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(1970), most of its activity is probably found in the region around the
central vein where the mitochondria are smaller. Kishino and Seki (1971),
however, reported high activities in the perilobular area of rat liver
when it is fed a 70% casein diet but low activity in that area when the
rats are fed a 5% casein diet. An attempt to localize QAT in rat liver
cells by immunoflorescence, showed it to be present throughout the
cytoplasm with no indication whether this was specifically in the
mitochondria (Brennan et al., 1970). Lehninger claims that in eukaryotes,
transaminases are present both in the mitochondria as well as the
cytoplasm matrix, differing in physical-chemical properties according

to location (Lehninger, 1970. p. 437). It is possible that QAT occurs in

such multiple forms known as isozymes.

Methods of

of
The on the
and organ used. For rat groups headed Peraino and Katunuma
induced a ten-fold increase in the rats
diet a few Peraino and
chilled the tissue in Q. «0 with
0, and Qs sucrose and extracted the mitochondrial
Peraino communication first
freezes the excised livers in to solubilize the enzyme
and zes them in O, Tris, 8.0 with 0. 0,

itochondrial fraction 1s not taken.
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Strecker (1965) prepared the homogenate in 0,25M sucfose and
sedimented the mitochondrial fraction. To get maximum yield, however,
he took the total homogenate, centrifuged at 40,000 x g for 30 minutes,
and the residue was resuspended in 0,054 phosphate, pH 7.4. After homo-
genizing, PAL-P was added. Katunuma et al., (1964) prepared their
homogenates in 0.25M sucrose containing lmM MgCly, and separated the
mitochondrial fraction. Yip and Collins (1971 ) did the same except that
they left out the MgClye
To prepare the original homogenate from plig kidney, Jenkins and Tsai
(1970) used only the cortical region and did not separate a mitochondrial
fraction. They used citrate buffer, pH 4.6 with PAL-P.
Different methods are employed to prepare & crude extract from
plants. Vogel and Kopac (1960) ground Neurospora with 0.1M phosphate

buffer, pH 7.9 which was 2mM in glutathione. For Chlamydomonas, Sudi and

Dénes (1967) took the acetone-dry powder of the cells and extracted
with pyrophosphate buffer, pH 8.5, in a mortar.

At some point the OAT has to become solubilized. Generally this is
accomplished by sonicating the homogenate or by quick-freezing elther
the tissue or homogenate in dry ice-acetone (Strecker, 1965) or liquid
nitrogen (Peraino, personal communication). Volpe and Strecker (1968)
reported homogenizihg the tissue in neutralized 0.25M sucrose, freezing

it overnight, thawing,and sonicating for one minutes

‘Heat and pH treatments

Several research group reported highly successful results with pH
and heat treatments, usually performed on the crude .homogenate or its
supernatant after a certain amount of centrifugation. Occasionally it was

done after ammonium sulfate fractionation. Table 2 compares some of the



conditions which resulted in little or no loss in activity.

Table 2. Heat and pH treatments used in OAT purification.

Chlamydomonas | Rat liver Rat liver Pig kidney

(s4di and (Matsuzawa, (Peraino (Jenkins and
Dénes, 1967) |et al., 1968)| et al., 1969)| Tsai, 1970)

pH 3e7 = 865 5.5 = 6,8 5,8 — 8.0 Lo o= 7.6
Change
Temp. No heat 607 55° 53° 65°
| Heat
Dura—‘ . 15 ing~-
tion momemr 1 min 1 min min tant

Ammonium sulfate fractionation

The amount of ammonium sulfate needed to precipitate OAT depends
© on the components already present in the solution, and therefore it is
not useful to compare the percentages of ammonium sulfate saturation
used by varioﬁs research groups without knowing the exact contents of
their solutions.

Except for crystallization, Peraino's ammonium sulfate treatment
is his last step in purifying OAT and is a more involved procedure.
The solution is brought to a concentration of 30% w/v with the salt.

. The resulting pellet is resuspended in a small volume of buffer, and
the enzyme is again regained from the pellet which is then resuspended
in a largervvolume of buffer with OAT now remaining in the supernatant.

The awove steps are usually repeated twice and the enzmyme is
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crystallized (Peraino et al., 1969). Since ammonium sulfate
causes non-enzymatic color development when QAT is assayed (Peraino
and Pitot, 1963), it should be dialyzed out. Dialysis was reported
by Katunuma et al. (1964); Strecker (1965); and Jenkins and Tsal

(1970).
Other purification steps

Other steps used in the purification of OAT included DEAE~
cellulose chromatography (Katunuma et al., 196L; Strecker, 1965;
Matsuzawa et al., 19683 and Jenkins and Tsai, 1970). Matsuzawa's
group (1968) precipitated OAT from a DEAE~cellulose column effluent
with 75% v/v acetone. Sudi and Dénes fractionated with acetone between

B0-60% v/v.
Results of purification

The degree of success of purification can e evaluated by noting
the percent recovery and change in specific activity. Table 3 compares
the results of several reseaxch groupss

Although Jenkins and Tsal achieved the highest purification in
comparison to starting material, they obtained only 6.bmg of OAT from
35 pounds of pig kidney. Such figures were not available for Matsugzawa's
group. Peraino's group began with less than two pounds of rat
‘livers and finished with 62mg of CAT. Therefore probably Peraino
was the most successful in achieving high yield as well as supposedly

pure crystals.
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Table 3. The results of purification attempts.

Final % Specific Activity |__ fold
Recovery Original FinalPurification

Rat liver 13 _ _ ”
Peraino and Pitot, 1963

Rat liver _ 1
Katunuma et al., 1964 0.28 115 +00
Rat liver En

Strecker, 1965 17-50 0.l 12.6 31
Chlamydomonas 4

S4dL and Denes, 1967 51 0.56 18.5 33
Rat liver - _ _

Matsuzawa et al., 1968 700-9501 2000
Rat liver I 0 1

Peraino et al., 1969 h ‘ 97 035 1000
! : ‘
| Pig kidney ol 0.00 6o 10000
Jenkins and Tsai, 1970 5 2

| Rat kidney 1.4 ol 660
| sanada. et al., 1970 57 9

Rat kidney 6 0.0l 23, 0
Yip and Collins, 1971 2 3 307 55

Properties of Ornithine Aminotransferase

Regulation
The activity of OAT can be affected in various ways: by
1) substrates, 2) feedback inhibition, 3) diet regulation, 4) hormones,
5) natural and artificial inhibitors, 6) other enzymes, and 7) by
diseases
Both substrates effect OAT's activity but in different ways.
Ornithine was found to be an inducer of OAT4production. In the rat

liver, a 20% casein diet with 8% D,l~ornithine was found to increase the
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specific activity of OAT by 250.6%. The effect was much less,
however, in the rat kidney, an increase of only 28.7% (Civen et al.,
1967). Strecker (1965) who then considered#-ketoglutarate, glyoxylate,
and pyruvate all to be amino acceptors for ornithine, found all to be
inhibltory to OAT activity under assay conditions in rat liver. Rat
kidney OAT but not rat liver OAT was activated "under proper conditions®
by “~ketoglutarate or PAL~P (Kerman and Strecker, 1971). In Chlamy-
domonas, a high concentration of ~ketoglutarate was found to be
inhibitory but high concentrations of ornithine were not (Siidi and
Dénes, 1967). Jenkins and Tsai (1970) did not find much inhibition
by dicarboxylic acids (not specified) at the optimum pH but did not
find K~ketoglutarate to be a strong inhibitor at low pH's.

