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Summary 

During early embryonic development chicken heart pyruvate kinase 
exhibits kinetic properties similar to the mammalian type L isozyme. 
Pyruvate Kinase in the adult heart exhibit kinetic properties similar 
to the mammalian type M isozyme. The embryonic isozyme is probably 
the K isozyme of fetuses and the adult isozyme is probably the M 
isozyme. The changeover from isozymes K to M can be monitored kineti- 
cally during development. 

Mammalian tissues contain three electrophoretically distinct 

isozymes of pyruvate kinase (EC 2.7.1.40) that are not interconver- 

tible (l-7). They are the type K, M and L isozymes. 3 Type K is the 

only isozyme in fetuses; it is also found in various adult tissues. 

Type M is found in striated muscle and brain. Type L is found in 

liver, intestine, kidney and erythrocytes (8). Only two electorphore- 

tic forms of pyruvate kinase have been found in chicken tissues (9). 

Type M isozyme was found in breast muscle, thigh muscle and heart 

ventricular muscle; type K isozyme was seen in spleen, lungs, 

erythrocytes, kidney, liver and jejunum. Type K and L isozymes have 

sigmoidal kinetics with PEP4 and FbP; type M on the other hand has 

hyperbolic kinetics and is not activated by FbP. 
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4 
Isozyme designation is that used by Strandholm, et. &. (8). 
Abbreviations used: Phosphoenol pyruvate, PEP; Fructose 1,6- 

bisphosphate, FbP. 

Copyright 0 1977 by Academic Press, Inc. 
AI1 rights of reproduction in any form reserved. 

1117 

ISSN 0006-291X 



vo:. 75, No. 4, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

In this communication we want to show that during development 

the chicken heart has a pyruvate kinase whose kinetic properti'es are 

of the K type and before hatching the kinetic properties become those 

of the M type, indicating a changeover from isozyme K to M during 

development. 

Materials and Methods 

Fertile eggs were obtained from a local hatchery; they were in- 
cubated in a Leahy incubator. Embryos were removed from the egg and 
the heart was dissected out, and washed in ice cold isotonic KCl. 
Hearts were removed from KC1 and frozen in aluminum foil at -20°C 
until homogenization. Hearts were homogenized in 1:3 W/V of 0.15 M 
KC1 in a Virtis 23 homogenizer with semi micro adaptor for small 
quantities of tissue. Tissues were homogenized for 90 seconds and 
remaining lumps were broken with a hand homogenizer. The homogenate 
was centrifuged at 30,000 XG for 15 minutes, the precipitate was 
discarded and the supernatant was dialyzed against 3 one liter changes 
of 0.15 M KC1 for three hours. A heavy precipitate formed during 
dialysis was removed by centrifugation. As result of the precipita- 
tion of inert proteins the specific activity of the enzyme increased. 
The dialyzed enzyme was stored at -20°C overnight or for one week 
without activity loss. A precipitate always formed upon storage which 
was removed by centrifugation. There was a further loss in protein, 
which in combination with the protein loss above resulted in a four- 
fold purification. 

The enzyme was assayed spectrophotometrically by measuring the 
rate of NADP+ reduction at 340 nm according to the procedure of Pogson 
(1968). Enolase activity was determined by the procedure of B"ucher 
(13) - Protein was determined by the method of Lowry et, al. (12). -- 

Results and Discussion 

The 10 day heart has a pyruvate kinase isozyme that gives sig- 

moidal kinetics with PEP. The adult isozyme exhibits hyperbolic 

kinetic with PEP (Fig. 1). FbP activates the embryonic enzyme at low 

PEP concentrations and changes the shape of the PEP saturation curve. 

