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The enzymatic formation of glyoxylate from tricarboxylic 
acids has focused attention on this cu-keto acid as a possible 
intermediate of alternate metabolic pathways (l-3). Although 
the isocitritase reaction has not been shown in animal tissues, 
recent work has indicated that the principal degradative pathway 
for glycine by rat liver preparations proceeds via glyoxylic acid 
(4). Although the oxidation of glyoxylate to oxalate can be 
catalyzed by xanthine oxidase (5, 6), previous studies have shown 
that glyoxylate, when present in amounts expected under physio- 
logical conditions, was converted to formate and COZ (5). 
Nonenzymatically, this oxidative decarboxylation occurs quite 
rapidly in the presence of hydrogen peroxide and certain heavy 
metal ions (7). The metabolism of glyoxylate via citrate forma- 
tion (1, 3) or via malate formation has been reported to occur 
in microorganisms and plants (3, 8). The importance of these 
pathways to the metabolism of mammalian tissues has not yet. 
been assessed. This communication presents studies on the 
partially purified enzyme system from rat liver mitochondria 
that catalyzes the oxidative decarboxylation of glyoxylate to 
formate and COZ. 

EXPERIMENTAL 

Materials-Cr4-labeled glyoxylic acid was synthesized from 
oxalic acid-l, 2-Cl4 by the procedure of Weinhouse and Fried- 
mann (9). Formylglutamic acid was synthesized by the method 
of Tabor and Mehler (10). All other materials were obtained 
from commercial sources. 

Experiments with Rat Liver Homogenate-Experiments with 
washed homogenates of liver were carried out essentially accord- 
ing to procedures described by Lehninger and Kennedy (11) 
except that centrifugations were carried out at 6000 x g for 10 
minutes and the suspending medium was as described below, 
with normal adult rats (Wistar, Sprague-Dawley, or Slonaker). 
Homogenizations, washings, and incubations were carried out 
in isotonic KC1 (70 parts), MgSO4 (2.5 parts) and phosphate 
buffer, pH 7.4 (15 parts). Incubations were conducted in War- 
burg vessels at 37” for 1 hour with an air atmosphere. The 
reaction was stopped by tipping 0.2 ml. of 25 per cent trichloro- 
acetic acid from the side arm, and CO8 was collected on alkali- 
soaked filter papers and precipitated as BaCOs for radioactive 
assay. 

Measurement of Radioactivity-Radioactivity was measured 
in a proportional, windowless, gas flow counter. The counts 
were measured as BaC03 at infinite thickness. In order to 
facilitate enzyme assays, a rapid method for radioactive measure- 
ments was used. 0.6 mmoles of Na&03 carrier was added to 
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each mmole of respired COZ. The average weight of BaC03 by 
this method was 118 & 2 mg. with a spread from 116 to 123 mg. 
For rapid assays the respired COZ was collected, 1 ml. of 0.6 M 

Na&03 was added, followed by excess Bach. The precipitated 
BaCOa was filtered through sintered glass funnels, washed, then 
rapidly dried by washing with alcohol and 1:1 acetone-petro- 
leum ether. The samples were placed under a heat lamp for a 
few minutes and then were ready for plating and counting. The 
average weight of 118 mg. of BaC03 was assigned to these sam- 
ples. The time lapse from the end of incubation to counting 
chamber could be reduced to as little as 15 minutes. 

Formate-Approximately 1 mmole of carrier was added to the 
deproteinized solution; formate was steam-distilled, concentrated, 
and oxidized with mercuric ions, as already described (12). 

Glycine-Carrier glycine was added to the deproteinized solu- 
tion and after formate had been removed by steam distillation, 
sufficient Bach was added to remove sulfate ions. After removal 
of BaS04 and decolorization, the solution was transferred to a 
Dowex 50 column and chromatographed by the method of Hirs, 
Moore, and Stein (13). 

Paper Chromatography-Paper chromatograms were developed 
with 80 per cent phenol-water or tert-amyl alcohol, formic acid, 
and water (70: 15: 15). Amino acids were detected with nin- 
hydrin and N-formylglutamic acid with CIZ, KI, and starch (14). 

