos七omidae, Cypriniformes ・  The pheno七ユR 

ic frequencies of the Ldh-BB' and Ldh-B'B' allotypes increased 

along 七he successive cap七ures 七ha七  S七arted in 1980. 

Although the precise metabolic function of differ 

ent LDH isozymes has long been' an unsolved problem, the physio 

logical impor七ance of 七he mul七iple forms has been inferred from 

七heir served 七issue specific dis七ribu七ions and rela七ed 、吐七h aer 

obic requiremen七s of 七he 七issues. 

The significance of protein polymorphisms has con 

tinued to be a controversial subject. While some population bi 

ologis七5 (Ilneu七ralis七5!) main七amn 七ha七  mos七  gene七ic varian七s of 

enzymes are selectively equivalent, others ("selectionists') be 

lieve that polymorphisms are functionally nonequivalent and are 

maintained by nat ral selection. 

Combined biochemical and environmental 	S七udies 

have been succesful in helping to understand how 	selec七ion 

works in par七icular cases. A number of works 	sugges七5 	七ha七  

selection operates at a particular booi. Merritt (1972) demon 

S七ra七ed differen七  subs七ra七e affinities of LDH albozymes in Pime 

phales promelas, that also present a latitudinal dline related 

with temperature. Clarke (1975) provided 	strong 	evidence 

' 
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that the polymorphism of alcohol dehydrogenase of Drosophila me 

lanogaster is directly subject to selection. Brown (1977) report 

ed the results of "in vivo" experiments on glycogen metabolism 

in 七he field mouse, Apodemus syんaticus, of differen七  geno七ypes 

a七  七he phosphoglucomu七ase locus, which sugges七  th a七  七he gen9 

七ype of an individual may be sulガec七  七o na七ural selec七ion・ Kiar 

et al. (1979) demonstrated that the physiological performance 

of rainbow trout, Salmo gardnieri, depends on sex as well as 

LDH pheno七ype. Place & Powers (1979), sugges七ed 七ha七  七he dif ー  

ferences in the temperature dependence and the pH 
	dependence 

for pyruvate reduction found among the LDH-B allozymes of Fundu 

lus heteroc瓦tus,may reflec七  a selective adap七a七ion・ Powers e-t 

a2. (1979) suggested a physiological correlation between 	the 

lac七ate dehydrogenase geno七ype of FundUi us heteroc瓦tus and ha旦  

moglobin function. Hoffmann (1981), showed that the 	PGI 	ai 

leles from Metridiurn senile, are func七ionally differen七, a re旦  

uisite for the direct action of selection at the locus. Di Mi- 

chele & Powers (1982a), related specific hatching times of Fun 

duzus heteroc瓦tus 、  embryos, of differ9Il七  LDH--B phen。七ypes ・ Also, 

Di Michele & Powers (1982b), reported swimming endurance differ-

ences for di丘eren七  LDH-B phenotypes of Fundulus heteroc瓦tu S ・  

Samollow & Sou1る  (1983), discovered a striking case of superior 

he七erozyg〇七e survivorship among immature 七oads during the w也

七er, 

工n order 七o s七udy 七he adap七ive na七ure of pro七emn 

polymorphisms found in ectotherms and to provide suitable mate 

rial for the detailed biochemical comparison of polymorphic van主 
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an七s of LDH, 七he presen七  repor七  includes 七he par七ial purificaー  
, 

	

	

tion in starch gel electrophoresis of LDH different phenotypes, 

their biochemical characterization and comparison of these ale- 

lic isozymes and a variation in phenotype frequencies that oc 

urred since the experiment was started in 1980. 

MATERIAL AND METHODS 

Experimental Animals 

Adult specimens of 乙eporinus fl吃derici, Anos七o姫二  

dae, Cypriniformes were captured, by gill nets of two sizes (2.5 

and 3.5 cm) in the Emas waterfall on the Mogi-Gua96 river(state 

of S5o Paulo, Brazil). 

