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2-Amino-3-ketobutyrate iigase catalyzes the reversible, pyridoxal 5'-phosphate-dependent condensation of glycine with acetyi 
CoA forming the unstable intermediate, 2-amino-3-ketobutyrate. Several independent lines of evidence indicate that the pure 
protein obtained in the purification of this ligase from Escherichia coli also has L-threonine aldolase activity. The evidence 
includes: (a), a constant ratio of specific activities (aldolase/ligase) at all stages of purifying 2-amino-3-ketobutyrate lig~se to 
homogeneity; (b), the same rate of loss of aldolase and ligase activities during controlled heat inactivation of the pure protein at 
60°C in the absence, as well as in the presence of acetyl CoA, a protective substrate; (c), ratios of the two enzymic activities that 
are not significantly different during slow inactivation by iodoacetamide, with and without L-threonine added; (d), coincident 
rates of loss and essentially identical rates of recovery of aldolase activity and ligase activity during resolution of the holoenzyme 
with hydroxylamine followed by reconstitution with pyridoxal 5'-phosphate. No aidolase activity is observed with D-threonine as 
substrate and L-allothreonine is about 25% as effective as L-threonine. Whereas ligase activity has a sharp pH optimum at 7.5, 
the aldolase activity of this pure protein is maximal at pH 9.0. Comparative apparent K m values for glycine (ligase) and 
L-threonine (aldolase) are 10 mM and 0.9 mM, respectively, whereas corresponding respective Vma X values were found to be 2.5 
~mol of CoA released/rain per mg vs. 0.014/~mol of acetaldehyde formed (NADH oxidized)/min per mg. 

Introduction 

Prior studies by numerous investigators have estab- 
lished that the catabolism of L-threonine by prokary- 
otes a n d / o r  eukaryotes is initiated by one of three 
enzymes, i.e., a dehydrogenase,  an aldolase, a n d / o r  a 
dehydratase. Threonine dehydrogenase (EC 1.1.1.103), 
an NAD+-dependen t  enzyme, catalyzes the oxidation 
of L-threonine to the unstable product,  2-amino-3-keto- 
butyrate, which compound in turn is the substrate for 
the pyridoxal 5 ' -phosphate-dependent  enzyme, 2- 
amino-3-ketobutyrate ligase (2-amino-3-ketobutyrate + 
CoA ~ acetyl CoA + glycine; 2-amino-3-oxobutanoate 
glycine-lyase (CoA-acetylating), EC 2.3.1.29). By this 
coupled sequence of reactions, L-threonine is effi- 
ciently converted in an N A D  +-, pyridoxal 5'-phos- 
phate-  and CoA-dependent  manner  to glycine + acetyl 
CoA. In recent years, this pathway has been  shown to 
be the primary route for threonine utilization in both 

Correspondence to: E.E. Dekker, Department of Biological Chem- 
istry/0606, The University of Michigan Medical School, 1301 Cather- 
ine Road, Ann Arbor, MI 48109-0606, USA. 

