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Summary

A male child died at 7 months of age with progressive
neurologic deterioration and persistent metabolic acidosis. In-
vestigations during life showed this child to have elevated blood
pyruvate, lactate, and a-ketoglutarate as well as elevation of
branched chain amine acids and occasional hypoglycemia. Co-
factor therapy using either thiamine-HCl (2 g/kg/24 hr) or
thiamine tetrahydrofurfuryl disulfide had no measurable effect
on the clinical or biochemical status of the patient. Tissue taken
postmortem showed normal levels of key gluconcogenic en-
zymes but a deficiency in the activity of pyruvate dehydrogenase
in all tissues tested (liver, brain, kidney, skeletal muscle, and
heart). Examination of the individual activities of the pyruvate
dehydrogenase complex showed pyruvate decarboxylase (E,) to
be normal in liver and other tissues. Dihydrolipoy! dehydrogen-
ase (E;). on the other hand, was deficient in all tissues tested.
a-Ketoglutarate dehydrogenase complex, which depends on E,
for its total activity, was also deficient in all tissues tested. The
absence of this enzyme is discussed in relation to the clinical
and biochemical status of the patient.

Speculation

Congenital lactic acidosis due to a severe defect in the
pyruvate dehydrogenase complex for the first time has been
shown to be due to the absence of the E, enzyme of the
pyruvate dehydrogenase complex, dihydrolipoyl dehydrogenase.
The survival of this infant for 6 weeks of life without hospitali-
zation is suggestive of a reliance on glycolytic rather than
oxidative metabolism in the early neonatal period.

Oxidative decarboxylation is involved in the normal metabo-
lism of pyruvate. a-ketoglutarate. and the branched chain amino
acids (teucine. isoleucine. and valine). The oxidative decarbox-
viation of pyruvate is catalyzed by the so-called pyruvate dehy-
drogenase enzyme complex. This complex comprises at leasy
five distinct components. Three of these components in se-
quence catalvze the actual oxidative decarboxvlation of pyru-
vate. These are pyruvate decarboxyluse or By (EC. 4.1.1.1).
dihydrolipovl transacetvlase or Iy (EC. 2.3.1.12). and dihvdro-
lipoyl dehydrogenase or By (EC. 1.6.4.3). The total complex
comprises these components (F,. E,. ) in ratios which are
tissue specific. e.g.. bovine heart 30:60:12 and bovine kidney
20:60:12 (25). Furthermore. the E, component. an a8, subunit
tetramer. exists in an active and an inactive form. The intercon-
version of these is catalyzed by a further two subenzyme
components. The conversion of the dephosphoryvlated active
form to the phosphorylated inactive form is catalyzed by specific

Kinase (pyruvate decarboxvlase: ATP transphosphorylase) and
the reverse process is catalyzed by a specific phosphatase (Mg -
and Ca®-dependent pyruvate decarboxylase phosphate phos-
phatase) (16, 17, 34).

The enzyme complexes responsible for the oxidative decar-
boxylation of a-ketoglutarate and the branched chain ketoacids
are similar to that for pyruvate. However, a regulatory Kinase-
phosphatase system of the E, component has not vet been
identified.

The total pyruvate dehydrogenase complex comprises six
cnzyme protein components: the a and 8 units of . E,. Fy.
specific kinase, and specific phosphatase for E,. Thus. there are
six possible hereditary deficiencies. At least cight confirmed
cases of E, deficiencey have been described (3-5. 100 11, 30).
Presumptive but unproven diagnoses of E, (7) and E, (13)
deficiency have been described. We have previously described a
case of the specific phosphatase deficieney (23). A specific
kinase deficiency remains undescribed.

With specific clinical. biochemical and tissue enzyme data.
we o present o ocase in o which we confirmed the diagnosis of
deficieney of the Ey component in both pyruvate and a-ketoglu-
tarate dehvdrogenase complexes. ie.. dihyvdrolipoyl dehvdro-
genase deticiencey.

