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SUMMARY 

This study demonstrates that the newborn lamb, in order to 
adapt to extrauterine life, requires erythrocytes with a lower 
oxygen affinity than that which existed near the end of fetal life. 
But because the red cells at birth contain predominantely fetal 
hemoglobin, an adequate P,, can only be attained by a marked 
increase in red cell DPG. The amount of DPG required depends 
upon the quantity of adult hemoglobin present within the red cell 
a t  birth. When enough DPG has been attained for an adequate 
postnatal P,, the quantity then decreases synchronously with the 
increase in adult hemoglobin in an orderly fashion so that adequate 
P,, values are maintained. The need for a rise in DPG concentra- 
tion postnatally can be aborted by providing the newborn lamb 
with adequate amounts of adult hemoglobin, such as by an 
exchange transfusion with adult blood. 
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Extract 

Studies of a mentally retarded boy, clinically suffering from 
nonketotic hyperglycinemia, are reported. Using combined gas 
chromatography-mass spectrometry, enzyme specificity studies, and 
spectropolariometry D-glyceric acid in extremely elevated concen- 
trations was demonstrated in both serum and urine (serum: 1.0-1.3 
mmol/liter, urine: 33-187 mmol/liter). Hydroxypyruvic acid was 
not detectable in urine from this boy using a gas chromatographic 
method with a limit of detection of 0.3 mmol/liter. Enzyme assays 
of D-glyceric dehydrogenase on blood leukocytes demonstrated 
significantly lower activity in the patient compared with five normal 
children. 

Speculation 

The accumulation of glycine in this new metabolic defect may 
result from a secondary inhibition of the glycine cleavage system, an 
explanation that would correspond well with the current concept on 
the genesis of the glycine accumulation found in ketotic hyper- 
glycinemia. 

Recently we had the opportunity to investigate a 4-year-old boy, 
clinically suffering from nonketotic hyperglycinemia, who con- 

stantly excreted large amounts of another compound besides 
glycine. This compound was identified as glyceric acid (3, 4). 

Accumulation of this compound has not previously been re- 
ported in hyperglycinemic conditions. The original hyper- 
glycinemia syndrome (7, 18), exists in two clinically distinct 
entities, a ketotic and a nonketotic form. The ketotic form is 
characterized by excretion of other metabolites besides glycine, 
i.e., organic acids derived from the breakdown of branched chain 
amino acids, and it is now firmly documented that also the primary 
enzyme defect is located here (16). The hyperglycinemia in these 
disorders is assumed to be a secondary phenomenon. In contrast, 
all so far available evidence indicates that nonketotic hyper- 
glycinemia is caused by a primary defect in the glycine cleavage 
system, and it has never been possible to demonstrate accumula- 
tion of other metabolites besides glycine (17). 

Hyperglyceric aciduria has previously been described only in 
primary hyperoxaluria type 2, a condition characterized by 
recurrent nephrolithiasis and excretion of oxalic acid and L-gly- 
ceric acid (25, 26). However, hyperglycinemia is not a feature in 
this disorder. 

The purpose of this paper is to present biochemical studies on 
our patient. It is shown that the glyceric acid excreted in this new 
metabolic disorder is the D-stereoisomer, and that the accumula- 
tion of this compound presumably results from an enzyme defect 
of the D-glyceric dehydrogenase. 
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CASE REPORT 

A.J. is the second child of nonconsanguineous emigrants from 
Serbia, whose first child, a boy, was normal. He was born after 
a full term pregnancy and spontaneous delivery. Birth weight 
was 3,350 g. From the first days of life severe hypotonia was 
observed, and spontaneous movements were almost totally ab- 
sent. At 8 weeks of age generalized seizures appeared, and the 
child was admitted to the neuropediatric ward. During this ad- 
mission he has presented several unusual neurologic symptoms 
such as myoclonic jerks, cerebellar fits, and an almost classic 
chorea minor pattern (4). Since this admission he has failed to 
develop mentally, and is now at an age of 4 years still totally 
helpless and has no contact with his surroundings. He still has 
frequent episodes of generalized seizures in spite of antiepileptic 
treatment. Physically he is norrnally developed with a weight 
corresponding to his age. Normal laboratory results included rou- 
tine urine analyses, complete blood count, and concentrations of 
serumelectrolytes, protein, glucose, creatinine, uric acid, and 
bilirubin. Arterial acid-base values were normal both during his 
better periods and during relapses, and ketosis was never present. 
Urinary excretion of oxalic acid was normal. Abnormal labora- 
tory findings were moderately elevated concentrations of alkaline 
phosphatase, 2-hydroxybutyrate dehydrogenase, and aspartate 
aminotransferase. 

