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Hexok inase isozymic profiles from the liver of 68 ver tebra te species are presented. T h e compar i son 
of the diverse pa t te rns observed, as well as the kinetic and physicochemical proper t ies of t he 
isozymes, reveals that the hexokinases from m a m m a l s are very s imilar to those from tur t les a n d 
a m p h i b i a n s . T h e hexokinases from bi rds , l izards and snakes on the o the r h a n d are similar within 
themselves and different from the enzymes from m a m m a l s and a m p h i b i a n s . Liver py ruva te 
kinases show about the same behavior. T h e hexokinase system from ver tebrate muscle however 
is very uniform in all the species s tudied consis t ing mainly of hexok inase B. 

ISOZYMES HEXOKINASES PYR UVA TEKINASES EVOLUTION 

T h e t ruly enormous variety of living o rgan i sms purposes and therefore p resumably permit 
sharply contras ts wi th t he (by compar i son) adap ta t ion to diverse ecological niches . T h e 
mono tonous uniformity of the biochemical great amoun t of scattered avai lable information 
mach inery of t he same o rgan i sms . Al though a h a s not been yet comprehensively collated (see 
few react ions, e.g. p igment biosynthesis , build- however Hochachka and Somero (1) ) . 
ing of cell wal ls , etc., may be considered typical 
for some t axa , some fundamenta l processes T h e recognit ion of isozymes, i.e. mul t ip le 
(best i l lustrated by the universal i ty of the molecular forms of enzymes ca ta lyz ing the 
genetic code, the conservat ism of protein s ame reaction in a cell or o rgan i sm, h a s pe r -
synthesis and the ubiqui ty of glycolytic reac- mit ted a profitable approach to the s tudy of 
t ions) a re found to be s imilar wherever inves- biochemical diversity since isozymes usually 
t igated. Never theless , even within t he uniformity present quali tat ive and quant i ta t ive differences 
of the metabol ic b luepr in t some la t i tude must when studied in a variety of o rgan i sms . T h e 
exist to account for such different resul ts as elegant s tudies of M a r k e r t and his g r o u p (2, 
Escherichia coli and Elephas maximus. It is 3) and of several o the r invest igators on t he 
impor t an t then to ca ta logue a n d unde r s t and isozymes of lactate dehydrogenases and o ther 
molecular differences especially in the in ter- systems (for a review see M a s t e r s and Holmes 
mediary , exergonic react ions of t he metabol i sm ( 4 ) ) have i l lustrated the usefulness of th i s 
of o rgan i sms . In fact, these processes a re the approach to t he study of evolution and molecu-
ones on which cells depend upon for energet ic lar t a x o n o m y 1 . 

'The detection of isozymes has resulted in a useful device to study several problems of organismic biology. 
In fact, the use of isozymes (allozymes) as genetic markers has become a standard tool in taxonomy and population 
genetics. A proper utilization of the isozymic phenomenon, however, should be based on the understanding of 
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T h i s essay will review da ta ga thered in ou r 
labora tory on the isozymology of t he hexokinases 
a n d pyruva te kinases from ver tebra tes in a 
a t tempt to offer a compara t ive view of glucose 
ut i l izat ion which m a y be used as a p robe to 
u n d e r s t a n d the mechan isms of enzyme evolution 
a n d its significance to the overall per formance 
of o rgan i sms . Needless to say, no clear answer 
will be forthcoming but some proposa ls which 
can lead to exper imenta l tests will be put for
ward . 

The Hexokinases from the Liver of Vertebrates 

Several r epor t s from th i s l abora to ry (6-13) have 
deal th with t he isozymic system cata lyz ing 
the phosphory la t ion of glucose in ve r t ebra te liver. 

Scheme 1 

G l u c o s e 6 - P + A D P 

T h e four hexokinases ( A T P : o - h e x o s e 
6-phosphot ransfe rases , E C 2.7.1.1) were 
called A, B, C , and D , pr imar i ly according to 
their o rde r of elution from die thylaminoethyl -
( D E A E - ) cellulose co lumns (6) . L a t e r on , 
their kinetic proper t ies and subs t ra te speci
ficities (for reviews see 12, 14-17) were also 
taken into account. 