CASE REPORT

The proband was the first born of consanguincous Caucasian
first cousins. The 20-vear-old mother entered spontancous labor
and delivery at term after an uneventtul pregnancy. The 3.1-kg
male infant ¢ried immediately after birth but had a congenital
laryngeal inspiratory stridor. He developed normally and at 6
weeks of age weighed 4.8 kg However, at the age of 8 weeks
he became acutely sick over a period of 12 hr. At presentation
he was pale and mottled in appearance. He exhibited irregular
labored respirations with marked inspiratory stridor. He was
lethargic and floppy: yet at times became extremely irritable
and tense. He had a constant glassy stare. He made purposeless
limb movements.

Physical examination revealed an afebrile. well hydrated child
with a weight of 4.8 kg, height 56 ¢m. and head circumference
39 ¢m. His pulse rate was 100/min, blood pressure 100 mm Hg
(systolic). Auscultation revealed no heart murmurs and clear
lung fields. His Tiver was not enlarged. His muscle tone was
increased with symmetrical brisk deep tendon reflexes. His gag
reflex was present. He did not follow a light source and
fundoscopy revealed bilateral optic atrophy. He did not have
nystagmus. His anterior fontanclle was open (1.5 < 1.5 ¢m).
and he was normotensive.

Initial investigation revealed @ metabolic acidosis with ele-

~

vated anion gap (pH 7.22: pCO, 33: bicarbonate 13 sodium
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140: potassium 4.0 chloride 109). Cerebrospinal fluid was
clear and sterile. as was a blood culture. Hemogram was normal.

Further investigations revealed o persistent elevation of blood
pyruvate (0.240-0.370 mM (normal - 0.2 mM)). lactate (2.60-
8.7 mM (normal - 2.0 mM)). «-ketoglutarate (0.103-0.147
mM (normal - 0.054 mM)). leucine (0.1 180,343 mM (normal

0.098 mM)). isoleucine (0.060-0.189 mM (normal - 0.047
mM)). and valine (0.324 mM (normal -~ 0.199 mM)). Citrate
was not elevated (<201 mM). During the months he was fol-
lowed. the blood Tactate levels showed wide fluctuations but
were persistently above the normal range.

Occasional random plasma samples exhibited low blood glu-
cose values (35-42 mg/100 ml). He underwent calorice depriva-
tion for 8 hr on two occasions. Only on one occasion did he
develop hypoglyeemia (32 mg/100 ml). A glycemic response
was observed with 1 g/kg oral L-alanine (37 mg/ 100 ml after 45
min).

Therapy was attempted with prolonged courses of thiamine
{hydrochloride derivative 1 g/day for 4 weeks and the tetrahy-
drofurfural disulfide derivative 300 mg/day for 6 weeks). Nei-
ther a biochemical nor a clinical improvement was observed
(Fig. 1). This was also the case with glutamine supplement (1.5
g/dav for 6 weeks) or a high fat diet (120 cal/kg/day. S0 as
corn oml).

His neurologic dystfunction was progressive and unremitting.
He died after pulmonary aspiration at the age of 7 months at
which time his weight was 5.3 kg An autopsy was performed
within 1 hr of death. Tissue samples of liver. muscle. Kidney.
and brain were obtained and immediately snap frozen in liquid
nitrogen and then stored at =707 for fater enzymatic analysis.

The major findings at autopsy were in the brain. Mycelin loss
and cavitation were found in discrete arcas of the basal ganglia.
thalami. and brain stem. The cerebral cortices appeared to be
free of pathology.

MATERIALS AND METHODS

Lactate (14), pyruvate (6). S-hvdroxybutyrate (33). citrate
(29). and «-ketoglutarate (2) were measured in whole blood
samples extracted i1 with 0.6 N perchloric acid by enzyme
spectrophotometric methods. Free fatty acids were measured in
plasma by the method of Laurrell and Tibbling (13).