Amino acid screening, prompted by the clinical picture, 
showed severely elevated concentrations of glycine in serum, 
spinal fluid, and urine (in serum 0.3-1.5 mmol/liter; in spinal 
fluid 0.12 mmol/liter; in urine 22-61 mmo1/24 hr). All other 
amino acids were within the normal range (4). 

From the clinical picture and the hyperglycinemia we con- 
cluded that the patient had a typical syndrome of nonketotic 
hyperglycinemia. However, when a routine gas chromatographic 
screening for organic acids was performed using the method of 
Ando et a/. (I ,  2), large amounts of an unknown compound 
were found repeatedly. Significant amounts of propionic acid, 
methylmalonic acid, or isovaleric acid were never found. 

MATERIALS AND METHODS 

Lactic dehydrogenase (pig muscle, EC. 1.1.1.27), D-glyceric 
dehydrogenase (spinach leaves, EC. 1.1.1.26) and P-adenine dinu- 
cleotide (NAD) were purchased from Boehringer Mannheim, West 
Germany. Alkaline phosphatase (calf intestinal mucosa, 
EC.3.1.3.1) were obtained from Sigma Chemical Co., St. Louis. 
D-Glyceric acid was synthesized from 3-D-phosphoglyceric acid 
(27) by treatment with alkaline phosphatase and purified by the 
method used for isolation of glyceric acid from the patient's urine. 

The organic acids were extracted from the urine with equal 
amounts of diethylether and ethylacetate. A urine specimen 
equivalent to 2 mg creatinine was acidified with 1 N HCI and equal 
amounts of saturated sodium chloride were added. Extraction was 
performed using 10 volumes of diethylether and 10 volumes of 
ethylacetate. The combined organic phase was dried with anhy- 
drous sodium sulfate and evaporated under a stream of dry 
nitrogen. The organic acids in the residue were derivatized as either 
trimethylsilyl esters-trimethylsilyl ethers (TMS derivatization) by 
adding 0.2 ml Tri-Sil (28) and 0.2 ml N,O-bis-(trimethylsily1)- 
trifluoroacetamide (BSTFA) (28) or as methyl esters trimethyl- 
silyl ethers (ME-TMS derivatization) by initial methylation af- 
ter the method of Schlenk et a/. (21) followed by addition of 
0.2 ml Tri-Sil and 0.2 ml BSTFA. Aliquots of 3 PI were in- 
jected into the gas chromatographic column. Gas chromatog- 
raphy was carried out using a Hewlett-Packard 7620 A instru- 
ment equipped with a 6-foot by %-inch (inner diameter) glass 
column packed with 3% OV I on Chromosorb W, H P  80/100 
mesh (28). Helium was used as carrier gas (flow: 60 ml/min), and 
in the routine investigation the oven was programmed at 4O/rnin 
from 60" to 260'. 

Gas chromatography-mass spectrometry was carried out using a 

Pye-Unicam 104 gas chromatograph coupled via an all glass line 
and a silicone membrane separator to an AEI M S  30 mass 
spectrometer. The gas chromatograph was fitted with a 6-foot by 
%-inch glass column packed with 3% OV I .  Helium was used as 
carrier gas. 

