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Ho10 glutamate-aepartate tranaaminase from pig heart 

has been purified by Lis (1958) and by Jenkins et a1.(1959), 
These preparations contain eBaentially .the supernatant enzyme 
(Wada and Merino, 1964). Preparations homogeneous in the ul- 

tracentrifuge and in free boundary electrophoresis had an 

o'D'280~/O*D'362~ ratio of 10 at pH 9; this property was 
often used as a routine criterium for purity. Hetereogeneity 
of preparations which met these specifications has recently 
been reported (Jenkins.1965). It is the purpose of the present 

communication to show that such preparations contain multiple 
forma of the supernatant enzyme differring ia specific activity, 
spectrophotometric properties and motility on starch gel elec- 
trophoresis. 

Experimental. GOT prepared according to Jenkins et a1.(1959) 
ueiug euccinate buffer instead of maleate (Turano et a1.,1964), 
when analyzed by starch gel electrophoreeis (Barret et a1.,1962) 
was found to contain three major components, hereafter indicated 

asd, 
P 

and )I in order of increasing motility (Figure 1). The 
three components were separated by two successive chromato- 
graphiee. 500 mg of protein in 30 ml of 0.02 111 sodium acetate 
buffer, pH 5.4 were placed on a CM-aephadex column (4 x 40 cm) 

(O) Postdoctoral Fallow of the U.S. Public Health Service 
(6F2 HD-24,447-OIAI). 

Note: Abbreviations used, Glutamate-aspartate transaminase - GOT 
Pyridoxal phosphate - PLP 
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origin- 0 - 1 - 2 - la - 1 b -origin 

Fig. 1. Starch gel electrophoresis patterns. 0) original enzyme 
preparation containing the&k and r bands and traces of a faster 
moving component. 1) chromatographic fraction I, containing the 

bands and traces of the fast component. 2) chromatogra- 
$Edf)rraction2 I containing predominantly the d band. la) chro- 
matographic fraction la, containing predominantly ther band. 
lb) chromotographic fraction lb, containing predominantly the 
P band and traces of the 
nent. The motility of 

r band and of the faster moving compo- 
the bands contained in fraction lb is the 

same before and after incubation with PLP. 

equilibrated with the buffer. The column was washed with 
the same buffer at increasing concentrations according to 
the following pattern: 100 ml of 0.04 M, 200 ml of 0.06 M, 
and a linear gradient with 1 liter of 0.06 M in the mixing 
chamber and 1 liter of 0.11 M in the reservoir. One protein 
peak (fraction 1) emerged with 300 - 600 ml; a second peak 

(fraction 2) emerged with 800 - 1200 ml. On starch gel 
electrophorssis fraction 1 gave the 

P Ondr bands, while 
fraction 2 gave essentially the d band (Fig. 1). Fraction 1 

wa8 resolved acoording to Scardi et al. (1963) and re-cbroma- 
tographed on a CM-sephadex column (2 x 12 cm) equilibrated 
with 0.02 M sodium acetate buffer, pH 5.4. The column was 
washed extensively with the same buffer at a concentration of 
0.07 M. A protein peak (fraction la), containing mostly the 

r 
band, emerged with the washing. The molarity of the eluting 
buffer was then raised to 0.2 M and a seoond protein peak 
(fraction lb) containing mostly the 

P 
band was obtained. The 

electrophoretic patterns, enzymic activities and spectral 
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wavelength mp 

Fig- 2. Variation of the enzyme absorption spectrum with fra- 
ctionation on Cbf-sephadex. 0) enzyme (5.0 mg/ml), prior to the 
first chromatography. 1) fraction 1 (3.9 mg/ml). 2) fraction 2 
(4.6 mg/ml). All spectra were recorded in 0.05 M sodium aceta- 
te buffer, pH 5.4. 

wavelength my 

Fig. 3. Absorption spectra of the fractions (0.1 $( solutions) 
obtained from the first chromatography on CM-eephadex and 
submitted to the resolving treatment of Scardi et a1.(196#3). 
1) fraction 1, pH=5.4. 2) fraction 2, pHc5.4. 3mction 1, 
in 0.1 M NaOH. 

properties of the various fractions are reported in figures 
1 to 3 and in Table I. 
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TABLE I 