Liver, brain, kidney. and cardiac and skeletal muscle were
obtained 30 min postmortem at autopsy after informed parental
consent. The tissues were frozen in liquid nitrogen and stored
at = 100° until used for determinations. Control tissues were
obtained at autopsy with informed parental consent within 2 hr
of death from seven children below the age of [ oyear were
frozen in liquid Ny and kept at = 1007 until used for determina-
tions. Of these. four died after a chronic clinical course of
debility and malnourishment secondary to congenital heart
discase. The other three died acutely of undetermined causes.
All determinations were done within 1 vear of obtaining the
tissues and no deterioration in enzyme activities has been
observed on repeated testing during the period of storage. For
enzyme determinations, small picees of tissue were thawed.
homogenized in 1O volumes ice-cold 0.25 M osucrose. SmM
Tris-HCT butter. pH 7.4, and centrifuged at 600 x ¢ for 10 min
to remove cell debris. Glucose-6-phosphatase was measured by
the method of Swanson (30), fructose-1.6-diphosphatase by the
method of Pontremoli (20). phosphocenolpyruvate carboxyki-
nase by the method of Roobol and Alleyne (26). and pyruvate
carboxylase by the method of Crabtree et al. (8).

Pyruvate dehydrogenase was mcasured by the modified
method of Tavlor ¢ al. (33) as deseribed by Robinson and
Sherwood (23). Pyruvate decarboxylase was measured by a
modification of the method of Reed and Willms (22) as de-
scribed by Blass er al. (4). Dihvdrolipoyl dehvdrogenase was
measured by the method of Reed and Willms (21). modified in
the following manncer. Tissue was homogenized in 15 volumes
ice-cold 0.01 M phosphate butter. pH 7.0, and 30-ul aliguots
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of this were added to identical cuvettes containing 1 ml 015 M
phosphate buffer. pH 8.1.0.2 mM NADH at 377 The decrease
in absorbance was measured at 340 nmein a split beam spectro-
photometer (Pye Unicam SP800) on addition of 2.5 mM
lipoamide to the test cuvette.

a-Ketoglutarate dehyvdrogenase was measured by a modifica-
tion of the pyruvate dehydrogenase method described by Taylor
ef al. (33). Small picces of tissue (100 mg) were thawed and
homogenized in 10 volumes ice-cold butfer containing 10 mM
potassium phosphate. I mM EDTA . T mM dithiothreitol. 14
fatty acid-free bovine serum albumin, pH 7 4. Aliguots of 0.1
ml were then added to the main chamber of 10-ml Erlenmeyer
flasks containing 1 ml assay butfer (11 mM potassium phos-
phate. 1.1 mM EDTAL 12.8 mM MgCl. 10 mM CaCl,. 1.6%
bovine serum albumin (fat free). 1.2 mM dithiothreitol. 0.3
mM a-ketoglutarate labeled with 0.12 pCi o 1-"'Clketoglutar-
ate/ml at pH 7.4 and 37°). The reaction was stopped after 2 min
by the injection of T ml 0.08 M citric acid and incubation was
continued for 30 min so that the "CO, cevolved could be
collected on hvamine-soaked filter paper inserts held in plastic
cups attached to the rubber flask stopper. After this time. the
filter strips were removed with forceps and placed in 160 ml
toluene-cthanol (9:1 v/v) seintillation fluid. and the "' activity
was measured inoa liquid scintillation spectrometer. Citrate
synthase was measured by the method of Shepherd and Garland
(2¥).

RESULTS

BIOCHEMICAL INVESTIGATION DURING PATIENT'S LIFE

The biochemical observations of raised lactate. pyruvate. «-
ketoglutarate. and branched chain amino acids, made shortly
atter admission. were highly suggestive of o lesion involving
some aspect of oxidative  decarboxylation. For this reason.
initial treatment was carricd out by oral administration of
thiamine hvdrochloride. 1 gzday for a period of I month. This
seemed to have little therapeutic effeet. judged either on clinical
or a biochemical basis, there being a constantly clevated lactate
with an almost daily variation which was not lowered during
thiamine treatment (Fig. 1), Fearing malabsorption ot the
administered  thiamine. the vehicle for administration was
changed to the more readily absorbed tetrahydroturfural disul-
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Fig. 1. Variations in blood lactate in the patient over a 4-month
period during which different forms of therapy were attempted as
deseribed in the text. Th.HCL: thiamine hydrochlonide. 1 g/day: TTFD
thiamine tetrahydrofurtural disulfide, 500 mg/day: Glu™ glutamine,
1.5 g/day: high fat diet: high fat diet, 120 cal/kg/day, 8077 as corn oil.
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fide (TTFD) (18, 19). S00 mg/day for 6 weeks. This again had
little effect on the discase process. Oral glutamine 1-2 g/day for
2 months also had no observable clinical effect.