Preparation of tissues extracts, blood samples and electropho- 
, 

res i S 

Fishes were kept in ice until they were brought 

to 七he labora七o ry, 七hen 七he 七issues were dissec七ed and kep七  at 

or below -15Oc until used. Skeletal muscle and heart 	muscle 

Jissues were cut into small pieces and washed in ice-cold 0.25 

M sucrose solution. Tissues were homogenized with 1 vol 	of 

ice-cold 0.071 N EBT buffer, pH 8.7 (Boyer et ctL, 1963), 	for 

screening and partial purification purposes. For spectrophoto 
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metric assays 0.1 N potassium phosphate buffer pH 7.0 and pH 7.5 

was used. Centrifugation was carried out for 30' mmn at 19.000 

g and 4oC and the resulting supernatants were used for electro- 

phoresis, for enzyme activity measurements, and for partial pun 

fication of LDH allozymes. Electrophoresis was carried out in 

horizon七ai 

ing 七o Vai 

sys七em. A 

gels containing 13% (w/v) corn starch prepared accord 

e.t iL. (1981) using the Boyer et aZ. 	(1963)' buffer 

voltage of 8 v/cm was applied for 7hs at 4 o C. 	5.5% 

polyacrylaniide disc electrophoresis according to Dietz & Lubrano 

(1967) was also used. The electrophoreses were Oarried out at 

4OC and 2.5 mA/tube for about 45mmn. The gels were stained ac 

cording to Shfllee e.t aZ. (1973) in 0.5 N phosphate buffer ph7.0 

a七  37 0せ  in the dark. 

Partial Purification 

Partial purification was accomplished by a electro 

elution process. ItThonsisted of a preparative electrophoresis 

prepared as follows:-a 3mm wide slot was made in the starch gel 

and 2ml of the homogenate was mixtured thoroughly 	with 	the- 

starch gel that had been taken out. After electrophoresis a 

small piece was stained to identify the different LDH bands. 

After the different allozyi肥s and isozymes were identified, the 

bandも  were cut out of the starch gel and each one inserted in a 

dialysis bag_with 3m1 of the gel buffer. The different identi 

fied bags were submitted to the electroelution process. The bags 

were immersed in a 0.071 EBT buffer and 100 volts applied 	be 

tween the electrodes for 5 hours. In this way, 	the 	enzymes 

・-6 ．・  
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would come out of the gel but still stay inside the bags. After 

wards, 七he buffer con七aining 七he enzymes was 	concen七ra七ed 七o 

half its volume with powdered silica gel. 

KinetiCs 

LDH activity under several experimental 	condi - 

tions were assayed spectrophotometrically by measuring the mni 

七lal ra七es of NADH/Inin oxida七ion a七  di fferen七 	七empera七ures uai ra七es of NADH/ mmn oxida七ion a七  differen七  七empera七ures 

17 o C, 25 C, and 35 o C controlled with a Lauda circulating water 

bath. The change in optical density at 340nm was measured 	in 

a Beckman 25K spectrophotorneter. The apparent Km values were 

calculated from Lineweaver-Burk plots (1/velocity 	versus 	1/ 

s ub s七ra七e concen七ra七ion) ,v吐七h pyruva七e or lac七a七e as a subー  

S七ra七e ・  The assays were carr工ed ou七  in 0.05N p0七assium phos 

phate buffer at pH 7.0 and 7.5. The measure of the sensitivity 

of 七he LDH par七ially purified isozymes 七o siihs七ra七e inhibi七ion 

by pyruva七e is expressed as 七he ra七工o of enzyme ac七ivi七y a七  low 

pyruva七e concen七ra七工on （〇・ 33 inN）  七o the ac七いTi七y a七  high pyru 

vate concentration (10 inN). This rate is designated L/H(Wiison 

a-t a.l ・ , 1963） ・  A un工七  〇f LDH ac七lvl七y 工5 七he amoun七  of enzyme 

necessary 七o ca七alize 七he transforma七ion of lり  mole of subs七ra七e 

per minute at 25 。 C. Following Guppy & Hochachka (1978) we tried 

七o find diferen七ial inhimuon 七o 20 mM phosphocrea七mne for 七he 

different LDH phenotypes. 