PROPERTIES ON THE PROTEIN FRACTIONS PRESENT IN COT PREPARATIONS 

Enzyme Electrophoretie COT specific Spectral properties 
preparation bands (Fig.1) activity (O) pH=5.4 pH=8.5 

max 
E1$ 

max 
El% mfl cm Y" cm 

Supernatant 340 0.58 340 ("0) 
COT 430 1.00 362 1.45 

Fraction 1 f t I 40 340 0.90 340 (00) 
430 0.70 362 0.87 

Fraction la Y 1 340 1.40 340 1.40 
(000) 

Fraction lb P , traces of lr 80 430 1.14 362 1.68 
(0001 

Fraction 2 d , traces of P 100 430 1.15 362 1.70 

(0) Micromoles of oxalacetate formed per minute per mg of protein 
at 25eC under the assay conditions described by Lis (1958). 

(00) Only a shoulder is visible at 340 rn?. 
(coo) Fractions la and lb recovered from the second chromatogra- 
phy were incubated for 30 min at 25cC with 1 x 10m3bf PLP in 0.2 
M sodium acetate buffer, pH 5.4; excess PLP was removed by chro- 
matography on Sephadex 6-25; the protein fractions obtained by 
this treatment were then used for determining the properties 
reported in the Table. Some preparations of fraction lb presen- 
ted a small peak or shoulder at 340 9, depending upon the amount 
of the contaminating traces of the 

I 
band present in the prepara- 

tion. 

Results and discussion. The above results show that 
currently used preparations of GOT contain at least three 
distinct proteins, two of which (fractions 2 and lb) are enzy- 
matically active and, on the basis of their spectra (Figs. 2 
and 3; Table I), can be thought to bind PLP as an apoenzyme- 
coensyme Schiff base (Guirard and Snell, 1964). The third 
cgmponent (fraction la), though provided with negligible COT 
activity, can be reasonably assumed to be structurally rela- 
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ted to the other two for the following reasons: a) the amino 

acid compositions of each of the three components are identi- 

cal to that reported by Turano et al. (1963) for a GOT 

preparation containing a mixture of them; b) the three 

fractions do not present immunological hetereogeneity 

when tested by the Ouchterlony (1949) technique; c) the 

three fractions have an identical PLP content. It also 

seems reasonable to think that PLP is bound to the inactive 

component in a peculiar way since: a) at pH 5.4 its coenzyme 

absorption maximum is at 340 7 and not at 430 “p as .in the 

d and P components (Table I; Fig. 3); b) the maximum at 

340 mp is not affected by resolution according to Scardi 

et al. (1963) (Fig.3) nor by the addition of glutamate and 

ketoglutarate nor by treatment with NaBH4, nor by shifts of 

pH between 5 and 8.5 (for the effects of these treatments 

on the 430 7 p eak of GOT, see Cuirard and Snell (1964)); 

cl the 340 7 peak is shifted to 390 7 by treatment with 

0.1 M NaOH (Fig,3) (indicating release of free PIP, which 

can be recovered by chromatography on Sephadex 0 25). 

A detailed study of the structural and functional 

properties of the three components is under way. At present 

it is not clear whether these different forms are biolog- 

ically determined or just reflect the isolation procedures. 

It is worth noting, however, that o( GOT predominated in all 

the preparations so far studied, being approximately 2/3 of 

the total enzyme on a protein basis. When resolved (Fig. 3 ) , 

this form appears to be the first reported apoGOT devoid of 

spectral bands indicative of bound coenzyme. We finally wish 

to point out that the multiple forms of GOT described in the 

present paper are all to be ascribed to the supernataut 

enzyme, since we have found (unpublished results) that also 

the enzyme isolated from mitoohondria contains multiple 

subforms, all of which can be easily distinguished from the 
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supernatant enzymes, because, under the conditions used, they 
migrate on starch gel electrophoresis towards the cathode. 

Hence, it can be concluded that there exist multiple 
forms of both supernatant and mitochondrial enzyme. This 
fact would explain some of the reported discrepancies (Henson 
and Cleland, 1964; Nisselbaum and Bodansky, 1964; Boyd, 1961) 
on the kinetic behaviour of the isozymes of GOT. Finally, the 
present findings could help in the interpretation of part of 
the spectrophotometric results obtained by Evangelopoulos and 
Sizer (1963) on an enzyme preparation containing a large 
proportion of material absorbing at 340 m)z. 
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