The tendency towards low blood glucose that was evident
even when the infant was receiving intravenous glucose (5 mg/
kg/min) was investigated by institution of a fast lasting 8 hours.
During this time. the blood glucose fell to 33 mg/100 ml with
no change in the blood lactate concentration. Alanine adminis-
tered at this point clicited a rise in blood glucose concentration
to 37 mg/100 ml over a 45-min period after which the test was
terminated. Administration of a low carbohvdrate high fat dict
for a period of 4 weeks did not bring about any clinical or
biochemical improvement.

POSTMORTEM INVESTIGATIONS

As moderate hypoglycemia was a feature of this patient.
together with lactic acidosis. measurement of the key enzymes
of gluconcogenesis was undertaken in liver. The activities of
phosphocnolpyruvate carboxykinase. pyruvate carboxylase. and
fructose-1.6-diphosphatase were all in the normal range.
whereas glucose-6-phosphatase was slightly below normal but
not low c¢nough to be considered as type 1 glycogen storage
discase (Table 1).

Total pyruvate dehydrogenase. measured after preincubation
with Ca”" to convert the enzyme to the active form. showed
markedly reduced activity in the patient in every tissue tested
compared to controls. giving only 10-209 of normal activity
depending on the individual tissuce. The most activity was
obtained in cardiac muscle. where the pyruvate dehydrogenase
activity is at its highest (Table 2). a-Ketoglutarate dehydrogen-
ase activity was found to be deficient in activity in all tissues,
the values obtained again being only a small percentage of
those observed in control tissue (Table 3). The deficient activi-
tics seen in the proband were thought to be unlikely to be due
to the patient’s chronic debilitated condition. since control
tissues from patients with a similar clinical course showed
normal activitics. On the other hand. citrate synthase activity
was normal in those tissues tested (Table 4). In order to
examine the activity of the pyruvate dehyvdrogenase complex
further. the activities ol the subcomponents were measured
in tissues from the patient and control subjects (Table 5). Pyru-
vate decarboxylase appeared to be normal in liver. heart.
Kidney, brain. and skeletal muscte. On the other hand. dibvdro-
lipoyl dehydrogenase was deficient in the patient in every tissue,
having between S and 107 normal activity. We were not able
to measure the activity of dihydrolipoyl transacctylase in these
tissues.

DISCUSSION

OBSERVATIONS DURING 1IFL:

The consanguinity of the parents was an immediate index of
suspicion for inherited metabolic discase. The raised pyruvate.
lactate. a-ketoglutarate. and branch chain amino acid concen-
tration observed in this child suggested some problems. cither

Table 1. Achivities of gluconcogenic enzymes in liver
(micromoles per min per g liver)!

Control subject

Patient

(EK) Mecan Range No.
G6Pase 1.01 2.55 £ 052 (1.19-4.80) 7
Fl6Dpase 1.03 1.40 = 0.34 (0.72-3.20) 7
PEPCK 1.90 1 .89 = 045 (0.69-3.23) 7
Pyruvate carboxyl- 1.57 091 = 0.16 (0.61-1.66) 7

ase
Y GOPase: glucose-6-phosphatase; FloDpase:  fructose-1.6-diphos-
phatase: PEPCK: phosphoenolpyruvate carboxvkinase.