Glyoxylate Metabolism by Washed Homogenates of Rat Liver- 
Preliminary studies on glyoxylate oxidation by rat liver homog- 
enates showed a variable but significant rate of breakdown. 
A clue to a possible mechanism for glyoxylate catabolism was 
provided during studies on glycine formation by transamination. 
Nonenzymatic transamination can occur between glyoxylate 
and a number of amino acids (15). In testing for enzymatic 
glycine formation, washed homogenates of rat liver were incu- 
bated with Ci4-labeled glyoxylate in the presence or absence of 
n-glutamate (Table I). The added n-glutamate not only in- 
creased glycine formation 50- to 70-fold, but also increased 
production of radioactive COZ approximately 15-fold. This 
stimulating effect of L-glutamate on glycine formation and COz 
production was essentially identical under either aerobic or 
anaerobic conditions. Formate accumulation closely paralleled 
CO* production. It is apparent from these results that the 
products of glyoxylate metabolism in this preparation were 
formate and COZ. Formaldehyde formation could not bc 
shown in this or in similar preparations. An attempt was made 
to stimulate glycine metabolism with a-ketoglutarate or L-glu- 
tamate. Rather than stimulate glycine metabolism, ol-keto- 
glutarate or n-glutamate appeared to inhibit the reaction. 

Weinhouse and Friedmann (9) showed the rapid oxidation 
of glyoxylate by the intact rat. Table II gives the results of a 
survey of various tissues of the rat for the ability to oxidize 
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glyoxylate. Liver, kidney, and heart were most active but in 
contrast with the glycine oxidizing system (5), other tissues also 
contained the glyoxylic acid dehydrogenase system in varying 
but nonetheless appreciable amounts. This wide distribution of 
glyoxylate oxidation suggests that there may be some source 
of glyoxylate other than glycine in animals, or that this system 
is not specific for glyoxylate, but capable of oxidizing other 
substrates. Comparison of rat liver homogenates, fractionated 
by differential centrifugation according to the method of Hoge- 
boom (16), showed that glyoxylate oxidation was catalyzed by 
the mitochondrial particles. 

Partial PuriJication of Glyoxylate Oxidizing Xystem-Mito- 
chondria from approximately 100 gm. of rat liver were obtained 
by the sucrose fractionation method of Hogeboom (16). The 
mitochondria were extracted with 100 ml. of 0.01 M phosphate 
buffer, pH 7.4, by blending a suspension of the mitochondria and 
10 gm. of powdered glass in an ice-jacketed Waring Blendor for 
10 minutes. The temperature was maintained below 5” by 
alternate periods of blending and cooling. Unless otherwise 
stated, all subsequent operations were carried out at O-5”. 
The suspension was centrifuged at 18,000 X g for 20 minutes. 
The slightly opaque, light red supernatant fluid was diluted to 
200 ml. with water, and 78 gm. of ammonium sulfate (0 to 60 
per cent saturation) were added. The precipitate obtained on 
centrifugation was dissolved in 200 ml. of water and treated with 
ammonium sulfate in order to obtain fractions of 0 to 30 per cent, 
30 to 40 per cent, and 40 to 50 per cent saturated. The 30 to 
40 per cent and 40 to 50 per cent fractions were dissolved in 25 
ml. of 0.02 M phosphate buffer, pH 7.0, and dialyzed against 
this buffer overnight. The dialyzed fractions were treated with 
2 ml. of calcium phosphate gel (50 mg./ ml.), stirred, and centri- 
fuged. The resulting clear, pale yellow solutions contained the 
glyoxylic acid dehydrogenase system, the 30 to 40 per cent 
saturated fraction generally having the greater activity. The 
protein concentration of this fraction, determined by the method 
of Warburg and Christian (17), generally was 3 to 7 mg. of pro- 
tein per ml. and represented a purification of approximately 5- to 
lo-fold over the original mitochondrial extracts. 