GLYCERIC AClD IN U R I N E  

The unknown gas chromatographic peak was identified as 
glyceric acid by its retention time expressed relative to alkanes in 
methylene unit (MU) values after the method of Dalgliesh 
et al. (lo), and by mass spectrometry. The glyceric acid concen- 
tration in urine was determined using aqueous solutions of cal- 
cium-D,L-glycerate (27) as standards. Both urine specimens and 
standards were extracted with diethylether and ethylacetate as 
described above, and the glyceric acid was quantified by gas 
chromatography using silylated derivatives. The extraction yield of 
glyceric acid was estimated by comparing the peak areas of gly- 
ceric acid obtained from urine after extraction and T M S  deriva- 
tization with those obtained after direct T M S  derivatization of 
the lyophilized urine. 

Glyceric acid was isolated from AJ's urine in order to determine 
its stereoisomer form. Twenty grams of charcoal were added to 
ml urine. After heating to 50" for 30 min centrifugation was 
performed and the supernatant was applied to a Dowex 1 column. 
Eluation was done with rising concentrations of acetic acid 
(0.5-2.0 N). The eluate was collected in fractions and tested by gas 
chromatography for glyceric acid. The fractions containing gly- 
ceric acid were combined, and acetic acid and water were evapo- 
rated in vacuo at  50". The residue was redissolved in distilled water 
and tested by gas chromatography for impurities. 

The glyceric acid isolated from the patient's urine was incubated 
with NAD and either lactic dehydrogenase or D-glyceric dehydro- 
genase. The reaction mixture was comprised of: glycine 1 mmol, 
pH 9; hydrazine sulfate 0.8 mmol, pH 9; NAD 0.8 pmol; D-gly- 
ceric dehydrogenase 200 p1 or lactic dehydrogenase 200 PI. The 
reaction was started by adding 50 H I  glyceric acid solution (20 
mM). The total volume was 2,280 p1 and the reaction took place 
at 37". The oxidation of glyceric acid was measured on a Zeiss 
PMQ 11 spectrophotometer at 340 nm. Aqueous solutions of cal- 
cium-D,L-glycerate (25 mM and 6.25 mM) were used as refer- 
ences. The optical rotation of an aqueous sample of glyceric acid 
isolated from the patient's urine was measured on a Spectropol 1 
FICA apparatus. A sample of authentic D-glyceric acid of a sim- 
ilar concentration (20 mM) was used as reference. 

GLYCERIC AClD IN SERUM 

The serum concentration of glyceric acid was determined by the 
same method as urinary glyceric acid, except that serum specimens 
were treated with ethanol to precipitate the proteins before 
extraction. 

HYDROXYPYRUVIC AClD 

A gas chromatographic method for determination of urinary 
hydroxypyruvic acid was designed using the method for ketoacid- 
determination described by Lancaster (15). A urine specimen was 
made strongly alkaline, and extracted with diethylether. The or- 
ganic phase was discharged. Hydroxylamine (29) was added, and 
after heating at 60" for 30 min the sample was acidified and again 
extracted with diethylether. The extract was dried, evaporated and 
T M S  derivatized. Gas chromatography was performed on a 3% 
OV I column. 

D-GLYCERIC DEHYDROGENASE IN LEUKOCYTES 

Blood corresponding to 5 x lo7 leukocytes was drawn from the 
patlent on two occasions with an interval of 10 days. In the first 
experiment two children, age 2 and 6 years, and in the second 
experiment three children, age 3-6 years, were used as control 
subjects. All five control children were without signs of metabolic 
disorder. The leukocytes were isolated by the dextran method (8), 
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and remaining erythrocytes were removed by hypo-osmolar dis- 
rupture. The final pellets were dissolved in 2 m10.154 M potassium 
chloride containing 0.01 M &mercaptoethanol, and homogenized 
by 4 min of sonication. After centrifugation at 2,700 x g for 30 
min, 1 M magnesium chloride, 50 p1, was added, and the solutions 
were dialyzed for 36 hr against 0.06 M sodium acetate containing 
0.01 M j3-mercaptoethanol a t  4O. After another centrifugation the 
supernatants were used in the enzyme assays. These were per- 
formed on an Aminco S P F  125 spectrofluorometer. The reaction 
mixture was comprised of: Tris 0.2 mmol, pH 9; hydrazine sulfate 
0.4 mmol, pH 9; NAD 9 pmol; D-glyceric acid 3.5 pmol; and 
enzyme suspension corresponding to 2 x lo6 leukocytes. The total 
volume was 2,800 p1. The reaction took place at  30° in the cuvette 
after addition of the D-glyceric acid. The formation of reduced 
j3-adenine dinucleotide (NADH) was followed using an excitation 
wave length at  340 nm and an emission wave length at 460 nm. 