ROBINSON. TAYLOR, AND SHERWOOD

Table 2. Total Ca' '-stimulated pyruvate dehydrogenase
(nanomoles per min per g tissue)
Patient (£K)
Liver 107 715
790
800
705
6YK
1084
801

Control subjects

1889
1350
1045
1340
1421

ty
N

Skeletal muscle |

Brain 17 S78
780
554
606

118 8
1111
917

Kidney

Heart 733 3372

2599

Table 3. «-Ketoglutarate dehivdrogenase activity (nanomoles per
min per g)

Patient (EK)

15.6 187

211

Control subjects

Brain

1325
1558
775
841

Liver 8.0

Muscle 39 635
859
1180

1373
2476
2208
2781

Kidnev 65

360 3538

28558

Heart

with thiamine as the common denominator or with the oxidative
decarboxylases involved in a-ketoacid decarboxylation. On the
other hand. there was the presence of moderate hypoglyeemia,
which might suggest a problem in the gluconcogenic pathway
with lactate accumulation occurring as a result of impaired
functioning of the Cori cyele. Leigh's subacute necrotizing
cneephalomyclopathy has been reported as having a distinct
neuropathology and nonspecific manifestations including devel-
opmental delay, weight loss. weakness, and lactic acidosis in
the carly years of life. The pathologic findings are symmetrical
punctate arcas of myclin loss and capillary proliferation in the
brain and basal ganglia (18, 32, 36). In some cases there is
associated hypoglycemia and documented pyruvate carboxylase
deficteney (12). and these cases appear to respond well to
glutamine administration (32). Administration of thiamine or
thiumine precursors in large doses is successful in some cases,



DIHYDROLIPOYL. DEHYDROGENASE DEFICIENCY

Table 4. Citrate synthase activity (micromoles per g per min)

Patient Control subjects

Liver 2.88 08
K5
69
81
8.62
9.07

[SURRPVIN SO 8

847
4.17
6.94
1.84
4.47

Brain 2.86

*h

12

70
sS4

Kidney 5.76

= n

Table 5. Activities of pyruvate dehydrogenase components!

£, nmol/min/g Iy, wmol/min/g

Patient Patient

(LK) Controls (EK) Controls
Liver 2.28 1.17 0.260 7.41
6.4 14.49
4.54 13.20
.44 2.10
4.50 7.98
6.21
4.71
Kidney 3.61 381 0.117 9.08
4.75 585
4.62 10.50
4.95 2.62
2.73
Brain 3.75 5.71 0.080 275
2.04 3.83
4.74 2.48
5.10
Skeletal muscle 4.36 3.34 0.080 2.64
2.69 2.75
3.48 1.74
2.79 4.79
Hcart 719 14.78 0.353 33.6
7.80 3.09
9.62 547

1k pyruvate decarboxylase: Ey: dihydrolipoyl dehydrogenase.

since in Leigh's discase it has been postulated that thiamine
pyrophosphate phosphorylation is defective in the brain and
that it is defective synthesis of thiamine triphosphate which is
responsible for this discase (19).

The fact that we were not able to clicit any improvement in
the patient’s condition cither with thiamine hydrochloride. thia-
mine derivatives (TTED). or glutamine is highly suggestive that
the lesion involved was neither a defect in thiamine metabolism
nor in pyruvate carboxylase activity. However. the possibility of
a pyruvate dehydrogenase defect as deseribed by Cederbaum et
al. (7) encouraged us to attempt therapy with a high faylow
carbohydrate dict since a greater reliance on oxidative energy
derived from fat should fower the dependence on glycolysis and
pyvruvate oxidation. therefore lessening the rate of lactate pro-
duction. This did not appear to be successtul.
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POSTMORTEM STUDIES

The finding of normal activities of the key gluconcogenic
enzymes in the liver of the patient contirmed our suspicion that
a primary block did not exist in the gluconeogenic pathway. A
primary block, however. was apparent in both pyruvate and -
ketoglutarate dehydrogenases. This coupling of two enzyme
deficiencies has been described before by Haworth ef al. (13).
Although they were not able to document this. they proposed
that a deficiency existed in the B, component of pyruvate
dehydrogenase. the dihvdrolipoyl dehydrogenase. Since this
enzyme has been shown. at least in one animal species. to be a
common component for both pyruvate and «-ketoglutarate
dehyvdrogenase complexes (27). its absence would cause a
double deficieney of the type we have tound in this child. We
found a deficicncy of E; in every tissue tested. compared with
control tissues. The fact that neither pyruvate decarboxylase.
the 15, component. nor citrate synthase was deficient cmphasized
that we were not dealing with any gencralized mitochondrial
cenzyme deficiency.