eukaryotes [1] and prokaryotes [2,3]. It accounts for 
87% of the L-threonine degraded in the liver of nor- 
mally fed rats [4], it is the only pathway for e-threonine 
degradation that is detected in chicken liver [5], and it 
is an effective al ternate route for serine biosynthesis in 
Escherichia coli [6]. In earlier work, we succeeded in 
isolating both e-threonine dehydrogenase [3,7] and 2- 
amino-3-ketobutyrate ligase [8] in homogeneous form 
from extracts of E. coli. The gene for each enzyme 
(designated tdh and kbl, respectively) has been cloned 
and their primary structure, as well as that of each 
protein product has been determined [9,10]. The genes 
for these two enzymes make up the tdh operon which 
lies within a 3.6-kb EcoRI  fragment  located at coordi- 
nate 81.2 of the E. coli genetic map [9]. The kbl gene is 
immediately upstream of the tdh gene within the same 
EcoRI  fragment and both genes are transcribed from a 
common promoter  [6,9,11]. The operons of a multigene 
family which includes tdh, collectively known as the 
' leucine regulon',  are up- or down-regulated by e- 
leucine via a leucine-responsive regulatory protein en- 
coded by the lrp gene. L-Leucine induces the activity of 
the tdh operon about 7-fold. 
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L-Threonine aldolase (L-threonine acetaldehyde- 
lyase, EC 4.1.2.5) is also a pyridoxal 5'-phosphate-de- 
pendent enzyme which, as the name implies, catalyzes 
the aldol cleavage of this fl-hydroxyamino-acid with 
formation of glycine plus acetaldehyde. Various inves- 
tigators have shown that this aldolase activity is present 
in mammalian liver extracts, as well as in preparations 
obtained from both aerobic and anaerobic bacteria. 
Threonine aldolase has been crystallized from extracts 
of Candida humicola [12] and homogeneous samples of 
serine transhydroxymethylase from rabbit liver also 
have threonine aldolase activity [13]. 

In light of the importance that the threonine dehy- 
drogenase/2-amino-3-ketobutyrate ligase enzyme cou- 
ple has recently assumed in threonine metabolism, the 
considerable interest that exists in the regulatory as- 
pects of the 'leucine regulon' which includes the tdh 
operon, and the fact that the genes of these enzymes 
have been cloned and sizeable quantities of the two 
gene products can now be obtained in homogeneous 
state, we are carrying out indepth studies on struc- 
ture/function interrelationships of each of these two 
enzymes. Such studies are aimed at elucidating specific 
amino-acid residues in the active site of each enzyme 
[14-18], as well as the metabolic/catalytic interplay of 
these two enzymes in the degradation and/or  the 
biosynthesis of L-threonine. One aspect of studies in 
the latter area focused on the question of the coupled 
efficiency of the dehydrogenase/ligase-catalyzed reac- 
tions, which in turn related to determining the half-life 
of the unstable intermediate involved, namely, 2- 
amino-3-ketobutyrate. To examine the stability of this 
a-amino-fl-ketoacid in solution, we generated a pool of 
2-amino-3-ketobutyrate enzymically from L-threonine 
(using L-threonine dehydrogenase + NAD ÷). The con- 
centration of 2-amino-3-ketobutyrate in this solution 
(which also contained unreacted threonine) was then 
determined as a function of time and pH by converting 
it to glycine (+ acetyl CoA) by the action of 2-amino- 
3-ketobutyrate ligase. The glycine so formed was quan- 
titated by use of an amino-acid analyzer. Such studies 
(to be published) led us to discover that the ligase also 
catalyzes glycine formation from L-threonine. We re- 
port here that homogeneous preparations of E. coli 
2-amino-3-ketobutyrate ligase express a low level of 
L-threonine aldolase activity; some properties of this 
activity are described. 

Materials and Methods 

Materials. Mutant E. coli SBD-76 cells were isolated 
and large quantities grown in a New Brunswick Ferma- 
cell fermentor as reported before [3,19]. DEAE-Sep- 
hadex, phenylagarose, yeast alcohol dehydrogenase, D- 
and L-threonine, iodoacetamide and acetyl CoA were 
purchased from Sigma. The following materials were 

obtained from the companies noted: Sephadex G-100 
from Pharmacia; Bio-Gel HTP from Bio-Rad; DEAE- 
Trisacryl M from LKB Instruments; Centricon-30 ul- 
trafiltration units from Amicon; 5,5'-dithiobis-(2-nitro- 
benzoic acid) from Pierce; pyridoxal 5'-phosphate from 
Nutritional Biochemicals; hydroxylamine-HCI and L- 
allothreonine from Aldrich; D,L-allothreonine from 
Chemical Dynamics (Chemalog). All other chemicals 
were reagent grade. 