' 
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Thermal Inactivation 

Values for thermal inactivation were determined for 

heart muscle and skeletal muscle extracts for the five different 

phenotypes and the Partially Purified iso and allozymes. This was 

done using a 65 o C water bath. Samples were removed at 	five mmn 

intervals, immediately cooled on ice and then assayed for LDH ac 

七い吐七y ・  Thermos 七ab ii主ty was also measured by hea七ing 七he exー  

七racts for 20n仕n a七  various 七empera七ures. The ex七rac七S were 七hen 

quickly cooled and assayed for surviving enzimatic activity. 

Oxigen Equilibria 

Oxigen equilibria experimen七s were performed v吐七h 

whole blood and according to Mangun & Kodon (1975). Dissociation 

curves were recorded at five different pHs, 6.8, 7.4, 8.0, 	8.6 

and 9.2. 

RESULTS 

Fig・  l shows 七he LDH pheno七ypes of L. fri denici pre 

viously reported (Panepucci e- aL, 1984). There are two loci 

for this enzyme, each one encoded by two alleles - Ldh-A, Ldh-A', 

and Ldh-B and Ldh-B'. Partial purification of the homotetramers 

can be seen in Fig. 2. This type of purification has proved to 

鳳  
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be rapid and effective for a qualitative study. 

Lactate Dehydrogeriase-phosphocreatine interaction 

According to Guppy & Hochachka (1978) phosphocre 

a七mne inhim七s a七  least 七o some ex七en七  ail 七he lac七a七e dehydro 

genase examined. Table 1 shows the values obtained before and 

af七er 七he addi七ion of phosphocrea七mne wi七h 七he differen七  pheno 

七ypes of L ・  かide rici LDH・  We also used, a specimen of flop瓦ー  

as rnalabaricus 七o compare our da七a wi七h 七ha七  of Guppy & 	Hoー  

chachka (1978) and French & Hochachka (1978). We did not ob 

serve inhibition by phosphocreatine,as they did, in any of the 

samples used except for skeletal muscle of H. malabaricus in 

which a 26% inhibition was detected. 

pH Optimun 

All 七he pH profiles carried ou七  v吐七h 七he differ 

ent LDH phenotypes in the direction of lactate formation show 

ed their optima betieen pH 7.5 and 8.0. We used two pHs for 

our studies, pH 7.0 and pH 7.5. 

Pyruvate Inhibition 

Inhibitions of different phenotypes occurred in 

the same order in the pyruvate concentrations which were used, 

shown in Flg・  3 and Table 2 ．  工nhibi七工on regis七ered ad differ 

ent temperatures at 10mM pyruvate concentration showed differ 

ences between skeletal (30% inhibition) and heart muscle (70% 
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inhib工七ュon) bu七  no七  be七ween 七he di丘erent hear七  ph e no七ypes. As 

is shown in Table 3, apparent Km differs significantly between 

heart muscle phenotypes. In general LDH-BB phenotype shows low 

er Kin values which reveal a higher pyruvate affinity. The most 

dramatic differences occur at 17 C and 25 o C, pH 7.0 and at 35 C 

pH 7.5, where there is a stair-like graduation in Km 	values 

from the lowest Km for LDH-BB and the highest for LDH-B'B'. The 

heterozigous phenotype LDH-BB', as expected, was always interne 

diary. Differences in apparent Km between skeletal muscle phe-

notypes (LDH-AA and LDH-AA') and heart muscle phenotypes (LDH- 

BB, LDH-BB' and LDH-B'B') are marked except for the values ob 

tamned at 17 o C pH 7.0 and 7.5. In general Km values for pyru 

va七e appear 七〇  increase v吐七h 七empera七ure, except for 七he he七e ro 

zigous LDH-BB' that had a higher value at 25 o C, pH 7.5. 	Appar 

ent Km values for NADH did not show differences between the dif 

ferent heart phenotypes and varied from 0.013 mM to 0.023mM for 

heart muscle phenotypes and from 0.051 mM to 0.057 inN 	for 

skeletal muscle phenotypes. 

-Lacta、te apparent Km values are shown in Table 4. 

There are no major differences between heart different pheno- 

七ypes bu七  七hey cer七ainly occur be七ween hear七 	and 	skele七ai 

muscle phenotypes. 

