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1. Introduction 

Aspartate aminotransferase (L-aspartate-2-oxoglu- 
tarate aminotransferase, EC 2.6.1 .l .) is widely 
distributed in animal and plant tissues as well as 
bacteria [l-3] and represents an important link 
between carbohydrate and amino acid metabolism. 

Most of the studies on aspartate aminotransferase 
(AAT) have used the cytoplasmic pig heart enzyme 
[4-61. It is a dimer, formed by two identical sub- 
units of mol. wt 46 200. Each subunit is made of one 
polypeptide chain of 4 12 amino acid residues. The 
primary structure has been established [S-7], how- 
ever the secondary and tertiary structures are still 
unknown, even though preliminary data on the 
crystallization of the pig and chicken heart AAT, as 
well as the low resolution structure of chicken heart 
AAT, have been published [8-lo]. 

A number of amino acid residues have been identi- 
fied from the active site of this enzyme, namely, Lys- 
258 [11,12],Tyr-40 [13] and Cys-390 1141. The 
secondary structure could provide useful information 
on the enzyme conformation, and on the topology of 
the active site. 

The use of statistical information derived from the 
primary structure to predict the secondary structure 
of a protein is now widely accepted [ 151. That the 
nature and sequence of the amino acids are the main 
factors that determine the folding of the polypeptide 
chain has been supported by experimental evidence. 
The more successful [ 161, predictive method introduced 
by Chou and Fasman [ 17,181, is used here. 

2. Methods and results 

The prediction of secondary structure by inspec- 
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tion of the primary structure consists of a series of 
rules, based on the assignment of conformational 
parameters (normalized frequencies) to each of the 
20 amino acids [ 17,181. Even though originally, only 
the normalized frequencies with which each of the 
20 amino acids appeared in a-helical regions and 
P-sheets seemed to be important, it appeared that the 
participation of the amino acids in the so-called 
p-turns gives the protein a globular rather than linear 
character [19]. 

A computer program that lists both the individual 
helical, P-sheet and p-turn conformational parameters, 
as well as the probability products for groups of 6,5 
and 4 amino acid residues, respectively, was obtained 
from K. K. Kannan, Wallenberg Lab., Univ. Uppsala. 
This program allows the prediction of the secondary 
structure using the criteria in [17,18], and also per- 

mits the modification proposed in [20] which uses 
the product of the conformational parameters of the 
group of residues involved in the structure, instead of 
the average value proposed in [17,18] (fig.1). It can 
be seen that both methods gave similar results, but with 
discrepancies, the product method was preferred. 

The predicted secondary structure of aspartate 
aminotransferase from pig heart is represented in 
fig.2, in relation to its primary structure. Fig.3 is the 
usual ‘arrow and cylinder’ representation of one 
possible model of the secondary structure of AAT, 
drawn more or less to scale but constrained to 2-di- 
mensions for the sake of clarity. Care has been taken 
to leave &, /II4 and the turn after (~,s together, since 
3 residues of the active site, namely, Tyr-40, Cys-390 
and Lys-258 lie respectively on p2. PI4 and on the 
turn. These 3 structural patterns have been marked 
on fig.3. 

The amount of o-structure predicted by this 
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Fig.1. Prediction of or-helix for cytoplasmic AAT from pig 

heart, over amino acid residues 320-346. P, product is the 

product of the conformational parameters P, of 6 adjacent 

amino acids. <Pa > is the arithmetic mean of 6 adjacent 

amino acids. The P, product clearly differentiate the second- 

ary structure forming and non-forming regions. 

method is 36.7%; 29.4% offl-structure and 16.5% of 

the amino acids are involved in turns. 

