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of cwllagenous fillers, as seen for example 
in peridorit it is, results fro111 pririury altera- 
tiori by the iriflariirnzatory 
dary attack by bacterial proteases. 

‘I’ r ea tm en t w it h ethylene oxicl c 
rendered reconstituted acid-soluble collagen 
readily digestible by colmibined pure cultures 
of human oral strains of fusiforrn bacilli, diph- 
theroid bacilli, streptococci, and veillonellae. 
The fact that only a few of these strains in- 
dividually attacked such altered collagen to a 
slight extent indicates digestion by synergistic 
and symbiotic reactions between members of 
the oral microbiota. Concomitantly with in- 
creased digestibility from treatment with 
ethylene oxide, reconstituted collagen exhib- 
ited marked morphological changes as re- 
vealed by electron microscopy. 
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Separation of 2 Glutamic-Oxalacetic Transaminases by Paper 
Electrophoresis.* (25469) 

GERARD A. FLEISHER, CLARENCE S. POTTER AND KHALIL G. WAKIM 
(With technical assistance of Marcella Pankow and David Osborne) 

Mayo Clinic and M a y o  Fn.,t Rochester, Ninn. 

The enzyme glutamic-oxalacetic transami- 
nase (GOT) has attracted considerable inter- 
est recently because its concentrations in 
blood and tissue are altered characteristically 
in a numiber of disease states. Methods of 
purification devised up to now( 1,2) have pro- 
duced no indication that this enzyme may oc- 
cur in more than one form. We observed that 
crude GOT in an extract of cardiac muscle 
from dog, when chromatographed on certain 
ion exchangers, behaves as a mixture of 2 en- 
zymes. When CM-cellulose was employed 
with phosphate buffer of pH 7.0 and r/2 = 
0.01 or less, one component was adsorbed and 
could be eluted a t  higher ionic strength and 
lower pH, while the other was adsorbed very 
little if at all. With DEAE-cellulose the be- 
- 
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havior olf the 2 fractions was reversed. These 
findings suggested that the 2 GOT’S may 
have opposite electrical charges a t  p H  7. To 
test this assumption, the paper electrophore- 
sis of crude preparations of GOT was inves- 
tigated. 

Methods and materials. Tissues were 
minced and extracted in a blendor with 3 vol- 
umes of cold water. The centrifuged extracts 
were concentrated several fold by ultrafiltra- 
tion at  0°C. The solutions were recentrifuged 
at  30,000 g. They were then applied, in pro- 
portions of 10 to 40 pl, containing about 1 to 
5 mg of protein, to the paper strips in a Spinco 
electrophoretic apparatus Model R. Phosphate 
buffer of pH 7.4, r/2 = 0.075, was used, 
often with the addition of one per cent bovine 
serum albumin as a stabilizer of enzymatic 
activity. Stabilization could be achieved also 
by applying quantities of tissue extracts cor- 
responding to the larger amount of protein. 
Current was 5 milliamperes, temperature 8”C, 
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time 45 hours. After electrophoresis the strips 
sometimes were dried partially in air (up to 1 
hour),  which did not cause loss of activity. 
They were cut into sections 5 mm wide, each 
of which was eluted with 2 ml of 0.9% NaCl. 
The various fractions were tested for GOT ac- 
tivity by the spectrophotometric method of 
Karmen a t  38"C(3). Enzymatic activities 
were expressed as percentages of total activity 
applied to the paper. \Yith the precautions 
specified, recoveries ranged from 70 to 80%. 
For study of the dependence of GOT activity 
on pH and on concentrations of a-ketogluta- 
rate and L-aspartate, use was made of electro- 
phoretic fractions a t  the peak of the bands. 
The  pH and substrate concentrations listed 
were those of the final test mixtures. For the 

differential test the conditions werr pH 6.0 
with 5 x 10 :< moles/'l of aspartate and pH 7.4 
with 10 rrroles/l of aspartate. In both tests 
t h y  cl-ketoglutarate was 2 x 10 moles/l, arid 
t tic. l~u f fe r  c.onc.entration and all other c-ondi- 
tiom were those of the stmtlarcl test at  1)H 
7.4. Because of the difference in substrate 
concentrations, the results in the special test 
a t  pH 7.4 were about 167% higher than in the 
standard test. 

