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Kawasaki, Sato and Kikuchi (1966) reported that liver mito- 

chondria catalyzed the following new reaction: L-serine + CO2+ 

NH3 (+2H)+ 2 glycine. S-Carbon of serine and bicarbonate 

carbon were incorporated specifically into the o-carbon and the 

carboxyl carbon of glycine, respectively, at a stoichiometric 

ratio of one. We observed that the activity was widely distributed 

in various species of mammals and birds, not only in liver but 

also in kidney, although the activity in kidney was far lower 

(about 15%) than in liver. The enzymes catalyzing the overall 

reaction have been solubilized from acetone powder of rat-liver 

m itochondria. , 
The m itochondrial acetone powder was extracted with 10 times 

the weight of 0.02 M  Tris-Hclbuffer of pH 8.0. The extracts 

were usually dialyzed for 3 hrs against the same buffer: the 

buffer being renewed every hr. Longer dialysis was avoided be- 

cause of the instability of enzymes. Other experimental methods 

Abbreviation: THFA, tetrahydrofolic acid. 
* This investigation was supported in part by U.S. Public Health 

Service Research Grant AM-08016-03, from the National Institute 
of Arthritis and Metabolic Diseases (G.K). 
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Table I. Requirements for glycine synthesis from L-serine, 
NaHl4COj saci NHgCl 

Reaction system 14C-Amir,o acids (cpm) 

Complete system 12,500 
M inus THFA 590 
M inus di thiothreitol b,460 
M inus THFH arid dithiothreitol 245 
M inus pyridoxal phosphate R,340 
M inus NH4Cl 1,140 

Complete system contained, in 3.0 m l: 2.3 mg protein lu of dia- 
lyzed enzyme preparation, 150 poles of Tris-HCl buffer (pH 8.0), 
20 poles of L-serine, 20 moles of NRqCl, 60 poles of NaHl4003 
(0.02 mc/mmole), 5 poles of MgC12, 1 pmole of TRFA, 0.5 p.tnole 
of pyridoxal phosphate and 30 umoles of dithiothreitol. Reac- 
tions were carried out for 1 hr at 37' in N2 gas. 

were similar to those described previously (Kawasaki, Sato and 

Kikuchi, 1966). 

With the 3 hrs dialyzed enzyme preparation, the 14 C-glycine 

synthesis from serine, NaR 14COj and NH4Cl required the addition 

of THFA (Table I). Other 14C-amino acids than glycine and 

serine were not detected in the 14C-products and more than 90% 

of the total l4 C fixed into amino acids were recovered in gly- 

tine. The glycine synthesis was increased more than three-fold 

by the addition of dithiothreitol. Mercaptoethanoi, cysteine 

and glutathione failed to increase the activity. The glycine 

synthesis was inhibited by very low concentrations of sodium 

arsenite and the inhibition was completely reversed by the ad- 

dition of dithiothreitol. The yield of glycine was increased 

by about 303 by the addition of pyridoxal phosphate. The reac- 

tion was inhibited about 90% by 5 r&l cycloserine, and almost 

completely by 1 m M  hydroxylsmine or stmicarbazide. Without 
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NH4C1, the yield of l4 C-glycine was very small; NH4Cl could not 

be replaced by glutamine, asparagine, glutamate, aspartate and 

other amino acids tested. ATP had no effect on the reaction; 

rather a sli&t inhibition was observed in some cases after the 

addition of ATP. Under the employed reaction conditions, prac- 

tically no 14C-glycine was obtained when serine was replaced by 

other amino acids, including glgcine (cf. Table IV). 

T I M  E (min) 

Fig. 1. Time courses of glycine synthesis with methylene- 
TRFA and L-serine as one-carbon donor, respectively. Reaction 
mixtures in serine series (o---o) contained, in 3.0 m l: 2.9 mg 
protein N of enzyme, 5 nmoles of L-serine, 5 wales of TRFA, 50 
poles of NaR14C03, and other additions as employed in the com- 
plete system of Table I. Reaction m ixtures in methylene-TRFA 
series (~0) were similar to those in serine series except 
that serine and THFA were replaced by 5 poles of methylene-TRFA, 
Reactions were carried out at 37' in N2 gas. 

Chemically synthesized methylene-TRFA (cf. Osborn, Talbert 

and Huennekens, 1960), however, was found to effectively replace 

serine in the glycine synthesis. The reaction rate was rather 

hi&er when methylene-TRFA was employed as substrate (Fig. 1). 

The enzyme preparation was revealed to contain a high activity 

of serine hgdroxymethgltransferase (EC 2.1.2.1). These would 
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Table II. Xffects of various factors on glycine synthesis 
from methylene-THFA, NsHl4C03 and NH4Cl 

Reaction system 14C-Amir,o acids (cpm) 

Standard system 
M inus dithiothreitol 
M inus dithiothreitol, plus 

NAIX (0.33 mM) 
M inus dithiothreitol, plus 

NAIH and arsenite (1mM) 
M inus pyridoxal phosphate 

1,341 
311 

1,596 

0 
881 

Standard system contained, in 3.0 m l: 3.0 mg protein N of enzyme, 
150 poles of Tris-HCl buffer (pH 8.0), 20 poles of NH4C1, 30 
poles of NaHl4C03 (0.02 mc/mtnole), 5 pmoles of MgCl2, 30 moles 
of dithiothreitol, 0.5 pole of pyridoxal phosphate and 5 poles 
of methylene-THFA. Reactions were carried out for 20 m in. at 
370 in N2 gas. 

indicate that methylene-THFA acted as the direct one carbon do- 

nor for the glycine synthesis. 'Ihe reaction with methylene- 

THFA required the addition of NAW or dithiothreitol for the 

full activity, and the reaction was strongly inhibited by arse- 

nite (Table II). The reaction was stimulated by addition of 

pyridoxal phosphate, and inhibited by about 303 by 3 m&i cgclo- 

serine. Without addition of NH4C1, the yield of 14C-glycine 

was negligible. Neither l4 C-glycolate nor glyoxylate was ob- 

tained after the incubation either in the presence or absence of 

NH4Cl. 