Assay of 2-amino-3-ketobutyrate ligase and threonine 
aldolase activities. Ligase activity was measured spec- 
trophotometrically at 412 nm by following the reaction 
of 5,5'-dithiobis-(2-nitrobenzoic acid) with the CoA 
released due to condensation of acetyl CoA with 
glycine; details of this procedure have been reported 
earlier for Assay I [8]. A molar extinction coefficient of 
1.36. 10 4 M- 1 cm- t was used for 2-nitro-5-mercapto- 
benzoic acid [20]. One unit of ligase activity is defined 
as that amount which catalyzed the formation of 1 
/xmol of CoA per min at 25°C. Threonine aldolase 
catalyzes the formation of acetaldehyde plus glycine; 
this activity was determined spectrophotometrically at 
340 nm by coupling the reduction of acetaldehyde 
(oxidation of NADH) with yeast alcohol dehydro- 
genase. The assay mixture contained 100 mM potas- 
sium phosphate buffer (pH 8.0), 10 mM L-threonine, 
0.2 mM NADH, 0.10 mg (280 U/mg of protein) of 
yeast alcohol dehydrogenase, and ligase sample in a 
final volume of 1 ml. One unit of aldolase activity is the 
amount that catalyzed the formation of 1 gmol of 
acetaldehyde (1 /~mol of NADH oxidized) per min at 
25°C; NADH was taken to have a molar extinction 
coefficient of 6.22.103 . For both assays, specific activ- 
ity is expressed as units per mg of protein. All spec- 
trophotometric measurements were made with the use 
of a Cary 219 spectrophotometer equipped with a 
thermostated multicuvette changer. The level of pro- 
tein in solution was determined quantitatively by the 
method of Lowry et al. [21] with crystalline bovine 
serum albumin as the standard. 

Results 

Purification of 2-amino-3-ketobutyrate ligase and L- 
threonine aldolase activities 

Frozen E. coli SBD-76 cells (100 g wet weight; 
thawed overnight at 4°C) were suspended in buffer, the 
suspension was subjected to sonic oscillation, and the 
extract thus obtained was fractionated by the multi-step 
procedure described before to purify 2-amino-3-keto- 
butyrate ligase [8]. Enzyme preparations used in these 
studies were homogeneous, showing one sharp protein 
band at 42 kDa when subjected to polyacrylamide gel 
electrophoresis at pH 8.3 in the presence of 1% sodium 
dodecyl sulfate. An accurate measure of ligase activity 
could not be determined in the crude extract or after 



the first two fractionation steps (i.e., an ammonium 
sulfate precipitation and elution from a column of 
Sephadex G-100) due to the presence of acetyl CoA 
deacylase activity. As a consequence, only purified 
protein fractions obtained after steps 4 through 7 were 
assayed for both ligase and threonine aldolase activities 
and the ratio of these activities calculated. As can be 
seen in Table I, although the specific activity values for 
the aldolase are some 100-fold lower than for the 
ligase, the level of both activities increases in a similar 
manner throughout the fractionation procedures that 
yield one homogeneous protein and the ratio of the 
two activities remains virtually constant. Furthermore, 
the elution profiles for threonine aldolase activity from 
each of the four chromatographic columns listed were 
the same as those for ligase activity (data not shown). 

Controlled heat denaturation studies with the purified 
enzyme 

We subjected the purified enzyme solution (i.e., the 
DEAE-Trisacryl eluate) to heat treatment at 60°C, at 
which temperature enzymic activity was slowly de- 
stroyed over a period of 30 rain. For this purpose, 2 ml 
(0.91 mg of protein/ml) of the enzyme solution were 
placed in a hard-glass ignition test tube and heated in a 
constant-temperature water bath at 60°C. The enzyme 
solution was stirred gently with a thermometer until 
the temperature reached 60°C where it remained con- 
stant. Aliquots (260 Izl) were removed at regular time 
intervals and immediately placed in a small test tube 
already chilled in ice. The level of the two enzymic 
activities that remained after each interval of heat 
treatment was measured and the ratio of specific activi- 
ties calculated. The results listed in Table II show that 
the ratios remained essentially constant; since the lev- 
els of aldolase activity were very low after longer heat 

TABLE I 

2-Amino-3-ketobutyrate ligase and L-threonine aldolase activities 
throughout purification of the enzyme from extracts of E. coli 

Complete details for purifying the enzyme to homogeneity have been 
presented before [8]. Enzymic activities were determined as de- 
scribed in Materials and Methods. 