Metabolite regulation of OAT is rather involved. Oxaloacetate from
the Kre®'s cycle is a competitive inhibitor of OAT activity. Ammonia,
a product of glutamate catabolism inhibits the Kreb's cycle. This
decreases the supply of p-ketoglutarate which in turn slews down QAT's
activity to form glutamate (Katunuma et al., 1965 and 1966). Volpe
and Strecker (1968) also showed that inhibitiom by glutamate occurred -
but only in rat kidney, not liver. On the other hand, Jenkins and
Tsai (1970) claimed that glutamate slightly activates in pig kidney.

A high protein diet induces OAT activitye. A diet high in protein
(60-90% casein) is fed to rats for several days preceding their killing
in order to induce OAT's formation. The activity was increased ten=-
fold in rat liver after 24 hours of a 90% casein diet (Pitot and
Peraino, 1963). A high protein diet caused an increase in the diameter
of an average mitochondfion as well as an increase in OAT activity

(Swick et al., 1970). When carbohydrates are the sole food source,

sy
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liver OAT activity decreases., It is also decreased by arginine and
increased by arginine deficiency. (Civen et al., 1967, reported
that arginine and proline slightly increased the enzyme's activity.)
In rat kidney, a carbohydrate diet increases activity; leucine, valine,
and isoleucine also increase it but glutamate decreases it. Both the
liver and kidney engzymes increase in actiity with methionines This
data led Volpe and co-workers (1969) to suggest that OAT may exist in
two forms: 1in the liver for arginine synthesis and in the kidney for
arginine metabolism to glutamate.

The effects of forms of estrogen and glucocorticoids on OAT have
been studied. Estrogen increased OAT activity in rat kidneys but not
livers (Herzfeld and Knox, 1968). However, hydrocortisone increases
the activity in rat livers but not kidneys (Herzfeld and Greengard,
1969), The glucocorticoids, cortisone and £riamcinolone, inhibited
protein stimulation of OAT although they stimulated the response of
serine dehydrogenase to dietary protein (Peraino, 1968). 1In rat
mammary gland, Yip and Knox (1972) found OAT activity to parallel that
of arginase from pregnancy through involution, both enzymes increasing
presumably for pfoline gynthesis, as milk production increased. OAT
activity reached 43% of that in the control liver. Probably this
increase in activity was induced by an increased level of estrogen.

In addition to the substrates, many substances have been studied
for their inhibitory effects. Sudi and Dénes (1967) found high concen-
tr&tions of L-~valine, D,lL~norvaline, I~leucine, lrisoleucine,ﬂlamin0~
‘butyric acid, I~glutamate, and L~glutamine to be inhibitory. Jenkins
and Tsai (1970) also repbrted L-norvaline to inhibit but L~glutamate
to slightly activate. Xatunuma's group (1964) found canalline, which

resembles ornithine in structure, to be strongly inhibitory. L-valine
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and l-isoleucine as well as oxaloacetate which competes with o=ketoglu~
tarate were also inhibitorse Inhibitors of PAL~P, like hydroxylamine
and is%ﬁcotinamide hydrazide, also inhibit OAT activity (Katunuma et
ale, 196U4),

Since QAT catalyzes a reversible step, it is influenced not only
by substrates but also the enzymes which influence their production.
According to Volpe et al.,(1969), rat liver probably has enzymes
necessary in the direction toward proline synthesls or arginine syn-
thesis, but rat kidney is known to be deficient in carbamyl phosphate
synthetase and ornithine transcarbamylase and therefore OAT might be
nostly used in the pathway of arginine catabolism.

In 1971, Katunuma's group reported finding a new enzyme that
inactivates the apo-protein of some pyridoxal enzymes like OAT by
splitting each apo-enzyme into a smaller protein and an oligopeptides
The "splitting enzyme* is found in the small intestine and skeletal
muscles (almost none in the liver, kidney, heart, and brain) in higher
amounts when the rats have been on a pyridoxal deficient diet. They
suggested that this new enzyme may play a role in regulating the rate
of degradation of pyridoxal enzymes by protecting the decrease of
PAL~P in the more important organs. A 500-fold purification and
properties of this protease were reported in 1972 (Kominami et al.y
1972). In the rat small intestine a reciprocal relationship, which can
_ be expressed in the following equation,

262

-

Vq%plitting enzymé}
was found between the activity of OAT and this protease.

Clinical work has demonstrated that OAT can also be affected by
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diseases Studies with tumors in rat liver have shown that implantation
of a neoplasm in adults caused a significant decrease in OAT activity.
It implanteﬂduring development, the tumor inhibited the formation of
OAT but did not hinder glucocorticoids from inducing a premature rise

of OAT (Herzfeld and Greengard,1972).
Substrates
Substrate speéificity

L-ornithine cannot be replaced by D-ornithine (Strecker, 1965), nor

by lysine (Vogel and Kopac, 1960; Peraino and Pitot, 1963; Yip and
Collins, 1971), nor by cadaverine or putrescine (Yip and Collins, 1971).
Conflicting results have been reported as to whether O-ketoglutarate is
the only substrate that can accept the dmino group. GQuastel and Witty
(1951) reported transamination to pyruvate to be more frequent than to
-ketoglutarate or oxaloacetate but they wereusing only crude homoge-~

- nates. Meister (1965, p. 355) indicated that pyruvate, A-ketoglutarate,
Oeketobutyrate, and glyoxylate could be substrates although in a
previcus paragraph he had stated that glyoxylate transaminates non-
enzymatically with several amino acids. Strecker (1965) listed Oi-keto-
glutarate, glyoxylate, and pyruvate but suggested vi~ketoglutarate to he
the physioclogical substrate. The following relative reaction rates were

reported by Katunuma's group (1964):

K-ketoglutarate 100
glyoxylate 19
pyruvate 3
oxaloacetate 0.7

Jenkins and Tsai (1970) gave the following relative rates:



A~ketoglutarate

glyoxylate

d=-ketoadipate

Pyruvate

oxaloacetate

100
16

16

o-ketoglutarate was found to be the only amino acceptor with OAT by

Peraino and Pitot (1963) and by Yip and Collins (1971).