This preparation was stable at refrigerator temperatures for 
at least 1 week and could be stored for longer periods in the 
frozen state with about 25 per cent loss in activity for each freeze- 
thaw operation. Heating the enzyme at 50” for 5 minutes, or 
acidifying to pH 5.5 with acetic acid at O”, rapidly inactivated 
the enzyme system. 

Properties of Enzyme System-The preparation described 
was contaminated with other enzymes. L-Glutamic acid de- 
hydrogenase and lactic acid dehydrogenase activities were 
found in every preparation. Since lactic acid dehydrogenase 
and DPN’ have been shown to catalyze the interconversion of 
glyoxylate and glycolate (5), this enzyme probably aids glyox- 
ylate oxidation by regenerating DPN from the DPNH formed 
from the action of either or both the glyoxylic acid dehydrogenase 
or I,-glutamic acid dehydrogenase. These contaminants have 
thus far prevented the application of a spectrophotometric 
assay of DPN reduction to the study of this enzyme system. 
That neither of these two contaminating enzymes was directly 
involved in glyoxylate oxidation was shown by heating the 

1 The abbreviations used are: DPN, and DPNH, oxidized and 
reduced forms of diphosphopyridine nucleotide; TPN, triphos- 
phopyridine nucleotide. 

TABLE I 
Transamination and oxidation of glyoxylate by 

washed homogenate of rat liver 

Substrates 
ReFpd Glycine 2 

Gas phase I I 
Formate 

Microatoms C’“/gm. tissue/hr. 

Glyoxylate-1,2-C14. Air 0.5 0.7 0.4 
Glyoxylate-1,2-04 + L-gluta- 

mate........................ Air 6.5 18.2 4.5 
Glyoxylate-1,2-C’*. . Ns 0.4 0.3 0.4 
Glyoxylate-1, 2-Cl4 + L-gluta- 

mate........................ Nz 5.8 18.5 4.1 

Each flask contained washed homogenate of rat liver (from 
330 mg. of liver) suspended in KCI, MgS04, phosphate buffer at 
pH 7.4, and substrates as indicated. The concentrations were: 
gIyoxyIate-1,2-C14, 0.005 M, and glutamate, 0.01 M. Flasks were 
incubated for 1 hour at 37”. 

TABLE II 
Glyoxylate oxidation by various rat tissues 

Organ Respired COr 

pm&s 

Liver.................................. 10.4 
Kidney................................ 8.7 
Heart................................. 6.8 
Muscle................................ 3.5 
Lung. . 2.5 
Brain................................. 2.5 
Spleen................................ 1.6 

Each flask contained washed homogenate of rat liver (from 
330 mg. of liver) suspended in KCI, MgSOa, phosphate buffer, at 
pH 7.4, glyoxylate-1, 2.Cr4, 0.005 M, and L-glutamate, 0.01 M. The 
total volume was 3 ml. Flasks were incubated for 1 hour at 
37”. 

enzyme preparation at 50” for 5 minutes. Under these condi- 
tions lactic acid and L-glutamic acid dehydrogenase activities 
were retained while glyoxylic acid dehydrogenase was completely 
destroyed. 

The pH optimum for this system (Fig. 1) ranges from pH 6.7 
to 7. 

Requirements for Glyoxylate Dehydrogenase System--Early 
experiments indicated that glutamate and DPN were necessary 
for activity. The system that appears to be necessary for maxi- 
mum activity is shown in Table III. In addition to L-glutamate 
and DPN, Mg++, Ca++, or Mn++ ions and thiamine pyrophos- 
phate were found to enhance glyoxylate decarboxylation. With 
this enzyme preparation there appears to be some bound DPN 
present, as shown by the residual activity when DPN was 
omitted from the reaction mixture. This may explain the slight 
enhancement of activity when DPN was replaced by TPN, 
but the results suggested that this system was specific for DPN. 
An absolute requirement for Mg++, Ca++, or Mn++ ions could 
not be shown, but any one of these ions stimulated CO2 forma- 
tion from glyoxylate, the latter giving the greater stimulation. 
The fact that thiamine pyrophosphate stimulated the reaction, 
coupled with the further enhancement noted with DPN and the 
metal ions, suggests that the mechanism for glyoxylate catabolism 
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FIG. 1. Effect of pH on glyoxylic acid dehydrogenase. Each 

flask contained the components for the complete system (Table 
III) with the exception that phosphate buffers of varying pH 
values were used. The pH values were determined at the end of 
the incubation period. 