Purification step Protein Specific activity Ratio of 

concentration Aldo|ase Ligase specific 
(mg/ml)  ( × 102) (b) activities 

(a) (a /b)  

DEAE-Sephadex 
eluate 1.3 

Bio-gel-HTP 
eluate 1.6 

Phenylagarose 
eluate 0.9 

DEAE-Trisacryl 
eluate 0.8 

2.37 1.55 1.53 

2.30 1.72 1.34 

3.30 2.40 1.38 

4.23 3.02 1.40 
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TABLE II 

Controlled heat denaturation of E. coli 2-amino-3-ketobutyrate ligase 
and L-threonine aldolase activities 

The two enzymic activities were assayed as described in Materials 
and Methods. The enzyme preparation used was the DEAE-Tris- 
acryl eluate. 

Time heated Specific activity Ratio of 

at 60°C Aldolase Ligase specific 
(min) ( × 102) (b) activities 

(a) (a/b) 

0 3.40 1.16 2.93 
1 2.87 1.14 2.52 
3 2.97 1.10 2.70 
6 2.41 1.06 2.27 
9 1.99 0.72 2.76 

15 1.02 0.45 2.27 

treatment (approx. 20% activity remaining after 30 
min), values for this activity became less precise toward 
the end causing some modest variation in the ratio. 

In the same manner, 1.3 ml (0.91 mg of protein/ml) 
of the purified enzyme solution was subjected to con- 
trolled heat treatment at 60°C in the presence of the 
ligase substrate, acetyl CoA (600/zM, final concentra- 
tion). Aiiquots of the solution were removed at given 
time intervals as before, the levels of aldolase and 
ligase activities were measured, and the ratio of the 
two activities again calculated. Whereas approx. 80% 
of the original enzymic activity was destroyed after 30 
rain in the previous heat-treatment experiment, in this 
case with acetyl CoA added only about a 40% decline 
in catalytic activity occurred and the ratio of the two 
specific activities was found to be 2.39, 2.15, 2.02, 2.20 
and 2.39 after 0, 5, 10, 15 and 30 min, respectively, of 
heat treatment. 

Inactivation studies with iodoacetamide 
We knew from other studies in our laboratory that 

reaction of E. coli 2-amino-3-ketobutyrate ligase with 
iodocetamide caused inactivation. Advantage was taken 
of this property to examine whether the two enzymic 
activities apparently catalyzed by this pure protein are 
affected in a similar manner. For this purpose, the 
2-mercaptoethanol present in the buffer solution in 
which the purified enzyme was routinely stored was 
first removed by ultrafiltration through a Centricon-30 
membrane. Iodoacetamide, prepared in 20 mM potas- 
sium phosphate buffer (pH 8.0) was then added (10 
mM, final concentration) to 1.7 ml (0.91 mg of pro- 
tein/ml) of the enzyme solution. The reaction mixture 
was incubated in the dark at room temperature. At 
timed intervals, an aliquot of the reaction mixture was 
removed, 2-mercaptoethanol (0.1 M, final concentra- 
tion) was added to stop the reaction of iodoacetamide 
with the protein, and the mixture was again subjected 
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TABLE Ill 

lodoacetamide inactivation of E. coli 2-amino-3-ketobutyrate ligase 
and L-threonine aldolase activities 

Aldolase and ligase activities were measured as described in Materi- 
als and Methods; the enzyme preparation used was the DEAE-Tris- 
acryl eluate. 