The major problem that comes to mind in the case of a
severe deficiency such as this is how can a child survive for 8
weeks. apparently well, without requiring hospitalization. The
two sibs deseribed by Haworth survived 4 and 11 weeks,
respectively. without causing enough concern for the parents to
seck medical attention. If there is a deficiency in cither of the
b, or Ey enzymes of the pyruvate dehydrogenase complex. the
resulting pyruvate dehydrogenase defect compromises only the
glyeolytic source of acetyl-CoA units for the Krebs cyele. and
alternative sources of acetyl-CoA may be generated by fatty
acid oxidation in most tissues with the exeeption of the brain.
The brain must seek alternative fuel for oxidative metabolism
in the form of cither ketone bodies or branched chain amino
acids. Thus, it is conceivable that with carcful management a
child with such a deficiency might survive for some years. albeit
neurologically compromised. With a deficiency involving F.
and thercfore both pyruvate and a-ketoglutarate dehydrogen-
ases (and perhaps the branched chain ketoacid dehydrogenase).
not only the input of acetyl-CoA units derived from pyruvate is
affected but also the actual tunctioning of the Krebs cyele. so
that no substrate can provide a steady source of reducing power
for oxidative phosphorylation. The ability of these children with
I, deficiencies to exist through the first few wecks of life
without medical treatment can be explained only by postulating
that the newborn infant is highly dependent on glyeolysis as a
source of high energy phosphate and gets into trouble only when
the slow transition to a more oxidative mode of metabolism
cannot be achieved. The low levels of pyruvate dehydrogenase
which Cremer and Teal (9) observed jn the brains of newborn
rats and which we (24) observed in several tissues of newborn
rhesus monkeys underline the credibility of this hypothesis.

REFERENCES AND NOTES

1. Barrera, C. R.. Namihira. G.. Hamilton. L., Munk. P.. Elery. M. H.. Linn,
T. C.. and Reed. 1. Jo a-Keto acid dehydrogenase complexes. XV
Studies on the subunit structure of the pyruvate dehydrogenase complexes
from bovine kidney and heart. Arch. Biochem. Biophys | 748 343 ( 1972y

2. Bergmever. H. U, and Bernt. E.: a-Oxoglutarate. In: H. U. Bergmeyer:
Methods in Enzymatic Analysis. pp. 324-327 (Academic Press. New York,
1965).

3. Blass. J. P Avigan. J.. and Uhlendorf. B W A defect in pyruvate
decarboxylase in a child with an intermittent movement disorder. J. Chn.
Invest., 49: 423 (1970).

4. Blass. J. P.. Kark. R. A P, and Engel. W. K.: Clinical studies of a patient

with pyruvate decarboxy lase deficiency. Arch. Neurol. 25 449 (1971).
C Blass. J. P.. Lonsdale. D.. Ublendort. B. W.. and Ham. L. Intermittent
ataxia with pyruvate decarboxylase deficiency. Lancet, i 1302 (1971).

6. Bucher. T.. Czok. R.. Lamprecht, W., and Latzko, E.0 Pyruvate. In: H. UL
Bergmeyer: Methods in Enzymatic Analysis, pp. 253-259 (Academic
Press. New York, 1965).

7. Cederbaum. C. Do, Blass, J. P_. Minkoff. N.. Brown, W. ). Cotton, M. E.
and Harris, S, H.: Sensitivity to carbohydrate i a patent with familial
intermittent Lictic acidosis and pyruvate dehydrogenase deficiency. Pediat.
Res.. 10: 713 (1976).

¥, Crabtree, B.. Higgins. S..and Newsholme, b A

"

I'he activities of pyruvate



1202

carboxylase, phosphoenolpyruvate carboxylase and fructose-1.6-diphospha-
tase in muscles from vertebrates and invertebrates. Biochem. J.. 130: 39]
(1972).