TABLE III 
Requirements for maximal activity 

System 
Respired COz 

(per cent maxi- 
mal activity) 

Complete system.................................. 100 
Complete system minus L-glutamate.. . 4.8 
Complete system minus DPN.. . 21 
Complete system with TPN replacing DPN.. 35 
Complete system minus thiamine pyrophosphate.. 48 
Complete system minus MnCL. . . . 57 
Complete system with MgCls replacing MnCl~ . 54 
Complete system with CaC12 replacing MnCb.. . 90 

Complete system: Enzyme (1 ml.), glyoxylate-1,2-Cl4 (5 rmoles 
131,000 c.p.m. as BaC03 at infinite thickness), n-glutamate (5 
pmoles), MnC12, (8 pmoles), DPN (2.7 pmoles), thiamine pyro- 
phosphate (1.2 rmoles), 0.1 M phosphate buffer, pH 6.8 (0.7 ml.), 
and Hz0 to 2.5 ml. total volume. 0.2 ml. of 5 N NaOH and a 
small square of filter paper were placed in the center well to trap 
CO*, and 0.2 ml. of 25 per cent trichloroacetic acid was placed in 
the side arms. The trichloroacetic acid was tipped from the 
side arm to terminate enzyme action. The flasks were incubated 
at 37” for 1 hour. 

can be compared with the oxidative decarboxylation of other 
Lu-keto acids such as pyruvate or cY-ketoglutarate. Other co- 
factors such as coenzyme A, adenosine triphosphate, adenosine 
diphosphate, folic acid, pyridoxal phosphate, pyridoxamine 
phosphate, and glutathione were tested and found to be inactive. 
nn-Thioctic acid occasionally produced a slight and variable 

TABLE IV 
E$ect of glutamate concentration on glyoxylate oxidation 

Glutamate concentration 

/.Nwlesj2.S ml. 

0 

0.1 
0.5 
1.0 
5 

10 
20 
30 

Respired COz (c.p.m. er 118 ma;. 
BaCOa per flas K ) 

24 
84 

240 
317 
397 
301 
296 
216 

Each flask contained glyoxylate-1,2-Cl4 (5 hmoles 131,000 c.p.m. 
as BaC03 at infinite thickness), enzyme (1 ml.), n-glutamate in 
amounts indicated, DPN (2.7 ,umoles), thiamine pyrophosphate 
(1.2 pmoles), MnCb (8 pmoles), phosphate buffer, pH 6.8 (70 
pmoles), and Hz0 to 2.5 ml. total volume. Incubations were 
carried out at 37” for 1 hour. 

stimulation in the glyoxylic acid dehydrogenase system. This 
was not considered sufficiently significant to include as a require- 
ment for the system. 

The complete system generally used for all of the experiments 
is outlined in the legend for Table III. 

Effect of t-Glutamate Concentration-A series of experiments 
was set up, holding the concentration of all components of the 
system except n-glutamate constant. Typical results from such 
experiments (Table IV) showed that small amounts of n-gluta- 
mate stimulated glyoxylate oxidation but the optimum effect 
was found to be at equimolar concentrations of glyoxylate and 
n-glutamate. Higher L-glutamate concentrations were inhibi- 
tory. When the ratio of glyoxylate and L-glutamate concentra- 
tions was held constant at 1, and the amounts were increased, 
the rate of glyoxylate oxidation reached a plateau at an approxi- 
mate substrate concentration of 0.005 M. These results indicate 
that n-glutamate was not acting catalytically. The stoichiom- 
etry suggests that a condensation may have occurred between 
glyoxylate and n-glutamate. 