Reaction time Specific activity Ratio of 

with iodoacet- Aldolase Ligase specific 
amide ( x 102) (b) activities 
(min) (a) ( a / b )  

0 1.88 1.10 1.71 
10 1.40 0.75 1.87 
20 0.98 0.43 2.28 
30 0.71 0.40 1.78 
45 0.97 0.43 2.26 
60 0.50 0.22 2.27 

to Centricon ultrafiltration to remove small molecular 
reactants and reagents. The treated enzyme was then 
taken up in 20 mM potassium phosphate buffer (pH 
7.2) and the levels of ligase and aldolase activities 
determined. The results given in Table III show that 
reaction with iodoacetamide for 60 min under these 
experimental conditions caused a 70-80% loss of origi- 
nal enzymic activity and that during the course of this 
inactivation the ratio of the two catalytic activities, 
although a little variable because of the experimental 
manipulations involved and the low level of aldolase 
activity remaining at the end, are overall reasonably 
constant. 

The very same experiment was repeated in which 
the reaction with iodoacetamide (10 mM final concen- 
tration) was carried out in the presence of L-threonine 
(25 mM final concentration). Under these conditions, 
only a 20% loss of catalytic activity was observed after 
reaction of the enzyme with iodoacetamide for 60 min 
and the ratios of aldolase to ligase activity again were 
quite constant (range 2.87 + 0.41) when measured at 
six separate time points. 

Studies involving resolution of pyridoxal 5'-phosphate 
from the purified enzyme and reconstitution of the 
holoenzyme 

Earlier studies [8,17] established that E. coli 2- 
amino-3-ketobutyrate ligase is a homodimeric, pyri- 
doxal phosphate-dependent enzyme; 1 mol of coen- 
zyme is bound per ligase subunit and the holoenzyme 
can be resolved and reconstituted. This being true, we 
examined whether resolution and reconstitution of the 
holoenzyme affected the ligase and aldolase activities 
of this protein in a similar manner. To resolve the 
holoenzyrne, individual samples of pure ligase (0.80 mg 
of protein/ml) were dialyzed separately for varying 
intervals of time at 4°C against 20 mM potassium 
phosphate buffer (pH 7.2) containing 5 mM hydroxyl- 

amine plus 10% glycerol and 1 mM 2-mercaptoethanol. 
Each sample was subsequently dialyzed extensively 
against the same buffer solution containing no 
hydroxylamine. Ligase so treated over a period of 4 h 
showed a nearly complete and coincident loss of both 
ligase and threonine aldolase activities (Fig. 1); a simi- 
lar loss of absorptivity at 428 nm was also seen. When 
the spectra of the native, untreated ligase and this 
hydroxylamine-resolved apoenzyme were measured 
side-by-side between 350 and 500 nm, the former sam- 
ple showed the typical absorption curve with a Ama x of 
428 nm, whereas virtually no absorption over this spec- 
tral range was evident for the latter (data not shown). 
When the hydroxylamine-resolved ligase was incubated 
at 25°C in 20 mM potassium phosphate buffer (pH 7.2) 
containing 20 brM pyridoxal 5'-phosphate plus 10% 
glycerol and 1 mM 2-mercaptoethanol, the enzyme 
again showed a time-dependent, parallel recovery of 
ligase activity, threonine aldolase activity, and 428-nm 
absorptivity as seen before (see Fig. 4 in Ref. 8). A 
spectrum of this reconstituted enzyme also showed the 
expected absorption curve with a maximum at 428 nm. 