RESULTS 

GLYCERIC ACID IN U R I N E  

Both TMS- and ME-TMS derivatives were used to identify the 
unknown compound found in the routine gas chromatographic 
screening. In both cases a large peak was found. The gas 
chromatogram obtained using ME-TMS derivatives is shown in 
Figure 1. The mass spectrums obtained, when using the two 
different types of derivatives, showed molecular ions of 322 (TMS) 
and 264 (ME-TMS), respectively. This difference indicates that 
the unknown compound had only one carboxyl group. The ion at  
m/e 147 in the mass spectrum of the ME-TMS derivative (Fig. 2) 
indicates the presence of a t  least two T M S  groups (19). Based on 
these observations glyceric acid was suspected. To confirm this 
assumption the M U  values of the unknown compound and of 
authentic glyceric acid were measured, and found to be identical on 
twodiffereilt gas chromatographic columns, as shown in Table 1. 

The final identity was established by mass spectrometry, since 
the mass spectrums obtained from the unknown compound and 
from authentic glyceric acid were identical, using both ME-TMS 
derivatives (Fig. 2) and T M S  derivatives. 

The relationship between the detector response and the sample 
size of the TMS-derivatized authentic glyceric acid was linear 
through 0 over the range tested (1-10 mmol/liter). The correlation 
coefficient for the standard curve was 0.99. The recovery of 
glyceric acid through the extraction procedure was about 13%. 

Over a period of 2 years the urinary concentration of glyceric acid 
measured by this method ranged from 33 to 187 mmol/liter. 

When the patient's charcoal-treated urine was chromatographed 
on a Dowex 1 column, glyceric acid was eluated as a well defined 
peak at 1 .01.5 N acetic acid. When tested by gas chromatography 
for impurities using T M S  derivatives as well as ME-TMS 
derivatives, the glyceric acid peak was found to contain only minor 
impurities, amounting to less than I%, estimated by peak areas. 

The glyceric acid isolated from the patient was oxidized when 
incubated with D-glyceric dehydrogenase, but not when incubated 
with lactic dehydrogenase. D,L-Glyceric acid was oxidized equally 
in both systems (Fig. 3). When authentic D-glyceric acid was used 
as a substrate in the two assays, it behaved like the glyceric acid 
from the patient. 

The optical rotation of the glyceric acid was measured between 
240 nm and 350 nm (Fig. 4). The patient was found to excrete 
D-glyceric acid, since a descending optical rotatory dispersion 
curve was obtained with descending wave length in the interval 
tested (9). When measuring authentic D-glyceric acid under the 
same conditions, an identical curve was obtained. 

GLYCERIC AClD IN SERUM 

The concentration of glyceric acid in serum was 1.0-1.3 
mmol/liter. 

HYDROXYPYRUVIC AClD 

The method designed to quantify urinary hydroxypyruvic acid 
proved to be usable. The standard curves obtained were straight 
(correlation coefficient 0.98), and passed through 0. The mass 
spectrum of the gas chromatographic peak was consistent with the 
expected hydroxylamine-TMS-derivatized hydroxypyruvic acid 
(M = 335). The limit of detection was less than 0.3 mmol/liter. It 
was never possible to demonstrate the presence of hydroxypyruvic 
acid in any urine specimen from the patient. 