Specificity of L-Glutamate-The data presented (Table III) 
showed that n-glutamate was absolutely required for the gly- 
oxylic acid dehydrogenase system. Table V summarizes the 
results of a study designed to demonstrate the specificity of 
n-glutamate for the activation of the oxidative decarboxyla- 
tion of glyoxylate. n-Glutamine was about one-half as effec- 
tive as n-glutamate. As illustrated in Table IV, trace quan- 
tities of n-glutamate could increase the rate of glyoxylate 
decarboxylation. It is not known whether the increase ob- 
served in the presence of Lglutamine was caused by a slight 
conversion of the amide to the free acid or whether the increase 
was caused by L-glutamine itself. It is to be noted that the 
unnatural isomer, n-glutamate, as well as other close analogues of 
n-glutamate, such as N-formylglutamate, oc-methylglutamate, 
y-aminobutyrate, and n-aspartate, could not replace n-glutamate 
in this system. Other amino compounds tested could not acti- 
vate this system significantly. Specificity of this type suggests 
that n-glutamate is involved in the glyoxylic acid dehydrogenase 
system at the enzyme level. 

Effect of Inhibitors--Several typical enzyme inhibitors were 
tested (Table VI). Arsenate and calcium ions showed little 
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TABLE VI 
Effect of inhibitors 

I I 

TABLE V 
Specificity of L-glutamate 

Compound tested Respired CO2 (per cent maximal 
actmity) 

None.................................. 5 
n-Glutamate........................... 100 
L-Glutamine . . . . . . 53 
n-Glutamate.......................... 11 
y-Aminobutyrate. . . . . 19 
L-Formylglutamate.................... 22 
nn-ol-Methylglutamate . . . 12 
n-Aspartate........................... 7 
L-Asparagine.......................... 8 
n-Alanine............................. 11 
L-Proline.............................. 14 
L-Hydroxyproline . 15 
nn-Valine............................. 8 
L-Leucine. . . . . 13 
n-Glucosamine........................ 4 
n-Tyrosine............................ 6 
L-Arginine-HCI. . 8 
nn-Methionine......................... 9 
nn-Threonine. . . . . . . . 15 
L-Cysteine............................ 27 
L-Glutathione......................... 20 
m-Serine............................. 18 

Each flask contained enzyme, DPN, thiamine pyrophosphate, 
MnC12, phosphate buffer, pH 6.8, in the concentrations specified 
in Table III plus the amino compounds listed above at a con- 
centration of 5 rmoles per flask. Incubations were carried out 
for 1 hour at 37”. 

or no effect. Zinc and mercuric ions were highly toxic to the 
enzyme system. The inhibition by p-chloromercuribenzoate 
indicates that one or more of the enzymes in this system requires 
free sulfhydryl groups for activity. The action of hydroxylamine 
can most easily be explained by the removal of substrate. 

Isolation and Determination of Intermediates-In crude homog- 
enate preparations, the products of glyoxylate metabolism were 
identified as formate and CO2 (Table I). The partially purified 
enzyme system produced only small amounts of formic acid as 
compared to the COz formed. Excess formic acid, when added 
to the reaction mixture in trapping quantities, had no effect 
on COz production; it also trapped negligible radioactivity as 
formic acid (Table VII). These data indicate that formate was 
not formed or destroyed at an appreciable rate by this enzyme 
preparation, If  one postulates that a condensation between 
glyoxylate and n-glutamate occurred before decarboxylation, 
then a compound such as N-formylglutamic acid could be 
visualized as a product. An experiment was run with unlabeled 
formylglutamic acid as a trapping agent. The presence of 
formylglutamate had no influence on COZ evolution (Table VII). 

. Paper chromatography of the deproteinized reaction mixture 
showed the presence of glutamic acid, formylglutamic acid, and 
a trace of glycine. To the remainder of the deproteinized reac- 
tion mixture was added 1.2 mmoles of carrier formylglutamate. 
The trichloroacetic acid used for deproteinization was removed 
by ether extraction and the ether removed with a stream of 
nitrogen. This solution was passed through a Dowex 50-X8 
(acid form) column to remove amino acids. The eluate and 
washes from the Dowex 50 column were combined and neutral- 

Compound tested I”hiG;dOr Re;Fd 
(per CLt 
maximal 
activity) 

None.................... 
NatAsO, 
Versene . . . 
CaC12. 
ZnClz 
HgClz 
Hydroxylamine-HCI 
NaCN. . 
p-Chloromercuribenzoate 
p-Chloromercuribenzoate 
m-ol-Methylglutamate 

.............. 