FbP is a potent activator of embryonic chick heart pyruvate 

kinase during the early days of development, i.e., up to about 12 days 

of embryonic development. During the latter half of the developmental 

period the activation by FbP decreases drastically(Fig. 2). In this respect 

the tine of changeover from isozyme embryonic to adult in the develop- 

ing chick heart resembles that which occurs in chicken thighSmuscle 

(9). Mammalian type L isozyme is strongly inhibited by ATP and the 
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Figure 1. Activity of pyruvnt-e kinase from 10 day emhryoni~. chicken 
heart ( 0 0 0 ) and adult c,hicken heart ( b A AL). Imbryonic 
heart in the absence FbP (-eS); in the presence of FbP (+ 4). 
Adult heart in the absence of FbP (e) and in the presence of FbP 

CCC)* 

IO 12 14 16 ADULT 

AGE OF EMBRYO (IN DAYS) 

Figure 2. Effect of FbP on the stimulation of chick heart pyruvic 
kinase during embryonic development. 
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Table 1. The effect of metabolites or1 the activity of embryonic ilnd 
adult chicken heart pytwvate kin,ase. 

Percent Inhibition 

Metabolite ------- e-m 

Cone Embryo Adult 
(mM) (10 day) 

--------- -----. 

Phenylalanine 3.0 24 46 
1.0 14 10 

Alanine 3.0 58 20 
1.0 40 17 

Pyrophosphate 1.00 26 25 
.50 12 21 

5’ ATP 1.00 34 16 
.50 38 10 

M type is inhibited by phenylalanine (10). The adult chicken heart 

isozyme ismildlyinhibited by ATP and the isozyme from the embryonic 

chick heart is also inhibited by ATP (Table 1). Strong -inhibition 

by phenylalanine further suggest that the adult chick heart pyruvate 

kinase is comparable to mammalian type M. Alanine which moderately 

inhibits the adult heart enzyme strongly inhibits the embryonic chick 

heart pyruvate kinase. 

Thus the chicken heart undergoes an almost complete changeover 

in pyruvate kinase isozymes during development. On the basis of 

their kinetic properties and the electrophoretic data of other avian 

tissues from other laboratories (9, lo), the embryonic isozyme is 

the K type and the adult is the M type. The changeover in isozyme 

pattern can be easily detected by monitoring the kinetic properties 

in partially purified enzyme preparations. 

1120 



Vol. 75, No. 4, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

1. 

2. 
3. 
4. 

5. 
6. 

7. 

8. 

9. 

10. 

11. 
12. 

13. 

References 

Susor W.A., and Rutter, W.J. (1968), Biochem. Biophys. &, ____ 
Commun. 30, 14. 
Susor, W.A., and Rutter, W.J. (1971), Anal. Biochem. 43, 147. -- 
Imamura, K., and Tanaka, T. (1972), J. Biochem. (Tokyo) 71, 1043. 
Whittell, N.M., Ng, D.O.K., Prabhakararao, K., and Holmes, R.S. 
(1973), Camp. Biochem. Physiol. B 46, 71. 
Ibsen, K.H., and Trippet, P. (1973), Arch. Biochem. Biophys. -_ 
Carbonell, J., Feliu, J.E., Marco, R., and Sols, A. (1973), Eur. 
J. Biochem. 37, 148. ___- 
Farina, F.A., Shatton, J.B. Morris, H.P., and Weinhouse, S. 
(1974), Cancer Res. 34, 1439. 
StrandhonJyCardenas, J.M. and Dyson, R.D., (1975) 
Biochemistry 14, 2242-2246. 
Cardenas, J.M., Blachly, E.G., Ceccotti, P.L. and Dyson, R.D., 
(1975) Biochemistry 14, 2247-2252. 
Cardenas, J.M. Dyson, R.D., and Strandholm, J.J., (1974) in 
Isozymes, Vol. I (Markert, Cila, ed.) Academic Press, New York, 
pp. 523-541. 
Pogson, C.I. (1968) Biochem. J., 110, 67-77. 
Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. 
(1951) J. Biol. Chem. 193, 265-275. 
Biicher,-Theodor, (1955) in Methods in Enzymology, Vol. 1 (Colowick, 
S.P. and Kaplan, N.O., eds) Academic Press, New York, pp. 427-435. 

1121 