3. Discussion 

The predicted values for (Y- and p-structure, agree 
well with data obtained from CD and ORD which 
gave 37% o-helix for the cytoplasmic enzyme and 
40% a-helix for the mitochondrial enzyme, together 
with a high content of cut/3 structure [ 11. High values 
for both helical and P-structures as found in this 
enzyme have been found also in alcohol dehydrogen- 
ase from horse liver with 30% helical structure and 
34% &structure and in aspartate carbamoyltransferase 

HELIX P-PLEATED SHEET REVERSE TURN 

Fig.2. Schematic diagram of the regions of secondary structure of cytoplasmic AAT from pig heart. The one-letter symbol has 

been used in the primary structure representation according to the code: A, Ala; V, Val; L, Leu; I, Be; P, Pro; F, Phe;W, Trp;. 

M, Met; G, Gly; S, Ser; T, Thr; C, Cys; Y, Tyr; N, Asn; Q, Gln; D, App; E, Glu; K, Lys; R, Arg; H, His; B, Asx; Z, Glx. 
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Fig.3. A possible model of the predicted secondary structure of cytoplasmatic AAT from pig heart in the usual ‘cylinder and 
arrow’ representation. The arrow lengths have been scaled to 3.5 A/AA, the cylinder lengths are 1.5 A/Ah, the random coiled 
and P-turn regions have been scaled to 3.0 A/AA. The model has been forced to 2 dimensions for the sake of CiaritY. & a4 and 
the p-turn after a,, should be a part of the active site. 

from Escherichia coli [20]. These two enzymes 
present a secondary structure with >I catalytic 
domain. 

The model based on the predicted secondary 
structure of AAT shows a a$? topologyfpacking 
diagram according to the classification in [Z 1 J. The 
characteristic feature of this group of proteins is that 
most of the P-strands are separated by o-helix. This 
type of packing would be illustrated by the groups 

P4, o7, Ps, &, ars, & and Pr3, QB, 014 in our model 
(fig.3). In this group of proteins, with >300 amino 
acid residues, the structure can be separated in 31 
domain [21]. This might be also the case of AAT 

with 412 amino acid residues. The model, schematized 
in fig.3, illustrates this possibility, since it shows two 
main &structure domains: 
(i) That which would contain the active site, is a 

&pleated sheet formed by the strands &, PIa1 &+ 

PU and PII; 
(ii) That where a pleated sheet would be formed by 

the strands 04, Ps, 66, h, &,&I and PIO. 

The possibility of >I domain deserves further 
investigation, because, notwi~standing the specificity 
of pig heart ~ytopIasmic AAT for its natural substrates, 
a variety of amino- and oxo-compounds, whether 
metabolically relevant or not, have been found capable 
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of serving as substrates [24]. Cytoplasmic AAT from 
pig heart can also utilize aromatic amino acids as 

substrates [23,25]. Phenylalanine transaminase 
activity of the pig heart AAT was confirmed [25], 
where competitive inhibition of the transamination of 
aspartate by phenylalanine and other aromatic amino 

acids (as well as by methionine) was observed. Similar 

observations have been made in 1271. 
The low resolution tertiary structure of cytoplas- 

mic AAT from chicken heart appeared in [lo]. It is 
not possible to compare directly our predicted second- 

ary structure with the results of the chicken heart AAT, 
for several reasons: 

(1) 

(2) 

(3) 

The chicken and pig enzymes have important 
differences in: the amino acid composition; the 
kinetic constants; the immunological response. 
All these facts indicate that there are great 
structural dissimilarities between the AAT 
enzymes from different animal species [28]. 
The chain tracing in the low resolution tertiary 
structure of the chicken heart enzyme is not 
complete yet, and as pointed out, ‘the course of 
the chain is reliable only on the position of the 
helical segments’ [ lo]. 
The complete primary structure of the chicken 
heart enzyme is not yet known, so that a pre- 
diction of the secondary structure of this mole- 
cule is not possible. 

The only obvious similarity in the chicken and pig 
AAT secondary structure at this point, seems to be 

the high a-helix content. 
Although X-ray diffraction results on tertiary 

structure will be definitive, the predictions of second- 
ary structure presented here might stimulate the 
initiation of new studies that can explain the 
mechanism of action of this molecule. 
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