I七  has been shown 七ha七  higher ver七eb r a七e 	hear七  

lac七a七e dehydrogenase ユS generally more suscep七ib 1 e 七o inhibュ  ー  

uon by high pyruva七e concen七ra七ion 七han are 七hei工  corresoond ー  

ing muscle isozymes (Bailey & Wilson, 1968) . The L/H 	ratios 
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are obtained with partially purified extracts as shown in Table 

5. The results show that heart isozymes, B and B4 , are more 

subject to inhibition by high pyruvate concentration than is 

the muscle isozyme, A4. 

Thermostabil ity 

Susceptibility of the different phenotypes to in 

activation by high temperature was examined. Results of the 

heart extracts submitted to 65 o C are shown in Fig. 4. 	Differー  

ences in heat inactivation between the different heart pheno 

七ype S were maintained throughout the assay. These results are 

corroborated when the assays are performed with partially purl 

fled extracts, Fig. 5. when the samples were heated for 20 mm 

to different temperatures, heart and muscle extracts responded 

differently(Fig. 6). 

Oxygen Affinity 

According to Powers ct--al. (1979), -polymorphism 

for LDH-B in Fundulus heteroc瓦tus might be rela七ed to differ 

ent oxygen affinities in the different phenotypes. As a means 

of finding physiological differences we tried to determine oxygen 

afflAities between the different LDH-B lactate 	dehydrogenase 

phenotypes. Oxygen equilibria curves for whole blood were de 

termined for the different phenotypes, LDH-BB, LDH-BB' 	and 

LDH-B'B'. Because of the lack of differences, we 	calculated 

、4. 
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the Bohr effect for the whole lot and it varied from -0.05 to 

-0.06. 

Temporal Variation of the Gene Frequency 

Table 6 shows the number of different LDH-B phe 

notypes related with the time of capture. Cii square 	test 

shows a dependency between time of capture and the different 

phenotype frequencies. Table 7 associates gene 	frequencies 

with the time of capture. Here also chi 	Square 	values 

show 七ha七  七here is a significant d」一丘erence and tha七  genic fr旦  

quency changes with the time of capture. Because 	variances 

were unequal and to ascertain whether the LDH-B' gene frequenー  

cy increases with time a weighted regression was carried out 

which is shown in Fig. 7. To determine if the true slope esti 

mated by b is different from zero, chi square tests were per 

formed and the values obtained were: 

Ldh-B x = 7.43 
	

1 d.f. 

Ldh-B' x 三  5.56 

which shows that b is significantly different from zero. 

DISCUSSION 

The experiments with phosphocreatine did not 
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show inhibition except for H. malabaricus white muscle (26 % in 

hibition) as was expected according to Guppy & Hochachka (1978) 

and French & Hochachka (1978). This lack of inhibition isprcbaー  

bly due to the fact that we are working with different fish spe 

cies in the case of E. friderici, wehreas in the case of H. ma 

labaricus we are probably working with a different population, 

ience with different metabolic requirements. 

Previous reports indicate that typical values 

for muscle LDH pyruvate inhibition were between 10-20% at 10mM; 

in contrast, heart LDH isozymes are inhibited by 50-60% at this 

とoncentration (Gesser & Poupa, l973; Baldwin & Gyuris, 1983 ). 

We found the same values in our experiments carried out at 25 o C. - 

As was shown by other authors when the experiments were perfor 

med at a lower temperature (17 o C), the inhibition values were 

mgher (Eby a ai・ ‘ 1973; Enig ei at.,1976;Baldwin & Gyuris, 

1983). At pH 7.0 there were interesting differences 	between 

the various LDH-B phenotypes that started at a concentration of 

1 mM pyruvate. This was the first evidence that there was a 

-small difference between the LDH-B-- different phenotj'pes. 	The 

~ 	next step was_to compare Km values -at different 	temperatures 

and pH.- In general, Km values were similar to those found in 

the literature, ,Thble 8. Kinetic properties between 	beart and iruscie. 