Y. Cremer, J. E. and Teal. Ho M. Development of pyruvate dehydrogenase in
rat brain, FEBS Lett., 39: 17 (1974).

10 Farmer. T. W.. Veath, .. Miller. AL L., O'Brien. J. S.. and Rosenberg, R,
M.. Pyruvate decarboxylase deficiency in a patient with subacute necrotising
encephalomycelopathy. Neurology, 23: 429 (1973).

L1 Farrel, DL Fo Clarke A FoScott, € RLand Wennberg, R P Absent
pyruvate decarboxylase in man: A cause of congenital lacticacidosis.
Science, /87: TOR2 (1975).

12, Grover. W. D Aurbach, V. H.. and Patel. M. S.; Biochemical studics and
therapy in subacute necrotising encephalopathy. J. Pediat.. 39 39 (1972).

13, Haworth, J. C.o Perry. T. L., Blass. I. P Hansen, G.. and Urquhart. N
Lacticacidosis in three sibs due to defeets in both pyruvate dehydrogenase
and a-ketoglutarate dehydrogenase complexes. Pediatrics, 58: 364 (1976).

14. Hohorst, H. J.: L(+)Lactate. In: H. U. Bergmeyer: Methods of Enzymatic
Anilysis. pp. 266-275 (Academic Press. New York, 1965).

IS, Laurrell. S0 and Tibbling, G.: Colourimetric microdetermination of free
fatty acids in plasma. Clin. Chim. Acta, /6: 57 (1967).

16. Linn. T. C.. Pettit. F. H.. Hucho. F.. and Reed. L. J.: a-Ketoacid dehydro-
genase complexes. X1 Comparative studies of regulatory properties of the
pyruvate dehydrogenase complexes from Kidney. heart, and liver mitochon-
dria. Proc. Nat. Acad. Sci. U S, AL 64 227 (196Y).

17. Linn. T. C.. Pelley. J. W, Pettit. ¥. H.. Hucho, F.. Randall. D. D.. and
Reed. L. ). a-Keto acid dehydrogenase complexes. XV Purification and
properties of the component enzymes of the pyruvate dehvdrogenase
complexes from bovine Kidney and heart. Arch. Biochem. Biophys.. /44:
327 (1972).

18, Murphy. J. V@ Efficiency of recommended therapeutic regimens in Leigh's
disease. Develop. Med. Child. Neurol.. 16: 362 (1974).

19. Pincus. H. J.. Ttokawa, Y., and Cooper. J. R Enzyme-inhibiting factor in
subacute necrotising encephalopathy . Neurology. 19: 841 (1969).

20. Pontremoli. S.: Fructose-1.6-diphosphatase. Methods  Enzvmol.. 9:
(1966).

21, Reed. 1. J.. and Willms, C. R.: Purification and resolution of the pyruvate
dehydrogenase complex (Escherichia colf). Methods Enzymol.. 9; 247
(1966).

22. Reed. L. 3. and Willms, C. R.: Pyruvate decarboxylase. Methods Enzymol..
Q: 238 (1966).

23. Robinson. B. H.. and Sherwood. W G.: Pyruvate dehydrogenase phospha-
tase deficiency: A cause of congenital chronic lactic acidosis in infancy.
Pediat. Res.. 9: 935 (1975).

24. Robinson, B. H.. and Sherwood. W. G.: Development of pyruvate dehydro-

625

Copyright ¢ 1977 International Pediatric Rescarch Foundation. Inc.

Pediat. Res. 717: 1202-1207 (1977)

NERURKAR. ZELIGS. AND BELLANTI

genase in the tissues of the rhesus monkey (Macaca muldatia). (In prepara-
tion.)

- Roche. T. E.. and Reed. L. ). Function of the nonidentical subunits of
mammalian pyruvate dehydrogenase. Biochem. Biophys. Res. Commun..
48 840 (1972).

26. Roobol, AL and Alleyne. G AL O.: Regulation of renal gluconcogencesis by
caleium sons, hormones. and adenosine cyelic 3'-5'-monophosphate. Bio-
chem. J. 134 157 (1973),

27. Sakurii. Y.. Fukuyoshi, Yoo Hamada, M. Havakawa, 1., and Koike. M.
Mammalian alpha-ketodehydrogenase complexes. VI Nature of the muli-
ple forms of pig heart lipoamide-hydrogenases. ). Biol. Chem.. 245 4453
(1976).