.............. 

. . . . . . 
. 

. . 
+ glutathione. 

pmoles 

25 

25 
8 
8 

8 

12.5 
10 
1 
1 

20 

100 
83 

17 
100 

7 

18 
3 
7 
4 

3 
100 

Each flask contained the complete system (Table III) plus 
the above compounds in the amounts shown. The flasks were 
incubated at 37” for 1 hour. 

TABLE VII 
Products of glyoxylate metabolism 

Substrates 

Glyoxylate-l,2-C4. 
Glyoxylate-1,2-W + formate (20 

pmoles) . 
Glyoxylate-1,2-C14 + formylgluta- 

mate (10 pmoles) . 

1.65 

1.60 

1.65 

0.35 

pmoles 

1.50 

The usual complete system (Table III) with the addition of 
carrier formate or formylglutamic acid as indicated was used in 
these experiments. Incubations were carried out for 1 hour at 
37”. 

ized, and the acidic substances were adsorbed onto a column of 
Dowex l-Xl0 (acetate form) and washed with several hundred 
ml. of water. 1.7 N acetic acid was passed through the column 
and 10 ml. fractions were collected (flow rate, 10 ml. per 20 min- 
utes). Fractions containing formylglutamic acid were detec- 
ted and identified by paper chromatography. The fractions 
containing formylglutamate were combined and evaporated to 
dryness in vacua, taken up in ethanol, and again evaporated to 
dryness. The syrup was taken up in 2 ml. of ethanol and crystal- 
lized by the addition of 25 ml. of benzene. The isolated formyl- 
glutamate was hydrolyzed with HzS04 for 1 hour and the formate 
was converted to CO2 with mercuric sulfate, sulfuric acid reagent. 
The total radioactivity of this sample nearly equaled the radio- 
activity recovered in the respired COZ (Table VII). From these 
data it appears that the end products of this reaction were 
N-formylglutamic acid and COZ. 

DISCUSSION 

The experiments described show that a partially purified en- 
zyme system isolated from rat liver mitochondria can catalyze 
the oxidative decarboxylation of glyoxylate. The details of the 
mechanism for this reaction are not yet clear. Thus, parts of 
the mechanism postulated below have as yet no basis in experi- 
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N=CH-COOH 

(enzymatic?) I (1) 
O=CH-COOH + HOOC-CHNHz-CH2-CHz-COOH ) HOOC-CH-CH,-CHz-COOH 

N=CH-COOH N-CH,-COOH 

I (a) II - 
HOOC-CH-CHZ-CHS-COOH 

(b) NHz-CHz-COOH 
c----f HOOC-CC-CHZ-CHt-COOH - + 

(2) 

+ H20 HOOC-CO-CHz-CHz--COOH 

N=CH-COOH 

I 
HOOC-CH-CHz-CH2-COOH 

Glyoxylic acid oxidase 
, 

NH-CHO 

I 

/ 
+ H20 + DPN DPNH 

NH-CHO 

I 
HOOC-CH-CHz-CH,-COOH + COz 

(3) 

HOOC-CH-CHp-CHz-COOH + Hz0 + HOOC-CHNHZ- CHz-CH,-COOH + HCOOH 
(4) 

catalase 
HCOOH + HzOz p Con + &O (5) 