The enzyme preparation also catalyzed the decarboxylation of 

glycine (Table III). The decarboxylation occurred significant- 

ly only aerobically and the reaction required 'MFA. Ihe reac- 

tion was stimulated by pyridoxal phosphate, and inhibited by 

hydroxylsmine, cycloserine and by arsenite. The Km for glyclne 

was 1.7 m M . The decarboxylation of glycine was accompanied by 

498 



Vol. 28, No. 4, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table III. Glycine cleavage 

mpt. Reaction system 14co 14C-Serine 
NO. snd substrate ( cpmf (cpm) 

1 Corn;;;;; eV;cine-l-14C) 3,280 

M inus TRiA and dithiothreitol 
1,740 

583 
M inus pyridoxal phosphate 2,580 
M inus pyridoxal phosphate, 

plus hydroxylamine (1 m ivl) 675 

2 Complete (glgcine-l-14C) 3,380 2,870 
Complete (glycine-2-14C) 25 6,000 

Complete system in Expt. 1 contained, in 5.0 m l: 2.5 mg protein 
N of enzyme, 150 pmoles of Tris-hC1 buffer (pH 8.0), 2U )unoles 
of 14C-glycine (0.01 mc/mmole), 5 poles of MgClg, 30 pmoles of 
dithiothreitol. Complete systems in Expt. 2 were similar to 
those in Expt. 1, except that 2.3 mg protein N of enzyme were 
used. Reactions were carried out for 1 hr at 3'7O in air. 

the concomitant synthesis of serine, and the data obtained ap- 

peared to be consistent with the following equation: 2 glycine 

*serine + CO2+ NR3t 2R. This type of reaction had been 

reported to occur in avian and rat-liver (Richert et al., 1962), -- 
plants (McConnell, 1964; Sinha and Cossins, 1964; Cossins and 

Sinha, 1966) and in Peptococcus glycinophilus (Sagers and Gun- 

salus, 1961) and other m icroorganisms (cf. Morris, 196s). !&e 

enzyme preparation from Peptococcus glycinophilus was also shown 

to strongly catalyze the exchange reaction between glycine and 

cop A pyridoxal phosphate enzyme and possibly a dithiol en- 

zyme were revealed to be responsible to this exchange, but THFH 

was not required for the exchange reaction (Klein and Sagers, 

1966, 1966a, 1967, 1967a; Baginsky and Huennekens, 1966). In 

similarity to the bacterial enzyme, our m itochondrial enzyme 

preparation also catalyzed the exchange of glycine and 14C02 
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Table IV. 14C incorporation from NELH~~CO;S into glycine under 
various reaction conditions 

Non-labelled 
substrate Omisslor~ 14C-Amino acids (cpm) 

In air In N2 gas 

Glycine 
Glycine 
L-Serine 

THFA 
None 
None 

13,900 756 
1,740 

11,000 12,3E 

2.5 mg protein N of enzyme, 60 poles of NsH~~CO~ (0.02 mc/ 
mmole) and 20 pmoles of glycine or serine were employed. Also 
20 poles of h?I4Cl were added in the serine system. Other ad- 
ditions were similar to those for Bxpt. 1 in Table III. Reac- 
tions were carried out for 1 hr at 37O in air or N2 gas. 

(Table IV). The significant exchange, however, was observed 

only in air, probably because the reaction m ixtures contained 

excess amounts of dithiothreitol. The rate of exchange was 

greatly reduced when TRFA was added. These data strongly sug- 

gest that the mechanism by which the a-carbon of glycine is 

converted to one carbon unit in liver m itochondria may be es- 

sentially similar to the mechanism of glycine cleavage in 

Peptococcus glycinophilus (cf. Baginsky and Huennekens, 1966). 

The rate of exchange between glycine snd 14C02 in the absence 

of THFA was found to be very close to that of the synthesis of 

14C-glycine from serine, NEU-I~~CO~ and NH4C1. 

The experimental results so far obtained point to the pos- 

sible reversibility of the glycine synthesis and the glycine 

cleavage in liver m itochondrla. It is noteworthy that, while 

the glycine synthesis with methylene-MFA as substrate should 

involve the Co2 fixation and the ammonia fixation, apparently 

no exogenous supply of energy was necessary for the synthesis. 
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A pyridoxal phosphate enzyme may participate in some step of 

the reaction and possibly a dithiol enzyme is responsible to 

the reduction of an intermediate complex. RAW may be the 

physiological H-donor for reducing the suspected dithiol enzyme. 

It seems likely that the ammonia fixation precedes the CO2 fix- 

ation in the reaction sequence of glycine synthesis when we con- 

sider that the exchange of glycine and l*CO2 was suppressed by 

the addition of THFA, while TRFA was required for the 14C02 

formation from glycir,e-l-14 C in the absence of bicarbonate ad- 

ded. Thus the whole figure of the glycine synthesis appears 

to be accounted for by assuming the reverse of the cleavage 

mechanism, although the final conclusion must await further 

investigations. 

The authors are grateful to Mr. Narikazu Sato for his skill- 

ful technical assistance. 
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