A s u m m a r y of the ch roma tog raph ic p ro 
files observed in t he liver of 68 ver tebra te 
species is depicted in Fig. 1. T h e an imal s s tudied 
have been grouped together wi th in each C las s 
of ver tebrates according to the presence o r 
absence of one or m o r e isozymes, i.e. t ak ing into 
account qual i ta t ive differences only . Q u a n t i 
tative var ia t ion (relative propor t ion of each 
isozyme) of the pa t t e rns has also been observed 
wi thin t he g roups (18, 19) but because of 
assay res t r ic t ions , dietary condi t ions , etc., we 

th ink tha t quant i ta t ive enzyme profiles are a 
poor indication of the metabol ic state of the 
t issues or of the under ly ing control mechan i sms 
involved (see for ins tance, 20-22) . 

M a m m a l s have so far presented five diferent 
hexokinase pa t t e rns (Fig . 1, top). T h e pa t te rn 
A B C D may be also present as A C B D in some 
rodents , e.g. Mus, Cavia, Mesocricetus (8). 
Hexok inase A is the only isozyme which is never 
absent in all the m a m m a l s so far s tudied. N o 
s imple t axonomic re la t ionships can be derived 
from the profiles observed. 

Kinetic and physicochemical charac te r iza
tion of the par t ia l ly purified m a m m a l i a n hexo
kinases have shown quite distinct p roper t i es 
for each member of the system ( T a b l e i). O n 
the basis of several facts (for reviews see 12, 15, 
16) it h a s been concluded tha t each m a m m a l i a n 
hexokinase is the product of a separa te g e n e 2 . 

O n the o ther h a n d , a lmost n o var ia t ion is 
observed in the case of t he hexokinases from 
Aves and h igher Rept i les (10 , 11). In fact, t he 
hepat ic isozymic pa t t e rns from birds, l izards , 
serpentes and Amphisbaena alba a r e very 
s imilar (Fig . 1, second and third rows). N o n e 
of these an ima l s possess a subs t ra te - inhib i ted 
isozyme (hexokinase C) or a high K m i sozyme 
(hexokinase D ) . Moreover , the proper t ies of 
the isozymes from birds (Tab l e n ) and h igher 
Repti les (Tab l e m) differ so marked ly from 
those of m a m m a l s ( T a b l e i) that , for the t ime 
being we have chosen not to use t he designat ion 
employed for m a m m a l s ( A B C D system), a n d 
have used a provisory nomenc la tu re (a # y) 
ins tead) . 

T h e hexokinase pa t te rn from tur t les (Fig. 1, 
third row, extreme left) a r e qual i ta t ively si
mi la r to the m a m m a l i a n type A B C D . Also, the 
p roper t i es of tur t le hexokinases (Tab l e iv) , 
albeit not so well s tudied, a re very s imilar to 
those of m a m m a l s , except that hexokinase C 
h a s yet to be clearly identified in tur t les (11) . 

T h e isozymic profile from the liver of an 
individual Caiman latirostris (Fig. 1. third 
row, extreme right) shows two hexokinases ( T . 

the biological role of the multiplicity of enzyme forms. The realization that research on the role of isozymes is just in 
its very beginnings (5) may become a surprise to many workers. 

2 T h e quaternary structure of vertebrate non-mammalian hexokinases has not been studied. It seems safe, 
however, to consider all vertebrate hexokinases as products of separate genes, i, e. not the result of hybrid combinations 
as in the lactate dehydrogenase system (24). 
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VERTEBRATE HEXOKINASES 

O d o n f o p h r y n u s 
T e l m a f o b i u s 
A Isodes 
Pieurodema 
Bvfo 
Rhinoderma 

Gaiaxias 
S. gairdnen 

Taricba . Ambystoma 
Xenopus 
Ceratophrys 
Calyptocephaleita, Batrachyla 
Leptodactylus, Eupsophos 

Rana 
Hyta 

S. trutta 
Halaelurus 

AMPHIBIA 

PISCES 

Fig. 1. The Hexokinases from Vertebrate Liver. A summary of chromatographic profiles of the hexokinases from 68 
vertebrate species. In all cases DEAE-cellulose columns were used for the separation of isozymes. Small vertical 
lines indicate KC1 concentrations (0-100-200-300 mM) at which the isozymes elute. Horizontal shades indicate 
that the enzyme peak is inhibited by high glucose concentrations. Inclined shades indicate that the enszyme peak has 
a value for glucose > ImM. The different categories of isozymic profiles are based on the absence of one or more 
isozymes within each Class of vertebrates. Because most species present a unique quantitative hexokinase pattern, 
the idealized profiles here represented constitute a rather average pattern within each category. 