The latter

stated that both glyoxylate and pyruvate react non-enzymatically.

Michaells constants

The Michaelis constants for the substrates have been reported by

several investigators and are recorded in Table 4.

Table 4,

Michaelis constants for OAT's substrates.

Neurospora |rat liver | rat liver| Chlamydo- | pig rat
» monas kidney | kidney
Vogel and |Peraino and| Katunuma | 8di and | Tsai Yip and
lopac, 1960|Pitot,1963| et al.1984| Dénes,1967 1968 Collins 1971
ORNITHINE
K;:M il’l mM i 20@ 7.2:": 08 0.60 14‘0)*;’5 3. 5:9
L -KETO-
GLUTARATE
M in mM 1.7 1-1:'_". 01 0082*;‘5 2.55 306 1‘0

:Binding sites for the substrates

5Ud1 and Dénes (1967), Tsai (1968), and Peraino (1972) all suggest

separate binding sites for ornithine and <=ketoglutarate within one

catalytic center and that the substrates bound to either site could react
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with the same function of the%cund coenzyme. Sudi and Dénes and Tsai
base this idea on inhibitor studies. All three sources also relate this
to the two half reactions that occur according to the general mechanism
of transaminases. It 1s proposed that two forms of the holo-enzyme
are acting in the overall transamination reaction.
Step 1.
pyridoxal enzyme + ornithine.spyridoxamine enzyme + glutamate semialdehyde
Step 2.

pyridoxamine enzyme + K-ketoglutarate —spyridoxal engzyme + glutamate

Peraino®s experiments (1972) sﬁowed quite different pH optimum ranges
for the two half reactions. For the first half reaction the optimal pH
range was found to be 8-10, and for the second half it was reported to
be optimal at pH 6-8. The different ionic properties for the two half

reactions suggest two binding sites.,
_The coengzyme, pyridoxal phosphate

Like other transaminases, QAT requires some form of vitamin Bé as
coenzyme. leister (1965, p. 382) stated that the coenzyme is tightly
bound to the transaminase, that dialysls over several days does not
diminish the enzymé's activity. Treatment with Sephadex G-25 caused
no loss in activity demonstrating that the coenzyme is tightly bound
(Peraino et al., 1969).

Peraino (1972) reported that the pyridoxamine form of OAT reverts
to the pyridoxal form if K-ketoglutarate is not present. Amino acids
in the medium slow down the rate of reversion. Tris and ammonium ions

shift the eqiilibrium toward the pyridoxamine form. Peraino also
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reported that excess pyridoxal phosphate (beyond that normally bound)
partially inactivates the enzyme (not below 30% of normal level) by a
fully reversible binding which is prevented by Tris and ammonium ions.
Further binding of PAL-P does not cause additional inactivation which
suggests that only some of the lysine residues (the amino acid to

which PAT~P is bound) are necessary for catalysis.

Optimal pH

Table 5 compares the optimal pH's reported.

Table 5. ©pH optima for OAT according to source.

Neurospora Fincham, 19573 8.0
Vogel and Kopac, 1960 7.4
Chlamydomonas Sudi and Dénes, 1967 8.5
Peanut Mazelius & Fowden, 1969 8.0
Rat liver . Peraino and Pitot, 1963 7olt
. Katunuma et al., 1964 8.2
Yip and Collins, 1971 7e6~748
Perainc, 1972 8.15
Rat kidney Sanada et al., 1970 8
: Yip and Collins, 1971 | 76708
Pig kidney Jenkins and Tsai, 1970 &

Molecular properties

The molecular welght of the holo-enzyme and its sub-units is
discussed in Part Two. The amino acid content of QAT has been
determined by Peraino's group (1969), 20% of the weight was contributed
by glutamic acid and aspartic acid. Tests showed that the cysteine
and thiol contents were equal demonstrating that the molecule has no

disulfide bonds. Only 20-25% of- the thiol groups were reactive with
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L

DTNB. Upon denaturation with urea or sodium dodecyl sulfate, the
remainder reacted with DTNB (Peraino et al., 1969). Nishiyama (1972)
reported that the reaction of DINB with the holo-enzyme revealed four
sulfhydryl groups while reaction with the apoenzyme showed ten. On
denaturation with guanidine, both the hole- and apo~enzymes were found
to have twelve titratable sulfhydryl groups. Nishiyama also reported

that other tests suggested that histidine and cysteine are involved

in catalysis,
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Part One: The Purification of Beef Kidney OAT —

Materials, Methods, and Results

I, WYWaterials and Eguipment

Beef kidneys from freshly slaughtered Angus or Hereford cows or
steers, 12-24 months old, were trimmed of ureters, pelvis, and fat.
The kidneys were sliced into small pieces and immediately frozen in
liguid nitrogén. The frozen pieces were then either used immediately
or stored at ~ 70°C.,

Tris (hydroxymethyl) aminomethane and pyridoxal-5-phosphate were
obtained from Sigma Chemical Company as were L~ornithine-HC1l and
o~ketoglutarate. Ortho-aminobenzaldehyde was purchased from ¥ and K
laboratories. Ior the studies on enzyme inhibition, L~norvaline,
I~glutamic acid, iodoacetamide, and p-chloromercuribenzoic acid (pCMB)
were obtained from Sigma Chemical Company. Leglutamine was purchased
from‘Nutxitional Biochemicals Coxporation. All other chemicals used
were of reagent grade.

GCentrifugation was carried out using an International EHquipment
Corporation model B-20 or B-20A or Sorvall, model RG2-B refrigerated

centrifuge.

IT. ZHEnzyme Assay and Protein Determination

DAT assay

The assay for OAT was based on the absorbance at 440 nm of the
quinagolium product formed by the reaction of the cyclized product of
ornithine aminotransferase (pyrroline-5-carboxylate) and o-aminobenz-

aldehyde. The assay mixture (Peraino,1972) consisted of the following:
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0e7 ml of 0,0715M L-ornithine~HCL in 0.1M KHoPOy, PH 8.0
(50mM final concentration in incubation mixture)

0.1 ml of 0.25M O-ketoglutarate in distilled water, pH 6.8
(25mM final concentration in incubation mixture)

Oedlml 1% o-aminobenzaldehyde in 22.5% ethanol

(0AB was dissolved in 95% ethanol, warmed if necessary

to effect solution, and then diluted with 3 volumes of

distilled watem)

0.1 ml test solution containing enzyme to be measured

(For a control, 0.01M Tris-Cl, pH 8.0, with O.lmM PAL-P

replaced the test solution.)
The reaction mixture was incubated at 37°C in a Dubnoff metabolie
shaking incubator, usually for 10 minutes. Figure 3 shows the reaction
to be strictly linear only for a 10 minute incubation pericd. Substrates
were present in excess for the reaction from O time through 30 minutes
and probably through 60 minutes. Fig. 4 shows the effect of increased
protein concentrations on the observed enzyme activity under the
standard assay conditions. Aliguots of a 20~fold purified sample of
the énzyme were diluted to the various protein concentrations showne.