LDH i ozymes showed differences, as in other vertebrates (Hocha 

一chka & Somero, 1973; Lim e.t at., 1975; French & Hochachka,1978; 

Place & Powers, 1979; Baldwin & Gyuris, 1983). Apparent Km val 

ues obtained with skeletal muscle extracts were a little lower 

，・ 13 ー  



when the pH was lowered. Apparent Kin values between LDH-AA and 

LDH-AA inverted their values when the pH was changed from p137.0 

to pH 7.5. Although at pH 7.5 (near the optimum pH) LDH'-AA phe 

notype apparently has higher affinity than the LDH-AA' pheno- 

type. According to- Atkinson (1976), the pattern of substrate 

affinities of enzymes is one of the more fundamental adapta ー  

tions necessary in a complex metabolism involving many ' reac 

tions and many intermediates. We also found substrate - enzyme - 

affinity djferences between the different LDH-B phenotypes for 

pyruvate. Except for the values obtained at 17o C pH 7.5, Km 

was always lower for the LDH-BB phenotype, which means a higher 

substrate affinTty than for the LDH-B'B'. Apparent Kin ia inter 

mediary for the heterozigous LDH-BB', which shows a relation ー  

ship between the type of subunits and functional properties 

Place & Powers (1979) in a similar study carried out at differ 

ent temperatures and p11, found catalytic differences at 10 C 

when comparing LDH-B ailozymes from F. heteroc瓦tua. 	Differ 

ences obtained . in apparent Kin for lactate and NADH corroborate 

the hypothesis-that we-are working with allelic isozyines with 

quite different functional characteristics. 

Thermos七ability tests show di丘erences be七ween 

LDH-A and LDH-B ailく〕zynes tin七  are - Smii ar 七o 七hose found by 

other( authors in lower and higher vertebrates (Kaplan, 

Bailey & Wilson,1 1968; Wuntah & Goldberg, 1970; Borgman & Moon, 

1975). Although, there is no known relationship between the 

吐fferen七  physiological func七ions of LDH isozymes and 	their 

二  
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thermostabilities, many authors believe that the increase in Km 

according temperature is the way nature has found to stabilize 

and regulate the enzymatic reaction rate (Hochachka & Somero, 

1973; Somero, 1976; Ridharson, 1983). The different Km values 

increased with temperature for both honiozygous phenotypes. 	It 

is interesting to note that the differences between catalytic 

properties of LDH-B!B' and LDH-BB (Table 3) are in many cases, 

of the same order of magnitude a言  those reported for the Ak and 

Bk LDH of other vertebrates, (Table 8). The differences found 

in thermostability between the different LDH-B phenotypes were 

also significant. Here the homozygous variant was the most sus 

ceptible to heat inactivation, and we obtained identical re ー  

sults with whole extracts and with extracts partially purified. 

Our investigation reveals that the LDH-B iso 

zyrnes not only differ in kinetic properties from the A contain-

ing isozymes, but also from each other. 

The LDH-B locus has three electrophoretic phe- 

notypes. The electromorphs encoded in alleles at this locus in 
. 

natural populations of this species are more likely the result 

of the segregation of codominant alleles at a single locus, and 

not the result of post-translational modification. 	However, 

crosses were not performed 七o es七ab 1 ish 、吐七h cer七amn七y 七he g旦  

ne七ic basis of 七he elec七rophore七ic variants. The fact 七ha七  七he 

genotypic frequency changes with time of capture, resulting in 

an increase in the LDH-B'B' allotype, suggests that this J po1i 

morphism could be related to environnEntal factors. 
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One of the most polemic subjects in evolution, in 

late years, has been the~adaptative nature of protein polymor 

phisms. In general, this discussion has been characterized by a 

polarization of opinion between the selectionists and the neutral 

ists・  We believe that our work,together with other ones carried 

out in this field, and having in mind organisms and environment 

as a whole,will stress the adaptive nature of protein polymor ー  

phisms. The change in genotypic frequency which we found to vary 

with the time of capture may well be related to the 	increasing 

quantity of industrial waste, especially that associated with al 

cohol production, which is speedily killfng of all life in our 

rユvers. 
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FIGURES 

Fig. 1: Electrophoretic patterns observed in different tissues 

from Leporinus friderici N. ,skeletal muscle; H, heart 
muscle. 