Ure ta , unpub l i shed) . Because of the very low 
activity levels of the isozymes no kinetic cha
racter izat ion was possible. H o w e v e r , t he 
ch roma tog raph i c mobil i t ies of both hexoki 

nases a re similar to those of the m a m m a l i a n 
isozymes A and B. In other words , Caiman hexo
kinases are very different from those of b i rds 
a n d h igher Rep t i l e s 3 

- , The Order Crocodilia is considered a derivation from an Archosaurian stock, i.e. the same ancestral stock 
that originated birds. In fact, several anatomical features of both groups have led to the hypothesis — with which 
many zoologists agree — that crocodiles are more closely related to Aves than to any other living reptiles (25). However, 
the common origin of birds and crocodiles is becoming a controversial area. Although space restrictions do not allow 
an extended discussion on this problem, we would like to point out the profound differences observed in karyotypes 
and D N A nuclear content between birds and crocodiles (26-28). Those differences, as well as our own observations 
on vertebrate hexokinases, suggest closer relations between birds and serpentes on the one hand, and crocodiles, 
turtles and mammals on the other. 
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T a b l e I 

Some properties of the glucoe phosphorylating isozymes from mammalian liver 

Parameter A 
Hexokinase 

B C D" 

Substrate specificity0 relative Vmax 

Glucose 1.0 1.0 1.0 1.0 
Mannose — — 1.0 0.8 
2-Deoxyglucose — — 1.0 0.4 
Fructose 1.1 1.2 1.3 0.2 

Michaelis constants mM 
Glucose 0.039^:0.004* 0 .162±0 .043 ' 0 .035± 0.008' 5 .4±0.9« 
Fructose' 3.1 3.0 1.2 12 
A T P 0.4 0.7 1.3 0.5 

mMKCl 
Chromatographic mobility11 7 0 ± 1 0 1 5 2 ± 1 0 1 5 3 ± 1 9 2 2 4 ± 9 

Molecular weights' 100,000 100,000 100,000 55,000 

"The substrate-inhibited isozyme; T h e high K m tmeoM isozyme (also called glucokinase); 'From Table i of Ure-
ta (12); ''Mean ± S.E. of measurements on hexokinase A from 15 species (T. Ureta, J. Radojkovic, S. Zepeda and M. Rozo, 
manuscript in preparation); 'Mean ± S.E. of observations on hexokinase B from 7 species (Ureta el al. in preparation; 
'Mean ± S.E of measurements on hexokinase C from 5 species (Ureta el al. in preparation); 'Mean ± S. E of values on 
hexokinase D reported by Niemeyer et al. (23); "Mean ± S. E of observations from 5 rodents reported by Ureta et al. (8). 

T A B L E II 

Some properties of the glucose phosphorylating isozymes from avian liver 

Hexokinase 
Parameter a & 

Substrate specificity0 relative Vmax 

Glucose 1.00 1.00 
Mannose 2.00 0.87 
2-Deoxyglucose 2.04 1.12 
Fructose 2.24 1.89 

Michaelis constants mM 
Glucose 0.113±0.026'' 0 .083±0 .012 ' 
Mannose" 0.079 0.099 
Fructose" 4.32 2.62 
ATP" 1.24 0.66 

mM KC1 
Chromatographic mobility" 119±15 1 7 4 ± 1 2 

Molecular weights'1 98,000 95.000 

"Measurements on the hexokinases from chicken liver (9); 'Mean ± S.E of observations on hexokinase 
a from 6 avian species (10); 'Mean ± S. E of measurements on hexokinase 0 from 7 avian species (10); 
d Mean ± S.Eof observations on 13 avian species (10). 
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T A B L E I I I 

Some properties of the glucose phosphorylating isozymes from the liver of higher reptiles 

Parameter a 
Hexokinase 

' 0 y 

Substrate specificity relative V 

Glucose 1.00 1.00 
Fructose 1.32" — 1.49" 

Michaelis constants mM 
Glucose 0 0 4 1 ± 0 . 0 0 4 c 0.079±0.028" 0.114* 
Fructose 3.9" 10.8" 4.9" 

mM KC1 
Chromatographic mobility 1 3 4 ± 1 3 ' 1 6 6 ± 1 4 ' 2 0 1 ± 2 1 ' 

aA single measurement on the enzyme from Tachimenis peruviana (unpublished experiments of J. 
Radojkovic and T. Ureta); *A single measurement on the enzyme from Liolaemus grauenhorstii (un
published); 'Mean ± S. E of measurements on hexokinase a from the liver of Liolaemus tennuis, Amphis-
baena alba, T. peruviana and Dromicus chamissoms (11); "Mean ± 5. E of measurements on hexokinase 
0 from L. gravenhorstii, L. tennuis and A. alba (11); 'Mean ± S.E of measurements on the hexokinases 
from 10 species of reptiles excluding turtles (11); 'Mean ± S. E of observations on 7 species of reptiles 
excluding turtles (11). Dashes indicate measurements not performed. 