The incubation reactions were always terminated by the addition of

1 ml of 10% trichloroacetic acid and centrifuged for about 30 minutes
at top speed in a clinical céntrifuge to sediment the precipitated
proteins. The absorbance of the supernatant was read at W40 nm in a
Perkin-Blmer Coleman 124 double beam spectrophotometer. One unit of

enzyme activity i1s defined by an Ao of 1,000 (1 cm path length) in

30 minutes, (Peraino, 1972).
Protein determination

The procedure of Lowry et al., (1951) was followed using bovine

serum albumin as the standard. Absorbance was read at 500 nm.



figs 3. Relationship of enzyme activity to assay incubation time.
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ITI. Preliminary Purification Methods and Results

Throughout the purification procedures, the enzyme solutions were
kept at about Mﬁc by means of immersion in ice W®aths.

The buffer for the crude homogenate was

100mk Tris
150mM XC1
0.10mM PAL~P
in distilled water with pH adjusted to 8.0
For all subsequent steps, the buffer was
10mM Tris
OsdlmM PAL-P
in distilled water with pH adjusted to 8.0.

For the crude homogenate (20% w/v), frozen kidney slices were
homogeniged for 5 to{? minutes in a Waring Blendor; a shorter time did
not break up all the kidney chunks, while 10 minutes caused too much
foaming.

For three kidneys, samples of cortex and medulla were homogenized
separately. While it was found that the medulla had about four tinmes
©as much activity as the cortex per gram, they were not separated foxr
purification because téo much activity was lost in the time required

for separation. On a total welght basls, the cortex had more than

one~Fourth of the activity.

Centrifugation

Originally when small volumes were used, centrifugation was at
5,000 x g for 2 hours resulting in a relatively clear supernatant.
When larger volumes were centrifuged, this was changed to 25,000 x g,
This supernatant from the centrifugation of the crude homogenate,
referred to as the first supernatant, had some suspended material but

also retained more of the activity.
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Fractionation by pH

For the pH experiments, 1N acetic acid was added drop-wise with
stirring to the fivrst supernatant to acidify it to the desired pH.
The acidified suspension was immediately accelerated to top speed in
the Sorvall (48,000 x g) and stopped. 1N KOH was immediately added
dropwise with stirring to the supernatant to bring the pH back to
7.5-8.,0 and the activity was measured. Table 6 shows the results of

these experiments.

Table 6. Hffect of pHing on activity recovered in supernatant.

Enzyme units before |Enzyme units in supnt. | % of activity
pH PH change after pH change recovered in supnt,
5.5 280 157 56
5035 1982 916 L
5.3 280 125 Lgxe
5.0 280 6l 23

- ** pHed the crude homogenate

¥ pepeated four other times with with % of activity recovered in
supernatant ranging fromi5-47%. (47% for the cortex alone).

Some enzyme los was due to coprecipitation. For example, when the

original homogenate was adjusted to pH 5.35, the enzyme units were

distributed as follows:

original homogenate 1982
supernatant after pH 5.35 916
pellet after pH 5.35 216

| Thus the supernatant had 46% of the original activity and the pellet
had 11%3 U43% of the activity was lost during the pH treatment.
Fractionation by pH turned out to be an impractical step since it

resulted in a decrease in specific activitye



Fractionation by heat treatment
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The first supernatant was swirled in flasks in a pan of hot water

(initial temperature 6517§:C) until it reached a specified temperature.

It was held at that temperature while swirling for 1 minute.

To cool

it rapidly, the warm suspension was poured into a flask in ice water

and swirled until the temperature dropped to at least 10" Ce

Little or

no precipitate started to form until the temperature reached W6-47° ¢,

Table 7 summarizes the heat treatments of 1 minute duration.

Table 7. Effect of heat treatment on activity recovered in supernatant.
Tempe of E.U. before B.U., after % recovered ; Conditions*
suspension |heat treatment |heat treatment, in supnt.
2560 668 26 Supnte. cent.
45 mine
. 1074 542 50 Supnt. cent.
50 90 min.
1832 9iz2 50 After pH
518 198 38 After pH
621 564 o1 After pH
518 B4 16 After pH
621 12k 20 After pH
55 1280 29k 23 Cortex
cente. 60 min,
1192 302 25 After cent.
60 min.
518 66 13 After pH
60°
1280 200 16 Cortex

cent. 60 min.

* All centrifugations at 45,800 x g prior to heat treatment

Results varied considerably at 50ﬁdepending on the exact conditions
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preceding and during the heat treatment. The specific activity
decreased after heat treatment and therefore the method was not a

useful one.
Fractionation with ammonium sulfate

Preliminary experiments were conducted with the first supernatant
to ascertain what concentration of ammonium sulfate would precipltate
0AT. The salt was gradually added to the supernatant in an ice bhath
with stirring over a period of 10 to 30 minutes. Initial experiments
gave results which were difficult to interpret. Table 8 shows enzyme
activity after varying amounts of ammonium sulfate were added to 25 ml

aliquots of supernatant, each with about 150 enzyme units originally.

Table 8, Results of ammonium sulfate fractionation.

Amount ammonium | Apparent % initial % observed acti-
sulfate added enzyme units activity vity in pellet
0.176g/ml supnt. 238 159 2
pellet 5 3
162
0.35 g/ml supnt. 180 120 Ly
pellet 141 9l
214
0,53 g/ml supnt.e 2l3 162 L2
pellet 179 119
281
0,71 g/ml supnt. 253 169 13
pellet 192 128
297
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After 0.35 g ammonium sulfate/ml was added, a constant percentage of
total enzyme units seemed to be in the pellet, and it appeared that
enzyme activity increased with added salt as evidenced by increased
color development during the assay. This is explained by Peraino
and Pitot's {1963) observation that ammonium sulfate causes non-
enzymatic color development under standard OAT assay conditions.

To test for the effect of the salt on the additional color dev~-
elopment,'about 110 ml of supernatant saturated with ammonium sulfate
was dialyzed. The apparent enzyme activity declined from 876 enzyme
units to 124 enzyme units. To make sure that the apparent loss in
enzyme activity was not simply caused by denaturation, ammonium sulfate
was readded to the dialysate as well ag to fresh buffer te various
parallel concentrations. These solutions were tested for ornithine
aminotransferase activity and the results are shown in Figure 5. It
is eyi&ent that ammonium sulfate caused color development in proportion
to the amount added., The nature of the reaction has not been inves-
tigated.