D-GLYCERIC DEHYDROGENASE IN LEUKOCYTES 

Figure 5 shows the formation of NADH in the reaction mixture 
as a function of time elapsed after additon of D-glyceric acid. The 
design of the fluorometer made it necessary to delay the first 
measurement 30 sec. Each point represents the difference between 
the formation of NADH in the total sample (i.e., the assay 
containing the total reaction mixture + D-glyceric acid) and the 
corresponding sample blind (i.e., reaction mixture + distilled 

> 

60 100 ILO O C  

Fig. 1. Gas chromatogram of methyl esters-trimethylsilyl ethers derivatives of urine organic acids from AJ. Column: 3% OV 1. A: solvent front; B: 
glyceric acid; C: urea. 
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clear that the ketotic form represents several well defined inborn 
errors of metabolism, such as propionic acidemia, methylmalonic 
acidemia, and isovaleric acidemia, and it is assumed that the 
hyperglycinemia found in these diseases is a secondary phenome- 
non. In contrast, all so far available evidence indicates that the 
syndrome nonketotic hyperglycinemia is caused by a primary 
block in the glycine cleavage system. 

Therefore, the most striking difference between our patient and 
all the previously described cases of nonketotic hyperglycinemia is 
the accumulation of another compound besides glycine. This 
compound was identified as glyceric acid by its gas chromato- 
graphic behavior in several systems and by mass spectrometry. 

Glyceric acid is an unusual metabolite to find in human urine. In 
the routine gas chromatographic screening of urine from 400 
children suspected as having metabolic disorder and from 50 
healthy children, we have never found this compound in any urine 
except from the patient presented. 

Chalmers et al. (5) found trace amounts of glyceric acid in urine 
from a patient with propionic acidemia when using DEAE- 
Sephadex ion exchange chromatography to extract the organic 
acids. This method probably gives a much higher extraction yield 
of glyceric acid than the method used in the present investigation. 

L-Glyceric aciduria has been described by Williams and Smith 

Fig. 2. Mass spectrum of the unknown compound using methyl esters- 
trimethylsilyl ethers deriv~tives (A) compared with that obtained from EXT 
authentic glyceric acid 1 -' 

A / B 

T ~ L .  1. Methylene unit values1 

Authentic 
glyceric Abnormal 

Column Derivative acid peak 

3% OV- l M E  + T M S  12.4 1 12.41 
T M S  13.52 13.48 

3% OV-17 M E  + T M S  13.21 13.22 
T M S  13.83 13.83 

ME: methyl esters; TMS: trimethylsilyl ethers and esters. 

water instead of D-glyceric acid). The approximated line for each 
experiment was calculated using the principle of least squares (22), 
and the regression coefficients of these lines were used as 
measurements of enzyme activity. 

Significant D-glyceric dehydrogenase activity was found in 
leukocytes from the patient, since the activity in the total sample 
was significantly higher than the activity in the corresponding 
sample blind (P < 0.025 (t-test)). The 95% confidence limits of the 
activities found in the two experiments with leukocytes from the 
patient were 0.4-1.2 nmol NADH/min to 0.4-2.1 nmol 
NADH/min. The mean enzyme activity of the five normal 
children was 3.3 nmol NADH/min (range: 2.6-4.0 nmol NADH/ 
min). 

In a separate experiment equal amounts of leukocyte homoge- 
nate from the patient and from one of the normal children were 
pooled, and the D-glyceric dehydrogenease activity was measured. 
The activity found was slightly higher, but not significantly 
different from the expected value, which in this experiment is the 
mean of the values obtained when enzyme activity was measured in 
leukocytes from the two children separately. 

I I 
10 20 30 40 10 20 30  40 

Minutes Minutes 

Fig. 3. Determination of stereoisomer form of the glyceric acid isolated 
from the patient's urine using enzyme specificity. Formation of reduced 
adenine dinucleotide in a system containing D-glyceric dehydrogenase (A) 
and in a system containing lactic dehydrogenase (B). The reactions were 
started by adding 50 p1 of either 20 mM glyceric acid from the patient 
(-) or 25 mM calcium-D,L-glycerate ( - . - . - )  or 6.25 mM calcium- 
D,L-glycerate (- - -). 