Four hexokinases can be demons t r a t ed in 
a m p h i b i a n liver and their proper t ies (Tab l e 
v) a re a lmost identical to those of m a m m a l s . 
However , any given amph ib i an displays only 

three isozymes and the profiles so far observed 
are either of the type A B D or C B D (Fig. 1, fourth 
row). A detailed study of the amphib ian hexoki
nases h a s recently been repor ted (13, 30) and 

T A B L E I V 

Some properties of the glucose phosphorylating isozymes from turtle liver 

Hexokinase 
Parameter A B C D 

Su bstrate specificity relative \ m . ax 

Glucose — 1.00 1.00 1.00 
Man nose — 1.21» — 0.89* 
2-Deoxyglucose — 1.11 s — 0.31* 
Fructose — 1.22° 1.22* 0.25* 

Michaelis constants mM 
Glucose 0.051 ± 0 . 0 2 5 ' 0.119 ±0 .017" 0.111; 0.211* 4.6' 
Mannose — 0.143' — 11.7* 
Fructose — 24.3" _ — 

mM KC1 
Chromatographic mobility1 48 ± 5 146 ± 1 7 1 7 3 ± 6 237 ± 7 

"Inhibition by excess substrate has not been documented for turtle hexokinase C; * A single measurement on 
the enzyme from Geochelone chilensis (J. Radojkovic and T. Ureta, unpublished); c Mean ± S.E. of measurements 
on hexokinase A from three species of turtles (11); "Measurements on the enzyme from two species of turtles (11); 

of the enzyme from G. chilensis (11, 23); 'A simple measurement on the enzyme from Hydromedusa tecttfera 
(J. Radojkovic and T. Ureta, unpublished); 'Mean ± S.E. of observations on three epecies of turtles (11). Dashes 
indicate measurements not performed. *A single measurement on the enzyme from G. chilensis ( M L . Cardenas, 
personal communication). 
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T A B L E V 

Some properties of the glucose phosphorylating isozymes from amphibian liver 

Parameter A B 
Hexokinase 

C D 

Substrate specificity relative \ m a x 
Glucose 1.00° 1.00° — 1.00" 
Mannose 1.04" 1.74° — 0.64" 
2-Deoxyglucose 1.44" 1.84° — 0.31* 
Fructose 1.62° 1.14° — 0.70" 

Michaelis constants niM 
Glucose 0.061 ± 0 . 0 0 6 ' 0 .094±0.015° 0 .044±0.005° 2 . 5 ± 0 . 4 ' 
Mannose 0.54° — — — 
2-Deoxyglucose 0.28° — — — 

Fructose 9.8° 15.2° 1.35' 430' 
ATP 1. C 2' ATP 

mMKCl 
Chromatographic mobility' 4 2 ± 7 147±11 1 1 4 ± 3 2 2 58 ± 2 0 

Molecular weights 100,000* — — 55,000' 

"Measurements on hexokinases A and B from Bufo spinulosus; 'Observations on hexokinase D from four anuran 
species; 'Measurements on hexokinase A from B. spinulosus, Odontophrynus americanus and Telmatobius halli; 
"Mean ± S. E of measurements on hexokinases from five anuran species; 'Mean ± S. E of values obtained on hexokinase 
D from four amphibian species; 'A single measurement on the enzyme from Calyptocephalella caudwerbera (29); 
•Mean ± S.E of observations performed on 28 amphibian species; "A single observation on hexokinase A from 
B. spinulosus using sucrose gradient centrifugation; 'Mean of measurements on hexokinase D from Ambystoma 
mexicanum, B. spinulosus and C. caudwerbera. All results, except those in', from Ureta et al. (13). Dashes indicate 
measurements not performed. 

the relevance of the isozymes for the t axonomy 
and phylogeny of chilean a n u r a n species is 
discussed e lsewhere in this S y m p o s i u m (31) . 