'able 8 indicates that 0.35¢ (WHy), so”/ml is sufficient to
precipitate ornithine aminotransferase from the first supernatant.
Subsequent experiments showed that the amount of ammonium sulfate
needed depended on the protein concentration of the solution. When
the protein concentration was approximately 20 mg/ml (which is the
usual concentration of the first supernatant), the enzyme was precip-
itated by a concentration of 0.33 to 0.35g (NH@)Z S0y, per mle This
could be applied at later stages of purification. For example, a
preparation purified by three treatments of acetone fractionation

(explained in a later section) had a protein concentration of 82 mg/ml



Apparent engyme units/ml — 30 minute incubation
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Iige 5« Non-enzymatic color development due to ammonium sulfates

@® Original dialysate with
ammonium sulfate readded

© Fresh buffer with added
ammonium sulfate

N

- i i
176 035 53 71

Amount ammonium sulfate added (g/ml)
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and 928 enzymatic units. This was diluted to 20.5 mg/ﬁl by adding
to it 3 volumes of tris-PAL~P buffer with O.4kg (NHLL)Z 50),/ml so that
the ammonium sulfate was diluted to 0.33g/ml. This was centrifuged
for five minutes at 45,000 x g and resulted in the apparent recovery
of 804 engyme units or 87 % of the activity. Because of the inter-
ference of the salt in measuring enzyme activity, it seemed desirable

to find another substance to precipitate out the enzyme.
T'ractionation with acetone

The volume of reagent grade acetone was always measured at room
temperature and was brought to -10 to -15°C in dry ice before being
added drop-wise with stirring over a period of 10-15 minutes. The
suspension was then centrifuged by accelerating to top speed (45,000 x g
for small volumes, 25,000 x g for large volumes) and stopping. Table
Q sbows the effect of various concentrations of acetone on the solubil-
ity of OAT when the protein concentration is about 20 mg/ml.

Table 9. Acetone fractionation of OAT.

% /v ml acetone ml first % enzyme activity
acetone © supernatant in the pellet

0 0 20 0

10 2 18 0

20 L 16 1

30 6 1l 7

L0 8 12 100

50 10  10 100

Vir{ually all of the actiwity in this pariicular preparation was present
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between 20-40% v/v acetone and 93% was precipitated between 30-40% v/v
acetone, Usually a 25-40% v/v fraction was taken and resuspended in a
small volume of buffer. (For a preparation beginning with 175 g beef
kidney, the resuspended volume would be about 35 ml.) The suspension
was centrifuged for 30-60 minutes at 45,000 x g. Frequently the
supernatant, containing all of the QAT activity, would have a thin
layer of fat which was filtered out through gauze or a Kimwipé. Buffer
was then addéd to the supernatant to a protein concentration of 30-35
mg/ml.

A second acetone fraction .would be taken between 5 and 25% V/V.
The‘success of this step not only depended on careful controlling of
the protein concentration but also the fat concentration. If the fat
had not been filtered off previously, the OAT would precipitate
approximately between 10-30% v/v acetone.

After the second acetone fractionation, various steps were tried
suchhas a third acetone treatment, ammonium sulfate fractionation, or

DiEAl~cellulose chromatography.
Fractionation with 95% ethanol

Fractionation with ethanol was performed in the same way as with
acetone. The volume of ethanol was measured at room temperature and
then chilled to -10 to -15°C before adding drop-wise. Assays of
various solutions are shown in Table 10. The percentages are based
on v/v of 95% ethanol rather than the absolute ratio. The volumes of
ethanol and first suéernatant are comparable to those reported in

Table 9, The first supernatant had a protein concentration of about ZOmg/mlw
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Table 10. EBthanol fractionation of OAT.

% 95% ethanol % enzyme activity
precipitated

0 0

10 0

20 1
25 2

» 12
Lo 20

50 100

60 100

The fractionation range for 95% ethanol was not qulte as narrow as for
acetone and a greater volume of ethanol was required to precipitate OAT.
Practically all of the OAT precipitated between 25 and 50% when the
substance fractlonated was the first supernatant. As with acetone,
subsequent steps, such as a second ethanol treatment, required
different percentages of ethanol, again probably depending on

concentration.
Fractionation on DiAk-cellulose columns

The column (1 x 8cm) was packed with DEAE-cellulose previously
washed with 0.01M Tris-Cl, pH 7+5. The column was then equilibrated
with 0.01¥ Tris~CLl ~0.imM PAL~P, pH 8.0, At this ionic strength,
however, the PAl~P bound to the column as was evidenced by a yellow
band remaining on the column, whereas the effluent was relatively
colorless. When the same buffer was made O.ln in NaCl, the PAL-P

stopped binding. The enzyme was eluted by increasing the concentration
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of Nall in the buffer. Preliminary tests showed that QAT eluted when
the buffer contained approximately 0.3N NaCl. Dialysis of the enzyme
solution prior to its application to the column was found to be

unnecessary when the enzyme was purified by acetone fractlonation but

was necessary 1f ammonium sulfate fractionation had been used.

IVe Resultss: Final Purification Procedure
And Properties of Beef Kidney QAT

Mnal procedure for OAT purification

The enzyme purification,summarized in Fig. 6 and Table 11, was
completed in one day in oxder to avoid enzyme loss by freezing ana
thawing.

To 175 g of frozmen kidney was added. 700 ml of 0.1¥ Tris-Cl, 0.15M
KC1, O.1mM Pal-P, pH 8.0 to make a 20% w/v homogenate. This mixture
was homogenized in a Waring Blendor for 7 minutes and then centrifuged
for 90 minutes at 25,000 x g

The supernatant, containing approximately 20 mg protein/ml, wa.s
made 25% v/v with chilled acetone (-~10°C) with stirring for 15 minutes.
The suspension was centrifuged for 5 minutes at 25,000 x g. The
precipitate was discarded and the supernatant was made H40% v/v with
acetone and centrifuged for 5 minutes at 25,000 x g. The resulting
pellet was resuspended in 35 ml of 0.01M Tris-Cl -PAL~P, pH 8.0 and
homogenized in a small Waring Blendor for 1 minute. This homogenate
was centrifuged at 45,000 x g for 45 minutes. The volume of the
resulting supernat&nﬁ was increased to 50 ml bringing the concentration
of protein to 32 ng/ml.

A second acetone fraction was taken with OAT precipitating between
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Fig. 6. Flow sheet for OAT purification.