DISCUSSION - 0.1 1 / 
The original "idiopathic hyperglycinemia" described by Childs 

B 

et al. (7) and Nyhan et al. (18) was later divided into two clinically 
distinct entities, namely a ketotic variant with recurrent attacks of 250 300 350 WAVELENGTH NN 
ketoacidosis and a nonketotic variant without ketoacidosis, but Fig. 4. Optical rotatory dispertion curves. A: distilled water; B: an 
with early signs of progressive cerebral damage (16, 17). It is now aqueous solution of glyceric acid from the patient. 
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(25, 26) in four patients with primary hyperoxaluria type 2. 
However, these patients were characterized clinically only by 
recurrent calcium oxalate nephrolithiasis, and showed no signs of 
cerebral damage. No hyperglycinemia was found, but in all four 
patients large amounts of oxalic acid and L-glyceric acid was 
excreted. No glyceric acidemia was reported. Thus the clinical 
and biochemical picture in our patient is fundamentally different 
from that in primary hyperoxaluria type 2. 

Recently, Wadman (23) has found elevated concentration of 
glyceric acid in both serum and urine from a 4-week-old boy with 
recurrent attacks of metabolic acidosis. The evaluation of this 
syndrome is difficult, since the optical configuration of the glyceric 
acid still has to be determined, but neither hyperglycinemia nor 
hyperoxaluria was present. 

The optical form of the glyceric acid excreted by our patient was 
determined using two different principles, as described by Williams 
(25). The enzymatic method is based on the fact that L-glyceric 
acid together with lactic acid is the substrate for lactic dehydrogen- 
ase, and that D-glyceric acid together .with glycolic acid is the 
substrate of D-glyceric dehydrogenase (1 I). The reduction of NAD 
in the two assays would therefore depend solely on whether the 
glyceric acid from the patient has the D or L stereoisomer form. 
As shown in Figure 3 the glyceric acid excreted is the D form. This 
was further confirmed by spectropolariometry (Fig. 4). 

It is difficult to imagine a common enzyme block, that can 
explain the accumulation of both glycine and glyceric acid. It is 
therefore proposed that the glycine accumulation is secondary to 
the organic acidemia. This would correspond well with the current 
concept on the hyperglycinemia seen in the organic acidurias 
presenting with ketotic hyperglycinemia. The possibility that the 
D-glyceric acid accumulation could be secondary to the glycine 
accumulation, can be excluded, since no D-glyceric aciduria has 
been found in the previously described cases of hyperglycinemia. 

Therefore, our further investigations were centered on the cause 
of the D-glyceric acid accumulation. Several authors have defined 
D-glyceric acid as an intermediate in the interconversion between 
serine and glucose. Two pathways are operating here involving 
either phosphorylated or nonphosphorylated intermediates (Fig. 
6). The nonphosphorylated pathway includes 2-phosphoglyceric 
acid, D-glyceric acid, and hydroxypyruvic acid. The interconver- 
sion between 2-pbosphoglyceric acid and D-glyceric acid is cata- 
lyzed by two different enzymes, 2-phosphoglyceric phosphatase 
and D-glyceric kinase (12), whereas the D-glyceric acid-hydroxy- 
pyruvic acid interconversion is catalyzed by D-glyceric dehydro- 
genase. 

Several authors have studied the nonphosphorylated pathway, 

GLUCOSE 

: 
t 
3-P-GLYCERATE P-OH-PYRUVATE # P-SERINE 

1 ac 
SERINE GLYCINE 

1 3 
2-p-GLYCERATE a=! D-GLYCERATE Fi OH-PYRUVATE 

2 : 8 
: 

PYRUVATE 

t 
FRUCTOSE 

Fig. 6 .  Pathways between serine and carbohydrate intermediates. The 
upper pathway is the "phosphorylated" and the lower the "nonphos- 

~~ - 

phorylated" pathway. 1: 2-P-glycerate phosphatase; 2: D-glycerate kinase; 
3: D-glycerate dehydrogenase. 

and the evidence presented indicates that it can operate both as a 
glyconeogentic pathway and as a pathway for biosynthesis of 
serine (6, 13, 14, 24). 

Based on the lack of leukocyte D-glyceric dehydrogenase in 
patients with primary hyperoxaluria type 2, Williams et al. ex- 
plained the accumulation of L-glyceric acid by assuming that the 
pathway was operating from serine, through hydroxypyruvic acid 
to glyceric acid. The resulting accumulated hydroxypyruvic acid 
would in turn be converted to L-glyceric acid, catalyzed by lactic 
dehydrogenase. However, Williams was not able to demonstrate 
an accumulation of hydroxypyruvic acid in his patients. 