Fig. 2: Electrophoretic separation of LDH isozymes in 	5.5% 
polyacrylamide gels; 1, 3 and 5 skeletal and heart(phe 
notypes LDH-BB and LDH-B'B') muscle extracts; 2, homo 
tetramer 44 ; 4, hornotetramer Bk;6,hola北etramer B' 

Fig-. 3: The effect of pyruvate concentration on the rate of 

reaction of E. friderici LDH-B heart phenotypes. Reac 
tion mixture (final concentration): pyruvate, as mndi 
cated; 0.13 NADH InN; 0.1 N potassium phosphate buffer 
pH 7.0; enzyme activity to give measurable 	reaction 
rate; Temperature, 17oC. 

Fig. 4: Heat inactivation of heart LDH different phenotypes of 
E・ fridericら  o・ 15 mM pyruvate, 0. 10 mM NADH, 	0.l M 
potassium phosphate buffer, pH 7.0, 25o C. 

Fig. 5: Heat inactivation of partially putified LDH thomotetra 
mers. 一  0.33 mM pyruvate, 0.13 mM NADH, 0.1 M potassium 
phosphate buffer pH 7.0,25 oC. ー  

Fig. 6: Heat inactivation of LDH skeletal and heart muscle ex 
( 	tra e七S from L ・ friderici heated for 20 i吐n at various 

temperatures 0.15 triM pyruvate, 0.10 mM NADEi, 0.1 N po 
tassiuxn phosphate buffer pH 7.5,. 25 oC. 

、l 

6, homotetramer B1 

Fig. 7: Weighted regression of Ldh-B and Ldh-B' gene frequen 
cies versus the time of capture. 
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TABLE l: Lac七a七e dehydrogenase ac七エVl七y of d工 fferen七 	phenoー  
types submitted to a 20 mM phosphocreatine concentra 
tion・  Assays conditions: 0.33 mM pyruvate, 0.13 mM 

NADH, potassium phosphate buffer pH 7.0, 25 o C. 

SowLce. 

0' 

LVH 

PheJ'Lo句pe 

U/rnJ 

Covi尤九oe WJJh Pho4phociiewUvie. 

Muscle AA 22.35 23.10 

Muscie AAI 23.60 26.70 

Heart BB 27. 30 27.45 

Hear七  BE' 24.05 23.95 

Hear七  B'B' 26.50 26.90 

Partialw 

ひmned A4 16.35 17.48 

Partial卸 
ひndfied B4 0.73 0.73 

Partialw 
J 

pirified B'、  0.75 0.80 

' 



、BLE 2: Percentage of inhibition of lactate dehydroqenase by 

1 mM and 10 mvi pyruvate concentration. 0.13 mM NADH, 

0.1 M potassium phosphate buffer pH 7.0, 17 o C. 

Pheno句peSo P！搾wae .e 	.e 	.e .e 	.e 	.e 	Conaev1tJLaれon 

1.0 rr 10.0 rtivI 

LDH-AA 65 

LDH-AA' 65 

T flH-BB 43 85 

LDH-BB' 30 74 

エDH-B'B' 15 70 



、  

' 

TABLE 3: Apparent Km (mM) values for pyruvate of L. friderici 

LDH different phenotypes. 0.13 mM NADH, 0..1 M potas 

sium phosphate buffer. 

Temp. 叱  pH LDIイ  
44 

LDH 

44' 

LVH 

BB 

LVH 

BB' 

LPH 

B'B' 

17 7.0 0.107 0.071 0.023 0.033 0.051 
7.5 0.133 0.148 0.090 0.119 0.077 

25 7.0 0.310 0.197 0.134 0.045 0.084 

7.5 0.347 0.669 0.137 0.190 0.196 

35 7.5 0. 393 0.545 0.150 0.172 0.295 
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t 

ndLE 4: Apparen七  Km (mM) values for lac七a七e wl七h L.かiderici 
skeletal and heart muscle extracts. 1mM NADH, 0.1 M 
phosphate buffer pH 7.0, 25 C. 