20% w/v homogenate

Centrifuge 90', 25,000 x g
|

Discard Make supernatant 25% v/v acetone

Centrifuge 5°', 25,000 x g
' i

Make supernatant 40% v/v acetone Discard

Centrifuge 5%, 25,000 x g
i 4 |
Homogenize in 35 ml buffer Discard supernatant

Centrifuge 457, 45,000 x g

t l
Discard Increase volume to 50 ml
Make supernatant 5% v/v acetone

Centrifuge 5°', 45,000 x g

Discard Make supernatant 25% v/v acetone

Centrifuge 5! 45,000xg

Homogenize in 15 ml buffer Discard supernatant

Centrifuge 30°*, 45,000 x g

[ :
Apply supernatant Discaxrd
to DEAE-ecellulose

column

100~fold pure OAT
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5 and 25% v/v acetone, The pellet from this second acetone fraction
was homogenized in about 15 ml of buffer and centrifuged for 30 minutes
at 45,000 x g Five ml of the supernatant was put .on a DEAE-cellulose
column (1 x 8 cm) previously equilibrated with 0.01M Tris-Cl, PAL-P
containing 0.1N NaCl. The enzyme solution was washed into the column
with 10 ml of Q.lN NaCl buffer before the gradient was begun. OAT was
eluted with a linear gradient of 0e1-0.5N NaCl in the Tris-Cl, PAL-P
buffer (50 ml of each buffer)s The flow rate was about 60 ml/hour and
1.6 ml fractions were collected. Protein was determined for every
third fraction by reading the absorbance at 280 nm and the tubes were
analyzed for OAT enzyme activity. Tuwes 25 through 40 were pooled to
collect the enzyme. The results are shown in Fig. 7. It was observed
that at tube 11 the yellow coler of the buffer caused by PAL-P was
bleached and did not reappear until about tube 3l. FEnzyme assay and
protein determination showed OAT to be 100-fold pure in the pooled

fractions.
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Fig.7 DEAE-cellulose chromatography of ornithine aminotransferase
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Stability

Properties of Beef Kidney OAT

38

OAT from beef kidney was quite sensitive to freezing and thawing,

heating and concentration changes.

Stability to freezing and thawing

seemed to be related to protein concentration and stage of purification

in addition to such factors as degree of freegzing and duration of

thawing.

Table 12.

Stability of OAT to freezing and thawing

Table 12 summarizes data from several experiments.

Substance and
protein conce

20% homogenate
30-35 mg/ml

1st supernatant
17-22 mg/ml

10=-fold purified
(after acetone)
35-40 mg/ml

20-fold purified
(after 2 acetone
treatments)

about 50 mg/ml

100-fold purified
0.7 mg/ml

Storage
temp. (6C)*

-70

-20
=20

Duration of
freezing

6 hours
1 week
up to 4 mo.

6 hours
1 week

3-5 days

pooled 1-6 d.
1-2 weeks

over night
3 days
3 days

over night
over night
over night
3 days

% enzyme
activity lost

23
100
under 730

26
100
undexr 30

#' 4°C is storage in an ice bath; 0°C is storage in a freezer.
¥ with added PAL~P 30 minutes before assay.

The 100-fold purified protein was very unstable.

An attempt was made

to restore activity by adding an equal volume of Tris~Cl, PAL~P to the



39
enzyme. After 30 minutes the activity was compared to the untreated
enzymes. The actiiviy was restored by 10% but this was not considered
to be significant. TIncubating with 2mM or 20mM mercaptoethanol did
not restore activity.

Because the engyme is quite sensitive to temperature changes, even
at high concentration, a heating étep for purification was not feasible.
As noted earlier, more than 75% activity was lost when the enzyme

solution was heated to 5530 for one minute.

Variations in activity according to source

In working with beef kidney, it was impossible to have a uniform
source. The variety of cattle, sex, stage of maturity, diet, and
individual differences could not be controlled., Ancther variable was
the length of time elapsed between the slaughter of the animal and the
freezing of the kidney. Differences noted in Table 13 may depend on

such variables.

Table 13, JEnzyme activity according to kidney region.

Engyme units/ g tissue cortex/
Kidney whole cortex | medulla | medulla
kidney
1 8l 83 356 0«23
2 103 96 LLg 0.21
3 75 73 HhO 0.17

For kidney #3, the specific activity of the medulla was 6.2 times higher
than in the cortex. It is evident from Table 13 that the medulla has
much more aciivity pef gram than the cortex. Nevertheless, the enzyme
units per gram of whole kidney are only slightly higher than that of the

cortex alone. Since the mass of the medulla and covtex is about equal,
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the activity of the whole kidney would be expected to be about the
average of the activity in the cortex and medulla determined separately.
Possible explanations include that OAT is more unstable in the medulla
or that some factor in the cortex deactivates some of the medulla OAT
when the cortex and medulla are homogenigzed together. The second
possibility seems unlikely since a mixing of close to equal amounts
of cortex homogenate and medulla homogenate in one experiment did not
reduce the activity of the medulla beyond that expected because of
dilution of medulla homogenate.

Enzyme activity was compared according to type, sex, and age of
cattle but variation was not significant for the eleven kidneys

that were compared.
Optimal pH

The pH was adjusted on aliquots of ornithine in phosphate buffer,
pH 8.0, with either 1N acetic acid or 1IN KOH. The enzyme used was
- 10-fold pure. Fige. 8 shows that under the assay conditions used,

the optimal pH is 8.0.
Michaelis Constants

Twenty-fold purified enzyme was used to determine the Michaelis
constants of I~ornithine and «~ketoglutarate. Assay conditions were

optimal with only the substrate being tested varying in concentration.

The Michaelis constants were determined from Fig. 10 and Fig. 12 and
were found to be 2.0mM and 7.1 mM for ornithine and «K-ketoglutarate
respectively. 'The maximum concentrations used of eilther substrate,

as evident in the diagrams, did not inhibif significantly for ornithine

but did somewhat for‘déketoglutarate.
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Bffects of inhibitors

Studies with inhibitors were carried out under optimal conditions
with a twenty-fold purified enzyme preparation. Resulits are shown

in Table 14,

Table 14, Effect of various reagents on OAT activity.

Reagent ' " Qonc. in incu- Enzyme aectivity % inhibition
bation mixture control | +reagent
L=norvaline 5mi o 204 $ 232 5
25mM o 2L 173 29
l~glutamate 25mM o242 o 214 0
50mM 2U2 0223 3
i~glutamine 25mM 2U2 e 0
50mM | 2h2 o« 234 3
EDTA | LM L .222 222 0
10mM 0222 0210 1
10mM «232 007 97
Todoacetanide 1mM 232 | 02732 0

Norvaline, glutamate and glutamine were added in the same concentration
as ornithine (50mM) or as (~ketoglutarate (25mM). Norvaline inhibited
considerably but glutamate and glutamine insignificantly at high con-
centrations. Since EDTA did not inhibit the reaction, QAT does not
requlre any metal lon for activity. Since both p-chloromercurihbenzoate
(pCMB) and iodoacetamide inhibited the reaction-— pCMB very strongly and
iodoacetamide to a lésser degree — one or more sulfhydryl groups are
critical to OAT activity. Mercaptoethanol alone had no effect on the

activity of the enzyme.
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V. Discussion

A considerable amount of research has been conducted on the
purification and role in metabolism of ornithine aminotransferase.