A few fishes have been analyzed a n d their 
ch romatograph ic pa t t e rns of hexokinases have 
been included in Fig. 1, bottom. T h e very low 
hexokinase levels of fish liver have so far p re 
cluded the study of their kinetic proper t ies . 

A compar i son of the ch roma tog raph ic and 
catalytic proper t ies of the hexokinases from 
ver tebra te liver shows that the isozymes 
from m a m m a l s , tur t les and a m p h i b i a n s a r e 
closely s imilar wi th in themselves , and at t he 
same t ime markedly differ from the isozymes from 
birds and h igher rept i les . T h e scheme of Fig. 2 , 
which is still " r a t h e r an express ion of feeling 
than a p a i n t i n g " s imply pos tu la tes that a m u 
tat ion occurred in the evolut ionary line leading 
to Aves and h igher Rept i les , markedly affecting 
their hexokinase genes (13) . Note that crocodi
les are though t to have escaped this puta t ive 

i 3 

muta t iona l event . 
W e have asked ourselves whe the r th is m u t a 

t ional event h a s affected in some way the u t i 
l ization of glucose in the an ima l s concerned. 

After all , glucose phosphory la t ion do occur 
in the liver of birds a n d rept i les , a n d the var ia t ion 
of Michae l i s cons tants , a l though significant, 
is ra ther smal l . T h e d i sappea rance of hexoki 
nases C and D in avian and rept i l ian liver is not 
wi thout parallel in m a m m a l s (see Fig. 1, top) 
However , the following facts show that t he 
regulat ion of glucose ut i l izat ion in b i rds a n d 
h igher repti les may be qui te different to that of 
m a m m a l s : a) blood glucose levels in b i rds a re 
twice those observed in m a m m a l s ; b) t he regul 
at ion of blood glucose levels is, by far, less strict 
in repti les than in m a m m a l s ; c) t he injection of 
h igh doses of insulin to birds does not provoke 
hyperglycemic convulsions as it does in m a m 
m a l s ; d) total pancrea tec tomy in birds, l izards 
and serpentes is followed by a prolonged period 
of hypoglycemia last ing several days instead 
of the marked p e r m a n e n t hyperglycemia 
which it produces in m a m m a l s , tur t les and 
al l igators (for reviews see 32-34) . It is t e m p t i n g 
to speculate tha t at least some of those dif
ferences are causal ly related to the diverse 
isozymic reper to i re of glucose p h o s p h o t r a n s 
ferases. 
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Fig. 2. The Evolution of Hexokinases. A second edition of a simplified scheme of hexokinase evolution (12). The 
idealized patterns at top are intended to illustrate examples of chromatographic profiles of some species, but within 
each taxa the relative proportion of the isozymes may vary considerably. See Fig. 1 for identification of the examples 
shown in this scheme. The circle on the line leading to Aves and Squamata marks the postulated mutational event re
ferred to in the text. It must be stressed that this is N O T a phylogenetic tree of Vertebrates but a proposed phytogeny 
of a particular enzyme system in the realm of vertebrate species. Needless to say, no temporal scale is intended. 

The hexokinases from vertebrate muscle 

T h e variabi l i ty of the hexokinase isozymic 
pa t t e rns observed in the liver of ver tebra tes 
sharp ly cont ras t s with the uniformity of isozymic 
profiles of the same system in skeletal muscle . 
Fig. 3 shows the hexokinase pa t t e rns of h ind-
leg muscle from some ver tebra tes . In some 
species a small amoun t of hexokinase A may 
be observed but most of the activity is accounted 
for by hexokinase B. T h e ch roma tog raph i c 
mobil i ty, as well as the kinetic proper t ies (not 

shown) of the major muscle hexok inase a r e 
almost constant in all the species so far studied. 

T h e uniformity of hexokinase expression in 
muscle may be accounted for by the marked 
functional specialization of the tissue which 
forbids a lmost any var ia t ion of isozymic p r o 
files to occur since those var ia t ions may be de
t r imenta l to its contracti le task . T h e liver t i ssue, 
with its variety of functions, may be considered 
as an organ which h a s to deal wi th the changes 
in amoun t and quali ty of nu t r i en t s . T h u s , a larger 
n u m b e r of isozymes may be necessary for a 

THE EVOLUTION OF HEXOKINASES 

Still "Mehr Ausdruck der Empf indung als Mahlerei" 
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Fig. 3. The Hexohinases from Vertebrate Muscle. The 
isozymes from hindleg muscle were separated by DEAE-
cellulose column chromatography. The horizontal scale 
represents the KCI concentration at which the isozymes 
elutc from the column. The major activity peak corresponds 
to hexokinase B. 

proper overall hepat ic function and the dif
ferences in the pa t t e rns displayed may be related 
to the type of env i ronment in which the an imal s 
live. 