Phevto句pe 	Kni(m川  

U旺I一AA 
立預-AA' 
LDH-BB 
LDH-BE' 
LDH-B'B' 

1.38 
2.31 
0.79 
0.80 
0.91 
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TABLE 5: Inhib比ion pf L.friderici partially purified 	LDH 
isozyines by high concentration of pyruvate. 0.13 mM 
NADH, 0.1 M potassium phosphate buffer, pH 7.0,25 o C. 

iるozgne 

 

L川 /La-to 

 

A4 
	 1.73 

B4 
	 3.92 

B' z 	 4.33 

, 

0 



-4 

* 

S 
	 TABLE 6: Time of capture and djstrth 七ial of the LDR phenotypes 

obtained from E.frideriaL 

	CcUec為  LW-SB. LVtI-B8' LVH-B'S' To力叱  

1980-CBS. 31 40 6 77 

	 EXP. -28,49 - 33,91 	 14,60 	 

1982-cBS. - 	24 23 14 61 

	 DIP. 22,57 26,86 	 11,57 	 

1983-cfla. 28 24 U 63 

	 DIP. 23,31 - 27.74 	 11,94 	 

S 
b 
I 

1984-CBS. 

	 DIP. 

38 

.;......46,62 -: 

57 

55,49 	 

31 

23,89 

126 

m紅」  121 144 62 327 

x2 = 12,81 6d;f 
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$ 

I 
、  TABLE 7: Distribution of the Ldh-B gene frequencies obtained 

from L. friderio1 、吐七h 七ime of cap七ure・  

CoUec-t LVH-B LW-B' To.tc1 

1980-CBS. 102 52 154 

EXP. 90,89 	 63,11 	 

1982-CBS. 71 51 122 

EXP. 72,01 	 49,99  

1983-OBS. 80 46 126 

EXP. 74,37 51,63 	 

1984-a35. 133 119 252 

EXP. 148,73 103,27 

1ロTAL 386 268 654 

x2 = 8,45 3d.f 
、  

. 



' TABLE 8:Km values for pyruvate of L.fr-zder-ici and represen 

七ative ver七ebra七es. 

Specieる  &ooaJ 	 Km(mM} 	h 
Tempe九ct-ta'Le. 	Hevz.-t 	Muる cXe 

一  
K e6eiteiice 

Hop瓦as 

HoPzerythrinuS 

Ar aPaima 

Osteog加s s um 

Salve瓦nus fontina瓦S 

30 

30 

30 

30 

25 

0,33 

0,40 

0,15 

0,25 

0,08 3 

0,70 

1,30 

1,00 

4 ,80" 

1 

1 

1 

1 

2 

S. 	namay cus h 25 0,077 3,85* 2 

Hybrid splake trout 25 0,091 4,00* 2 

Carassius auratus 30 0,097* 0,048* 3 

"l瓦ChthyS mirabi瓦S 15 0,138 4 

Salmo Salar 25 25 0,048* 0,40* 5 

1〇  10 Bり  0,038* 6 
Fundulus heteroclitus 

10 Bでb 0,046* 
6 

10 B? 0,083* 6 

25 0, 4Q4* 6 

Me lanogramus aegle戸nus 25 0,037* 0,33* 7 

PseudopleuronecteS 

amerzCanuS 25 0,084* 0,56 8 

Oncorhynchus 25 B 	0,037* 0,65 9 

tschwgtscha 25 I B 	0, 075* 
4 

9 

Mixine glutinosa 25 〇,45大  o I53 0,53* lo 

LeporinUS friderid 25 BB 0,034 AA' 0,197 〇， 19 ii 

25 BB' 	o, 04 5AA 0,310 ii 

25 B' B' 	0,084 11 
、  

* Values obtained with partially purified isozymes. 

1. French & Hochachka (1978) ; 2. Wuntch & Goldberg (1970) ; 3. Yama 

waki & Tsukuda (1979) ; 4. Walsh & Somero (1982) ; 5. Gesser & Poupa 

(1973) ; 6. Place & Powers (1979) ; 7. Sensabaugh & Kaplan (1972) ; 

B. Markert & Holmes (1969); 9. Lim et ai. (1975); 10. 	Sidell 	& 

Beland (1980) ; 11. This study. 
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