The work has not been of uniform quality as evidenced by variable
results even when the enzyme is studied in the same source. There
has been variation in reports of substrate specificity, Michaelis
constants, inhibitors, the degree of binding of PAI~P, whether
sulfhydryl groups are part of the catalytic site and other molecular
properties,

A reason for some of the discrepancies could be due to the fact
that the purity of the QAT used, varied from 7-fold to 10,000-fold
among the workers. Another possible explanation for some of the
differences could be that 0AT exists in more than one form, even in
the same animal., For example, control partially differs for the rat
kidngy and liver and isoenzymes may be the explanation. A recent
abstract (Kerman and Strecker, 1971) reported that OAT from rat kidney
and liver has similar functional properties but differs in physical-
chemical properties such as molecular weight and pyridoxal content.
They also reported that PAL-P or el-ketoglutarate could activate the
kidney OAT but not the livexr OAT. If there are isoenzymes, then the
method of purification might eliminate one of the forms. For example,
purifying the mitochondrial fraction might have resulted in eliminating
another form existing in the cytoplasm matrix.

Initially attempts to purify OAT from beef kidney followed many of
Peraino's (1969) methods for rat liver since he had reported the most
successful purification for OAT in the literature. He obtained 1000~

fold purification with Wi4% recovery yielding 62 mg OAT. When many of
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his methods were found to be inapplicable to beef kidney, acetone
fractionation and DEAE-cellulose chromatography proved to be very
useful,

Although Table 2 indicated that pH fractionation was a profitable
step for purification in other sources, it was not practical for beef
kidney OAT since over 75% of it precipitated out at pH 5.0 and over
half at pH 563« A part of that precipitation may have been due to
coprecipitation, which may alsc explain some of the loss of QAT activity
during heat treatment. Nevertheless, the unsatisfactory results from
pH and heat treatments must be due to a difference in charge and
stablility of the beef kidney enzyme compared to QAT from other sources.

Ammonium sulfate has the advantage of precipitating enzymes with
little increase in volume as compared to acetone or ethanol. It was not,
however, very useful in the case of 0AT since the non-enzymatic color
development made it difficult to follow the location of the enzyme
without dialysis. Although acetone had the disadvantage of increasing
the volume, it caused no denaturation if added at -10°C and produced no
non~-enzymatic color development.

The DEAE-cellulose chromatography step was very useful since most
proteins were eluted from the column prior to OAT. Unfortunately,
the purified OAT was very unstable, probably due to its very low
concentration.

Properties of beef kidney OAT differ in some respects from those of
other sources., It seems to be less stable than the rat liver or pig
kidney OAT., Its optimal pH of 8.8 agrees closely with other reported
values, (See Table 5)'

Relative QAT activity in the medulla and cortex of the kidney has
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not been previously reported. Although the medulla has 4 to 6 times
as much activity as the cortex in beef kidney, Jenkins and Tsai (1970)
used only the cortex for purification of QAT from pig kidney. They
gave no explanation for their choices

Herzfeld and Knox {1968) reported much higher OAT activity in
female rat kidneys as compared to male rat kidneys. The present study
did not show any sex differences. This work, however, compared only
eleven pairs of beef kidneys,and only kidneys of castrated males
(steers) and females were available.

Stdi and Dénes (1967), Herzfeld and Knox (1968), and Yip and
Collins (1971) reported high concentrations of ®X~ketoglutarate Lo be
inhibitory. In beef kidney, 100mM X=~ketoglutarate was only slightly
inhibitory, approximately 10%. (See Fige. 11). As in the work of Jenkins
and Tsai (1970) and Sudi and Dénes (1967), norvaline proved té e
inhibitery to beef kidney OAT. Leglutamte, a product of the reaction,
was found to inhibit activity in rat liver (Volpe and Strecker, 1968),
but in pig kidney Jenkins and Tsai (1970) reported a slight activation.
In beef kidney, increasing l-~glutamate concentration by 50 mM had no
gignificant effect on QAT abtivity. Similar to the findings of Peraino
and Pitot (1963) and Jenkins and Tsai (1970}, pCMB was found to be
strongly inhibitory.

The Michaelis constants for beef kidney OAT substrates (2.0 and
7.1 for ornithine and X-ketoglutarate respectively) are in the same
ratio as for the pig kidney substrates (1 and 3.6 for ornithine and
K-ketoglutarate respectively) as determined by Jenkins and Tsai (1970).

Although much data on OAT has already been accumulated, much remains
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to be learned, such as clarifying aspects of past studies, proving
or disproving the existence of lsoenzymes, and determining the molecular

structure including amino acid sequence.
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Part Two: The Molecular Weight of QAT from Rat ILiver

I Materials and Hquipment

Protein standards were purchased from the following sources:
aldolase, ovalbumin, chymotrypsinogen A, and ribonuclease A from
Pharmacias apoferritin and glutamate dehydrogenase from Calbliochems;
catalase from Mann Research laboratories; and bovine serum albumin from
Sigma. Ornithine aminotransferase was prepared from rat livers by
the method of Peraino et ale. (1969) with minor modifications.

Chromatographic ma“teri.ais including Sephadex G~200 and blue
dextran 2000 were purchased from Pharmacia,and materials for gel
electrophoresis were acquired from the E-C Apparxatus Company of
Philadelphia. All other chemicals were of reagent grade. A Gilford
2400 S spectrophotometer with a gel scanner attachment was used to

analyze the gels,
II. Methods
Gel filtration

Sephadex G-200 was prepared and packed into the column.according
to Pharmacia directions. The buffer was
0.05M Tris
0s1M NaCl
0.02% NaN
in distil%ed water to pH 7.0
The column was 2.5 x 85.8 cm for 9 of the 10 runs. Upward f£low at a

rate of 15-19 ml/hour was used to develop the chromatograms. Blue

dextran 2000 was used to determine the void volume. One ml fractions
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were collected at room temperature using an LKB fraction collector.
Usually three proteins (5-10 mg each) and 2-3 mg blue dextran were
applied to the column per run in a total volume of 1~1.25 mle The
column eluant was monitored at 280 nm.

The Kav for each protein was determined from the egquation

Ve - Vo
Kav =7
Vvt - Vo
with Ve = elution volume of each protein
Vo = elution volume of blue dextran (129 ml)
Vt = total bed volume (421.3 ml)

The Kav values for the protein standards were averaged from the 10
column runs and a computer (linear regression - rescue system) was
used to fit a line to the data by the least squares method. Five
separate Kav values for ornithine amonqtransfexase were placed on the

line to determine its molecular welght.
Gel electrophoresis

Tris~borate, pH 9.2, was made from
LO.0 g Trizma base
L0 g EDTA
1.52 g boric acid
dissolved in 4 1 double distilled water
and made 0.1% in sodium dodecyl sulfate (SDS).
The gel was prepared by mixing 8.0 g cyanogum and 150 ml of the
0.1% 8DS buffer. The solution was filtered and 0.2 ml TMED Was added;
0.2 g ammonium persulfate was then added to catalyze the reaction. The
solution was immediately poured into the electrophoresis apparatus.