Substrate preference of the threonine aldolase activity 
Whereas past studies had shown that homogeneous 

samples of E. coli 2-amino-3-ketobutyrate ligase could 
utilize n-propionyl CoA and n-butyryl CoA beside 
acetyl CoA as substrates, the enzyme is absolutely 
specific for glycine [8]. The specificity of the aldolase 
activity of this pure protein was tested here with those 
analogs of threonine that were commercially available. 
The assay mixtures contained 100 mM potassium phos- 
phate buffer (pH 8.0), 0.2 mM NADH, 0.10 mg of yeast 
alcohol dehydrogenase, 0.091 mg of ligase, and a threo- 
nine substrate (10 mM final concentration in each 
case) in a final volume of 1 ml. Rates of reactions were 
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Fig. 1. Effect of holoenzyme resolution on the L-threonine aldolase 
activity of E. coli 2-amino-3-ketobutyrate ligase. The DEAE-Tris- 
acryl enzyme preparation was used for these studies. Experimental 
details describing how the hoioenzyme was resolved with hydroxyl- 
amine are given in the text. (o), Ligase activity; ( I ) ,  aldolase 

activity. 



TABLE IV 

Substrate specificity of a-threonine aldolase activity expressed by 2- 
amino-3-ketobutyrate ligase of E. coli 

The homogeneous  enzyme obtained after chromatography on a 
DEAE-Trisacryl  column was used in each case. Assay conditions are 
described in the text, the results shown are an average of duplicate 
experiments.  

Substrate tested Specific activity Relative 
( >< 102) activity (%) 

L-Threonine 4.91 100 
D,L-Allothreonine 1.23 25 
L-Allothreonine 1.32 27 
t)-Threonine 0 0 

followed at 25°C. As can be seen in Table IV, although 
no activity is observed with o-threonine as substrate, 
L-allothreonine is approx. 25% as effective as is L- 
threonine. 

pH-Dependence and kinetic constants for the L-threonine 
aldolase activity 

The threonine aldolase activity catalyzed by purified 
E. coil 2-amino-3-ketobutyrate ligase was found to 
have a fairly sharp optimum at pH 9.0 (Fig. 2). The 
apparent Michaelis constant and maximum velocity 
with L-threonine as substrate were also determined. 
Essentially the same assay mixture as described imme- 
diately before was used, except that potassium phos- 
phate buffer at pH 8.5 was used and final L-threonine 
concentrations within the range of 2.5 to 20 mM were 
tested. Kinetic constants were calculated from experi- 
mental data obtained by Lineweaver-Burk plots [22] 
using a computer-assisted linear least-squares fit; as- 
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Fig. 2. Threonine  aldolase activity of  E. coli 2-amino-3-ketobutyrate 
ligase as a function of  pH. The  enzyme used was the DEAE-Tris-  
acryl eluate; activity was measured  at 25°C by the usual spectropho- 
tometric assay with yeast alcohol dehydrogenase.  Buffers used to 
cover the pH range shown were: 0.5 M Mes (2-(N-morpholino)- 
ethanesulfonic acid), pH 5.0 to 6.5 (e); 1 M potassium phosphate,  pH 
6.0 to 8.5 (t3); 0.5 M Ches (2-(N-cyclohexylamine)ethanesulfonic 

acid), pH  8.0 to 10.0 (A).  
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says were run in triplicate at each of the six concentra- 
tions of e-threonine tested. Under these experimental 
conditions, the enzyme was determined to have a K m 
value of 0.9 mM for L-threonine and a Vma x of 0.014 
p.mol of NADH oxidized/min per mg. These values 
compare with a K m -=- 10 mM for glycine and a Vma × -= 
2.5 p, mol of CoA released/min per mg in the ligase 
reaction catalyzed by this enzyme. 

Discussion 

Detection and characterization of threonine al- 
dolase activity in various animal preparations would 
appear to take first place in the discovery of the three 
enzyme-catalyzed reactions currently known to initiate 
threonine catabolism. In 1949, Braunstein and Vilenk- 
ina [23] reported the presence of activity that catalyzed 
the aldol cleavage of/3-hydroxyamino acids; in another 
paper that same year, Vilenkina [24] established that 
glycine and acetaldehyde were the products of threo- 
nine breakdown. Such reports led to the first partial 
purification (5-6-fold) and characterization of threo- 
nine aldolase from extracts of rat liver by Lin and 
Greenberg [25]. 