D-Glyceric acid may also be formed from fructose via D-glycer- 
aldehyde. Experiments with intraportal infusion of radioactively 
labeled fructose has lead to the conclusion that this pathway 
might be of major importance in the metabolism of fructose 
(20), and consequently may be the major source of D-glyceric 
acid. It is therefore reasonable to expect that a deficiency in 
either D-glyceric kinase or D-glyceric dehydrogenase could be the 
cause of the D-glyceric acid accumulation. The finding that the 
patient did not excrete significant amounts of hydroxypyruvic 
acid led us to investigate the D-glyceric dehydrogenase. 

In these experiments D-glyceric dehydrogenase activity was 
found in leukocytes from both the control children and from the 
patient, but the amount found in the patient's leukocytes was 
significantly smaller than the amount found in leukocytes from the 
control children. 

No inhibition of the D-glyceric dehydrogenase activity in 
leukocytes from a normal child was demonstrated when pooled 
with leukocyte homogenate from the patient. This documents that 
the diminished activity found in the patient's leukocytes is not 
caused by enzyme inhibition. It is therefore proposed that a 
deficiency of D-glyceric dehydrogenase causes the accumulation of 
D-glyceric acid. Why the same enzyme defect in primary hyperox- 
aluria type 2 results in an entirely different picture is unexplained 
at present time and must await further investigations. The 
hyperglycinemia in our patient is also unexplained, but studies on 
the glycine cleavage system are in progress in this laboratory and 
will be published later. 

S U M M A R Y  

Besides glycine, large amounts of another compound were found 
repeatedly in urine and serum from a 4-year-old boy who presented 
with nonketotic hyperglycinemia clinically. This compound was 
identified as D-glyceric acid by combined gas chromatography- 
mass spectrometry, substrate specificity studies and optical rota- 
tory dispersion curves. A deficiency of leukocyte D-glyceric 
dehydrogenase was demonstrated. 

0.5 1 2 3 MINUTES 

Fig. 5. D-Glyceric dehydrogenase in leukocytes. Formation of reduced 
adenine dinucleotide in nanomoles per lo7 leukocytes in the interval 
of 0.5-3 min after addition of D-glyceric acid for normal children 
(0-0) and for the patient (0-0). 
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Attempts to Induce Hepatic Uridine Diphosphate 
Glucuronyl Transferase in Genetically Deficient 
Gunn Rats by Grafting of Normal Liver Tissue* 

CORNELIS A.  J .  VAN HOUWELINGEN'lO' A N D  IRWIN M. ARIAS 

Liver Research Center, Albert Einstein College of Medicine, New York,  New York,  USA 

Extract 
Liver from normal Wistar rats was grafted into the liver of 

homozygous Gunn rats which are, deficient in U D P  glucuronyl 
transferase (UDPGT) (bilirubin) activity. After 3 months, UDPGT 
activity (bilirubin) remained absent in microsomal suspensions of 
liver from recipient rats and no bilirubin glucuronide was detected in 
their bile. 

Speculation 
We were unable to confirm previous reports suggesting that 

transplantation of segments of normal rat liver into Gunn rat liver 
resulted in amelioration of jaundice because of UDPGT activity in 
the recipient liver. 

Homozygous Gunn rats lack UDPGT activity with bilirubin as 
a substrate resulting in chronic nonhemolytic unconjugated hyper- 
bilirubinemia (I). UDPGT activity is not enhanced in Gunn rats 
after treatment with phenobarbital (3). 

Mukherjee and Krasner (7) transplanted small pieces of normal 
Wistar rat liver into the liver of Gunn rats and observed reduction 
in serum bilirubin concentations and virtually normal hepatic 
UDPGT activity (bilirubin) 3 months after the grafting procedure. 
Because these results have important implications for treatment of 
several human deficiency diseases, we repeated the experiment 
using similar animals and procedure. In addition, bile duct 
cannulation was performed in order to study the effect of liver 
grafting on the chemical nature of bile pigments. 
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