Results and coiizinent. Electrophoretic pat- 
terns of GOT in heart extracts of man, pig, 
and dog are shown in Fig. 1. In  each instance 
there were 2 separate active fractions of which 
one migrated toward the anode, the other 
toward the cathode. In  the anionic activity 
the human transaminase always moved the 
fastest, the canine transaminase the slowest. 
On the other hand, differences in the rates of 
migration among the cationic enzymes are not 
necessarily significant. The  ratios of the sum 
of cationic to the sum of anionic activities 
\yere 1.15, 0.72 and 1.37, respectively, for hu- 
man, porcine, and canine heart. These pat- 
terns were obtained with 1 to 2 mg of tissue 
protein in the presence of serum albumin. In  
the absence of albumin the cationic bands 
were reduced to less than half: while the 
anionic bands were not affected. Increasing 
the amount of tissue protein applied to the 
paper was found to have the same beneficial 
effect as the presence of albumin in the buffer. 

The 2 bands of GOT activity behave dif- 
ferently toward changes in pH shown in Fig. 
2 for dog heart. The  activity of anionic GOT, 
relatively low a t  pH 6 and less, rises to a maxi- 
mum near pH 7.7. while the cationic GOT has 
a constant activity over this pH range. The 
former curve corresponds to that obtained 
with human serum(3) and with purified en- 
zyme from pig heart ( 1 ) .  

The dependence of the 2 enzymatic activi- 
ties on substrate concentrations was investi- 
gated a t  pH 6.0 and 7.4. The Nfichaelis con- 
stants determined from Lineweaver-Burk plots 
are summarized in Table I. The constants 
for L-aspartate at optimal concentration of 
ci-ketoglutarate show striking differences, in- 
dicating that cationic enzyme has much 
greater affinity than the anionic for this sub- 
strate. On the other hand the latter enzyme 
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TAULE 1. Michaelis Constants f o r  2 GOT Pr;ic- 
tions froin (:;mine Hear t .  

showed greater affinity for a-ketoglutarate 
than the former, but was inhibited a t  pH 6.0 
by concentrations abolve 4 x 

On the basis of these data a differential test 
a t  these 2 pH values was devised for the pur- 
pose of calculating the proportion of the 2 
GOT activities in unfractionated extracts. At 
pH 7.4 the sum of both activities was meas- 
ured with an excess of both aspartate and a- 
ketoglutarate; a t  pH 6.0 cationic GOT was 
determined in almost complete exclusion of 
anionic GOT by using a high concentration of 
a-ketoglutarate and (a low concentration of 
aspartate. The activity quotients (activity a t  
pII 6.0 divided by activity a t  pH 7.4) are 
summarized in Table 11. They were 0.415 to 
0.472 for cationic fractions of cardiac muscle 
and liver from different species, and 0.023 to 
0.02 7 for anionic fractions. The quotients 
found in crude extracts of heart (Table 111) 
indicate a distribution comparable to that 
which the electrophoretic separation of similar 
extracts had shown (Fig. 1) .  It is of interest 

moles/l. 

‘L‘AHLE 11. Activity Qnotients (Results at pll  
b;.O/Results at  pH 7.4) of Cationic a n d  Anionic. 

GOT. 

that the ratio between activities in canine and 
human liver is similar to the ratio between ac- 
tivities in the 2 kinds of heart, while serum 
from 3 patients with myocardial infarctioln 
and one with acute viral hepatitis gave indica- 
tions for only small portions of cationic trans- 
aminase (Table 111). 

We have also studied the electrophoretic 
behavior of glutamic-pyruvic transaminase in 
heart and liver. There was no indication, 
however, for the presence of more than one 
component. 

TABLE 111. Activity Quotients (Results a t  p€I 
li.O/Kesult,s at yH 7.4) of Extracts  a n d  Serums: 
a t i d  Calcnlatecl Port ions of Cationic Transaininase. 

Catioiiic 
83urce Quotient GOT, 9% 

~~ 

Crude extracts 
Heart  Dog 

M:rn 
Pig 

Liver Dog 
R.z :I 11 

Scrii tris 

3Ilyocarclial iiif arction 

Iiif ec t ious h epat i  t i s 

281  
.241 
2 0 3  
.235 
.248 

.057 

.(I67 

.074 

.053 

60 
49 
46 
51 
51 

7 
9 

11 
6 

We are presently engaged in purification of 
cationic GOT. 

Su?ninary. By use of paper electrophoresis 
of crude extracts of heart and liver, 2 frac- 
tions with GOT activity were olbtained, one of 
which migrated toward the anode and showed 
the known characteristics of serum GOT, 
while the other migrated toward the cathode 
and exhibited different affinities for both U- 
ketoglutarate and L-aspartate. 
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