SCHEME 1 

mental data, but known and circumstantial evidence would in- 
dicate that it must be close to the truth. The requirement for 
DPN, thiamine pyrophosphate, and manganous or magnesium 
ions, shows that part of the mechanism must be analogous to 
known oxidative decarboxylations. The almost absolute re- 
quirement for n-glutamic acid plus the isolation of N-formyl- 
glutamic acid as one of the decarboxylation products, adds a 
unique character to this system. Considering the specificity of 
n-glutamate for this reaction, there can be little doubt that this 
amino acid participates in this series of reactions at the enzyme 
level. n-Glutamate can be involved either before or after the 
decarboxylation step. If  it entered this system after decarbox- 
ylation, then one would have to postulate that n-glutamate acts 
as a specific and necessary acceptor of the one carbon compound 
from the enzyme, in order to account for the nearly absolute 
requirement for n-glutamic acid. Although such a mechanism 
might be possible, the involvement of Irglutamate at a step 
before decarboxylation would seem more probable (Scheme 1). 
The first step is thought to be a rapid enzymatic condensation 
of glyoxylate and n-glutamate to form the hypothetical com- 
pound, N-glyoxylglutamic acid. The existence of such an inter- 
mediate is reasonable in view of the nonenzymatic transamina- 
tion that has been shown to occur between these two compounds 
(15). Such a compound would be a Schiff’s base with the pos- 
sibility of electron shifts around the imino nitrogen to form the 
tautomers shown by Reaction 2a, Scheme 1. In the system un- 
der study, it is felt that the proposed intermediate, or its hydrated 
form, can be converted to CO2 and N-formylglutamic acid by 
the DPN, thiamine-dependent enzyme that has been tentatively 
designated as glyoxylic acid dehydrogenase. 

N-Formylglutamic acid has been shown to be one of the inter- 
mediates in the degradative pathway of histidine (10). It can 
also be synthesized by the reversible transformylation between 
the formylated form of citrovorum factor and n-glutamic acid 

(18). The latter reaction, coupled with the formation of N-for- 
mylglutamic acid from glyoxylate, makes it possible to trace a 
logical pathway for the a-carbon of glycine to form the P-carbon 
of serine. This conversion can be envisioned as going from 
glycine + glyoxylate -+ N-formylglutamic acid -+ formylated 
form of a folic acid derivative + serine. 

The enzymatic hydrolysis of N-formylglutamic acid (Reaction 
4) was first observed by Tabor and Mehler (lo), and subsequently 
reported by Ohmura and Hayaishi (19) and Kato et al. (20). 

The oxidation of formate (Reaction 5) was shown to be cata- 
lyzed in mammalian tissues by the catalase-hydrogen peroxide 
complex (5). 

The identification of N-glyoxylglutamic acid as an intermediate 
is under investigation, and a separation of the proposed enzyme 
activities is contemplated. 

SUMMARY 

1. Washed homogenates of rat liver can convert glyoxylate- 
1 2-Cl4 to formate and CO 2. This oxidation was stimulated 
aiproximately 15-fold by the addition of n-glutamate. 

2. The oxidation of glyoxylate was stimulated by n-glutamate 
in all tissues of the rat that were tested. 

3. A partially purified preparation of enzyme that catalyzes 
the oxidative decarboxylation of glyoxylate has been obtained 
from rat liver mitochondria extracts. This system requires 
added diphosphopyridine nucleotide, thiamine pyrophosphate, 
Irglutamate and MnClz to achieve maximal rates of decarbox- 
ylation. The optimal pH lies between pH 6.8 and 7. The maxi- 
mal stimulation resulting from addition of n-glutamate occurred 
when the ratio of glyoxylate and n-glutamate concentrations 
was one. 

4. n-glutamate could not be replaced by any other amino 
acid. n-Glutamine was about one-half as effective, whereas 
little or no effect could be detected with other compounds, in- 
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eluding those structurally related to L-glutamate, such as D-glu- 6. The products of this oxidative decarboxylation were N-for- 
tamate, y-aminobutyrate, nL-cr-methylglutamate, L-aspartate mylglutamic acid and COZ. 
or N-formylglutamate. 7. Possible mechanisms of action are discussed. 

5. This enzyme system was inhibited by ethylenediamine- 
tetraacetate, zinc or mercuric ions, cyanide, hydroxylamine and Acknowledgments-The authors wish to express sincere grati- 
p-chloromercuribenzoate, but not by calcium ions, Lu-methyl- tude to Dr. Sidney Weinhouse and Dr. Arne N. Wick for their 
glutamate, or N-formylglutamate. continued interest in this work. 
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