Since such early observations were made, threonine 
aldolase has had something of a mixed history as to 
identity and physiological significance. It has been de- 
tected in and purified to different levels from extracts 
(primarily liver) of various animal species [26,27], as 
well as of aerobic [28,29] and anaerobic [30-32] bacte- 
ria. Homogeneous crystalline enzyme has been ob- 
tained from extracts of Candida humicola [33,34]. Some 
of these reports indicate a single enzyme utilizes both 
e-threonine and L-allothreonine as substrates, a few 
claim only e-threonine is effective, while yet others 
present evidence for two distinct enzymes that cleave 
threonine and allothreonine. In a fairly recent paper 
[35], Yeung asserts that the method of assay can con- 
fuse the detection of putative aldolase activity with 
threonine dehydratase activity and that there is no 
threonine aldolase in cytosolic liver extracts from nor- 
mal or starved rats. Such mixed reports are augmented 
by the work of Schirch and Gross [13], which has been 
confirmed by others [36], who showed that homoge- 
neous preparations of rabbit liver serine transhydrox- 
ymethylase also have threonine/allothreonine aldolase 
activity. Along similar lines, Palekar et al. [37] estab- 
lished the identity of cytoplasmic serine transhydrox- 
ymethylase and allothreonine aldolase with rat liver 
aminomalonate decarboxylase; the final homogeneous 
enzyme preparation exhibited no activity towards L- 
threonine. 

When considered collectively, several independent 
lines of evidence presented here establish that the 
protein obtained in homogeneous form during purifica- 
tion of 2-amino-3-ketobutyrate ligase from E. coli also 
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catalyzes the aldol cleavage of threonine. Although it 
seems likely that the activity associated with 2-amino- 
3-ketobutyrate ligase accounts for essentially all threo- 
nine aldolase activity in E. coli, it was not possible to 
determine this experimentally by the two enzyme as- 
says we used. Measuring aldolase activity (by NADH 
oxidation at 340 nm with alcohol dehydrogenase) is 
inaccurate in relatively crude protein fractions due to 
the presence of NADH-oxidizing enzymes; likewise, 
ligase activity cannot be determined (by following the 
condensation of acetyl CoA with glycine) in compara- 
ble prepararations due to the presence of high levels of 
acetyl CoA deacylase activity. As noted earlier in this 
paper, the presence of threonine aldolase activity was 
first considered and subsequently confirmed when un- 
satisfactory quantitative data were obtained in studies 
in which we were measuring the concentration/stabil- 
ity of 2-amino-3-ketobutyrate in reaction mixtures that 
also contained L-threonine. Although the actual level 
of threonine aldolase activity is approx. 100-fold lower 
than the ligase activity, it is a factor to be considered 
when reaction mixtures containing this enzyme are 
incubated for longer periods of time and since the K m 

value for L-threonine (aldolase activity) is significantly 
lower than that for glycine (ligase activity). Aldolase 
activity associated with rabbit liver serine transhydrox- 
ymethylase is more active with allothreonine than with 
L-threonine [13] whereas that same activity catalyzed by 
rat liver aminomalonate decarboxylase utilizes only al- 
lothreonine as substrate [37]. In contrast, the aldolase 
activity of E. coli 2-amino-3-ketobutyrate ligase is most 
active with L-threonine; L-allothreonine is about 25% 
as effective as a substrate. This report, therefore, pre- 
sents yet a third instance of a homogenous, pyridoxal 
5'-phosphate-dependent enzyme (now including E. coli 
2-amino-3-ketobutyrate ligase, rabbit liver serine trans- 
hydroxymethylase, and rat liver aminomalonate decar- 
boxylase; glycine is a substrate or product for all three) 
which is also an aldolase towards threonine and/or 
allothreonine. 
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