The Pyruvate Kinases from Vertebrate Liver 

T h e differences in the regulat ion of ca rbohy
dra te metabol i sm a m o n g aves a n d repti les on 
the one h a n d and m a m m a l s on the other , a re not 
directly expla ined by the diverse hexokinase 
isozymic pa t t e rns of those an ima l s . Nonethe less , 

these different isozymic profiles give us a lead 
to further explore the molecular basis of such 
metabol ic differences. T h u s , one may ask w h e 
ther or not hexokinases a re the only glycolytic 
enzyme system which differs in the an imal s 
s tudied. Fig 4 shows isozymic profiles of the 
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Fig. 4. Pyruvate Kinases m Vertebrate Livci. I he iso/yrncs 
were separated by chromatography on DEAE-cellulose 
columns according to Garnett et at. (35) and the enzyme ac
tivity assayed with the hexokinase-coupled radioassay 
described by Preller and Ureta (36). The same column 
was employed in the four experiments here depicted. From 
top to bottom: albino rat, common sparrow, long-tailed 
snake and Chilean frog. The arrows (i) mark the addition 
of KCI to the eluting buffer. 
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system cata lys ing t he formation of pyruva te 
in the liver of a few ver tebra tes ( A T P : pyruva te 
phosphot rans fe rases , EC 2.7 .1 .40, trivial n a m e : 
pyruva te kinases) . 

Scheme 2 

ADP + PEP Pyruvate + ATP 

Although a very small n u m b e r and range of 
species have been so far studied with respect to 
pyruva te kinases , it is clear that m a m m a l s and 
a m p h i b i a n s present an almost identical pa t 
tern of pyruva te kinases which is different 
from the pa t t e rns present in avian and rept i l ian 
liver. W e have not studied the kinetic proper t ies 
of the pyruva te kinases in the var ious taxa to 
ascertain whether the diverse pa t t e rns a r e also 
accompanied by al tered proper t ies of the isozymes. 
Oc hs and H a r r i s (37) in a compara t ive study of 
the regulat ion of pyruva te kinases from rat a n d 
chicken liver repor ted marked differences 
within the two enzymes in their r e sponse to t he 
admin is t ra t ion of glucagon and cyclic A M P . 

Propositions 

F u t u r e work of our research group will be a imed 
to document further differences in isozymic 
pa t t e rns of ver tebra tes including other enzyme 
systems of the glucose uti l ization pa thways . All 
of this work is leading t owards the ul t imate 
goal of detailed knowledge of the role of enzymes 
and isozymes in metabol ism which is necessary 
for definitive unde r s t and ing of their role in 
evolution. W e will proceed with the following 
work ing hypotheses : a) A species may be con
sidered as a u n i q u e molecular solution to t he 
the rmodynamic problem of envi ronmenta l 
ad jus tment ; b) the his tory of th is u n i q u e so
lution h a s occurred th rough changes at the 
genetic mater ia l affecting both the p r imary 
s t ruc ture of prote ins and the regula tory mecha

n i sms of gene express ion; c) n a tu r a l selection 
acts only sort ing out muta t ions affecting t he 
genetic mater ia l resposible for t he regula t ion 
of protein activity; d) enzymes (isozymes) of 
a metabolic p a t h w a y are coordinately affected 
du r ing evolution. 
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R E S U M E N 

Se presentan los perfiles isoenzimáticos de hexo-
qu inasa de hígado de 68 especies de ver tebra
dos . L a comparac ión de los diversos perfiles o b 
servados, así como de las p rop iedades cinéticas 
y fisicoquímicas de las i soenz imas , revela q u e 
las hexoqu inasas de mamíferos son muy simi
lares a las de tor tugas y anfibios. L a s hexoqu ina 
sas de aves, lagart i jas y serpientes , por o t r a pa r 
te, son similares entre sí y diferentes a las enzi
m a s de mamíferos y de anfibios. Las p i ruva to -
qu inasas de hígado mues t ran a p r o x i m a d a m e n t e 
la mi sma conducta . El s is tema hexoqu inasa 
de músculo de ver tebrados es m u y uniforme en 
las especies es tud iadas y consiste p r inc ipa l 
mente de hexoqu inasa B. 
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