The gel solidified in 10 minutes and was electrophoresed for about 730

minutes at 200 volts before applying the samples.
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Initially, to disscciate the proteins into their sub-units, they
were incubated for 2 hours in the above buffer made 1% in SDS and 1%
in dithiothreitol. The concentration of each protein was 10 mg/ml.
Approximately 50/¢l of each preincubated protein was applied to
the gel. Hklectrophoresis was conducted at 200 volts for 1.5 hours
after which the gel slab was quickly removed, rinsed with distilled
water, and the proteins were fixed immediately by soaking in 10% tri-
chloroacetic acid for 15 minutes to overnight. The trichloroacetic
acid was then rinsed off and the gel was placed in distilled water,

cut, and scanned at 280 nm at a speed of 1 cm/min.
IIT. Results of Molecular Weight Studies

Gel filtration

The molecular weight of OAT was detérmined to be 203,000 + 13,000
Table 15 gives information on the calibration standards, Table 16 the
results of the various gel filtration trials, and Fig. 13 the line fit

to the data by the least squares method by a computer.

Gel electrophoresis

8ix trials, each with varying combinations of proteins, some in
duplicate, gave 11 values for the molecular weight of each sub-unit of
OAT. Results are summarized in Table 17. Fig. 14 shows the results of
one of the sample runs.

When CAT was dissolved in potassium phosphate buffer rather than
Tris, two bands were observed in the gels, Since the apparent molecular
weight of the new baﬁd was twice that of the OAT sub-unit, apparently

a dimer of OAT sub-units was formed. The occurrence of the dimer
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Table 15 Calibration standards.
Protein Animal Molecular Sub-unit Reference
source welght molecular
weight
Apoferritin| Horse 460,000 18,500 Parnall and
spleen Klot=z, 1972
Glutamate Beef 336,000 56,000 landon et al.,
dehydroge==3 liver 1971; Darnall
nase and Klotz, 1972
Catalase Beef 232,000 574500 Schroeder
liver et al., 1969
Aldolase Rabbit
musc le 158,000 140,000 Pharmacia fine
Chemicals, 1969
Bovine Beef
serum serum 68,000 68,000 Tanford et al.,
albumin 1967
Ovalbumin Bgg white 45,000 k5,000 Pharmacia Fine
Chemicals, 1969
Chymotryp- Beef 25,000 25,000 Pharmacia Fine
sinogen A pancreas Chemicals, 1969
Ribonuclease Beef 13,700 13,700 % Pharmacia Fine
A pancreas | Chemicals, 1969
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Molecular weight determination by gel filtration with
Sephadex G-200.
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Table 17, Results of gel electrophoresls runs

Trial Protein Migration Loglomolecular Sub-unit mol-
distance welght ecular weight

I BSA 5.00 48325 68,000

Catalase 5.68 L7596 57,500

QAT 5404 4,698 49,900

5.93 4699 50,000

Aldolase 6,149 L, 6068 40,000

Chym A 7+70 4.3979 25,000

RNase 9.30 4.1367 13,700

11 B3A 14,90 44,8325 68,000

 Catalase 5457 4,759 57,500

OAT 5492 L.712 51,400

586 o722 52,500

Ovalbumin 6651 L4.6532 45,000

Aldolase 6.78 L.6068 40,000

11T BSA b 6l 14,8325 68,000

Glu DH 5639 L, 7482 56,000

OAT 5448 Le752 56,500

5.27 L,72k 53,000

Ovalbumin 5690 L6532 45,000
Apoferritin _ 8.80 e 2671 18,500 A

v BSA 5012 4.8325 68,000

Glu DH 5.80 L.7h82 56,000

QAT 5.71 4,752 56,500

Ovalbumin 6ol L6532 L5,000

Apoferritin  9.12 L2671 18,500

v BSA 5435 448325 68,000

Glu DH 6438 7482 56,000

OAT 6,46 L,717 51,500

“6.56 4,708 51,800

Ovalbumin 6,84 L6532 45,000
Chym A 9.63 3979 25,000

VI BSA 4,88 4,8325 68,000

Glu DH 5465 b, 7u82 56,000

QAT 5,82 4,700 50,200

5.76 4,710 51,300

Ovalbumin 6410 h,6532 145,000

Aldelase 6.30 Iy, 6068 40,000

Aporerritin 9.13 Yo 2671 18,500
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Figs 14, Sub-unit molecular weight
determination by gel
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was probably due to a decreased concentration of dodecyl sulfate
since the potassium in the buffer caused a precipitation of the
detergent during incubation. The average molecular weight of the
sub-unit was determined to be 52,000 + 2000. The molecular weight

of the dimer was approximately 104,000.

IVe Evaluation of Molecular Weight Determinations

In the last five years, the molecular weight of OAT has been

reported by various groups with diverging results as shown in Table 18.

Table 18. MWolecular weights reported for QAT

f ?

Molecular weight Seurce ‘ Method Reference
160-180,000 Rat liver Archibald Matsuzawa et
al., 1968
132,000 Rat liver ' meniscus Peraino et al.,
depletion 1969 ]
(Yphantis)
218,000 Pig kidney Sedimenta- Jenkins and
| tion rate Tsal, 1970
165,800 Rat kidney Sephadex % Yip and Collins,
) and rat liver G=200 - 1971

Ixperiments with. Sephadex G-200 which are reported in this thesis
indicate a molecuiar welght of 203,000 + 13,000 The sub-unit
molecular weight determined by gel electrophoresis was 52,000 +
2,000, Since the enzyme is a tetramer (Peraino et al., 1969), the
molecularweights of the enzyme would be 208,000 + 8000,

It appears that Peraino's 1969 value of 132,000 is definitely

wrong. The graph which shows the radial distribution of eguilibrium
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concentration (Fig. 5, Peraino et al.,1969) really has two slopes,
and the slope which was chosen to calculate the molecular weight is
probably that of the dimer.

Yip and Collins (1971) do not report any details of their
molecular weight determination other than a graph of their results.
Perhaps they :placed OAT and gamma-globulins (molecular weight about
150,000) on the column together. In that case an interaction between
the OAT and the gamma-globulins might have caused QAT to elute off the
column close to that of the gamma-globuling, thus lowering its
molecular weight to 165,000, For one of the trial column runs
(not listed in Table 16, p. 54), aldolase (molecular weight 158,000)
and OAT had been applied to the column together. They interacted and
eluted off together at a point corresponding to an erroneous molecular
weight of 165,000 for OAT. This might also have been responsible for
Yip‘and Collin's value.

Molecular welghts determined by gel filtration or ultra-
centrifugation can only give approximate values. Not until the amino
acld sequence is determined for OAT can its precise molecular weight

be known.
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