28. Shepherd. D.oand Garland, P, B.: Citrate synthase from rat liver. Methods.
Enzymol. /32 11 (1969),

29. Siebert, G.: Citrate and Isocitrate. In: H. U. Bergmeyer: Methods in
Enzymatic Analysis. pp. 318-323 (Academic Press, New York, 1965).

30, Swanson. M.: Glucose-6-phosphatase from liver. Methods. Enzymol., 2: 541
(1955).

31 Stromme, J. H.o Bonid. O.. and Moc. P T Fatal lactic acidosis in a
newborn attributable 1o a congenital defeet of pyruvate dehydrogenase.
Pediat. Res.. 10: 62 (1976).

320 Tang. T. T.. Good, T. A, Dyke. P. R Johnson, G. P, McReadie. S. R..
Sy. T.. Lardy, H. A.. and Rudolph, S. B.: Pathogenesis of Leigh's
encephalopathy. 1. Pediat.. 87 189 (1973).

33, Taylor. S. L., Mukherjee. C.. and Jungas. R. 1. Studies on the mechanism
of activation of adipose tissue pyruvate dehydrogenase by insulin. J. Biol.
Chem. 248 73 (1973).

3. Wicland. O. H.. Siess. AL Weiss, L Loffler, G, Patzelt, C.. Portenhau-
ser. R.. Hartmann, J.. and Schirmann, A.: Regulation of the mammalian
pyruvate dehydrogenase complex by covalent modification. Symp. Soc.
Exp. Biol. 27: 381 (1973).

35, Williamson, D. H.. and Mellanby. J.: (- )-B-Hydroxybutyrate in: H. U.
Bergmeyer: Mcethods in Enzymatic Analysis. pp. 439-461 (Academic
Press. New York, 1965).

36. Worsley. H. E.. Brookficld. R. W Elwood. ). S.. Noble, R. L., and Taylor,
W. H.: Lacticacidosis with necrotising encephalopathy in two sibs. Arch.
Dis. Childhood. 40: 492 (1965).

37. This research was supported by the Medical Rescarch Council of Canada
(Grant MRC MA-5473) and by the Weston Foundation.,

38, Requests for reprints should be addressed to: B, H. Robinson, M.D..
Department of Pacdiatries, University of Toronto. The Hospital for Sick
Children, Toronto. Ontario (Canada).

39, Received for publication January 10, 1977,

40, Accepted for publication March 28, 1977,

[
n

Printed in U.S.A.

oxidative enzymes
phospholipids

Alveolar macrophage
lysosomal enzymes
lysosomes

Maturation of the Rabbit Alveolar Macrophage during Animal
Development. II. Biochemical and Enzymatic
Studies

LATA SO NERURKAR!™ BARBARA J. ZELIGS. AND JOSEPH A. BELLANTI

Departments of Pediatrics, Microbiology, and the Center for Interdisciplinary Studies of Immunology at
Georgetown, Georgetown University School of Medicine, Washington, D .C., USA

Summary

Alveolar macrophages (AMs) obtained from 1-day-old rabbits
showed high levels of phospholipid, protein, DNA, and RNA
compared to those obtained from 7-day-old, 28-day-old, or
adult rabbits. The surfactant material released in alveoli during
the perinatal period is extensively phagocytosed by AMs, and
appears to be primarily responsible for high phospholipid con-
tent of these cells. The high protein, DNA, and RNA levels of
AMs may result from phagocytosis of cellular debris.

Of the six lysosomal enzymes of AMs studied, acid phospha-
tase (AP) and lysozyme activities showed a decline in the first
postnatal week. In AP this was followed by no significant
change. A steady rise in lysozyme activity after the seventh
postnatal day was observed. The activities of cathepsin D and
DNase did not show significant changes, whereas B-glucuron-
idase and RNase activities of AMs increased significantly
within the first postnatal week.

The activities of glucose-6-phosphate dehydrogenase (G-6-
PD), 6-phosphogluconate dehydrogenase (6-PGD), lactate de-
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