bation period labeled amino acids are
incorporated into hormone, neurophy-
sin, and many other cellular proteins
and polypeptides (2, 4). A two- to four-
fold stimulation of vasopressin and
neurophysin labeling was observed
when the adult HNC cultures were
labeled in the presence of 45-day-old
fetal HNC tissues. Apparently unaf-
fected was the labeling of acid-soluble
(pH 1.0) and -insoluble proteins and
the free amino acid pool of the adult
cultures, as well as vasopressin and
neurophysin of the fetal HNC tissues.

The possibility that the fetal HNC
was releasing into the medium some
factor that stimulates vasopressin and
neurophysin biosynthesis in the adult
tissue was examined in a number of
ways., Adult guinea pig HNC cultured
in media that had been conditioned by
prior incubation with fetal HNC tis-
sues for 12 to 24 hours also showed
an apparent specific two- to fourfold
stimulation of labeling of vasopressin
and neurophysin in adult cultures (that
is, incorporation of 3H-labeled amino
acids into other measured protein frac-
tions was not affected significantly).
Furthermore, labeled hormone is not
found in significant quantities in either
control or stimulated labeling media.
In these experiments, a clear concen-
tration-response  relation, however,
could not be demonstrated since serial
dilutions of conditioned media were
equally effective until a critical dilution
is reached beyond which the stimula-
tory effect is no longer observed. The
fetal factor that influences vasopressin
metabolism in adult HNC cultures can
be demonstrated only during a limited
period of gestation. Medium condi-
tioned with the HNC explanted from
fetuses 33 days old shows no stimula-
tory effect, nor does medium condi-
tioned with tissue from 56-day-old
fetuses (bars in Fig. 1). Thus, the
factor appears to be specific for the
period during which the neurosecretory
neurons undergo their most rapid phase
of vasopressin and neurophysin biosyn-
thesis and storage. Further specificity
of the factor is demonstrated by the
fact that among media conditioned by
either fetal HNC, liver, or cerebral
cortex (all from fetuses of 45 days
gestation), or adult HNC, only the first
stimulates incorporation of 3H-labgled
amino acids into vasopressin (Fig. 2).

Further evidence for the presence of
a “stimulatory factor” contained within
the fetal HNC was obtained by prepar-
ing extracts of such fetal tissues. Fresh-
ly excised HNC tissues (42 to 47 days
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of gestation) were homogenized in ice-
cold, phosphate-buffered saline and cen-
trifuged at 100,000g for 2 hours. Addi-
tion of this soluble fetal HNC extract
to the standard labeling medium again
led to a two- to fourfold stimulation in
the incorporation of radioactive amino
acids into vasopressin of the adult HNC
organ cultures. Again, this stimulation
occurs in the absence of significant
changes in the incorporation of labeled
amino acids into total protein; similar
extracts prepared from fetal liver and
cortex had no effect. The complexity of
the assay for the stimulatory factor
(isolation of isotopically pure, labeled
vasopressin or neurophysin, or both)
has made its physical and biological
characterization difficult. Our initial
fractionation studies indicate that the
factor is excluded from Sephadex G-25,
but included in Sephadex G-75, sug-
gesting a molecular weight in the 5,000
to 70,000 range, or alternatively that
it is associated with other molecules in
this range. Further preliminary studies
suggest that the factor is sensitive to
the action of trypsin and is thus poly-
peptide in nature.

The existence of a factor specifically
in the fetal hypothalamus, which stimu-
lates synthesis of vasopressin in adult
HNC organ cultures, may provide a
useful tool for further elucidation of
mechanisms involved in the neurosecre-
tory process. The fact that the factor is
present only in the gestation period

during which the vasopressin neuro-
secretory system is rapidly developing
adds to its interest and may have im-
portant implications in the develop-
mental process.
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Absence of Pyruvate Decarboxylase Activity in Man:

A Cause of Congenital Lactic Acidosis

Abstract. A complete deficiency in the pyruvate dehydrogenase system activity
contributed to the death of a 6-month-old infant with congenital lactic acidosis.
The enzymatic block could be isolated to the first component, pyruvate decar-
boxylase (E,) of the pyruvate dehydrogenase complex. This enzymatic deficiency
allowed a demonstration of an “‘intercomplex” exchange of the components of the
mammalian pyruvate dehydrogenase system and indicated that the first component

is normally present in an apparent excess.

The clinical syndrome congenital
lactic acidosis is not a single disease
entity but rather may be caused by a
variety of genetically determined en-
zyme deficiencies including pyruvate
carboxylase (E.C. 6.4.1.1) (I, 2), fruc-
tose-1,6-diphosphatase (hexose diphos-
phatase E.C.3.1.3.11) (3), and pyru-
vate dehydrogenase (lipoate) (E.C.
1.24.1).

Pyruvate dehydrogenase (PDH) is a
multienzyme system that can be purified
and separated into at least three separate
components and then reconstituted

from the individual components (4, 5).
The three enzymes comprising the PDH
complex are pyruvate decarboxylase
(E;) (E.C.4.1.1.1), dihydrolipoyl
transacetylase (E,) (E.C.2.3.1.12),
and dihydrolipoyl dehydrogenase (Ej)
(E.C. 1.6.4.3); they exist in a molecu-
lar ratio of 12:1:6 (4). Pyruvate
decarboxylase in vivo exists in an
active and inactive form (6, 7). The
conversion from the active to the in-
active form is catalyzed by the kinase,
pyruvate decarboxylase: ATP transphos-
phorylase, with the conversion from
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the inactive to the active form being
catalyzed by a magnesium dependent
phosphatase, pyruvate decarboxylase
phosphate phosphatase. The intercon-
version is reversible and is believed to
be controlled by the metabolic state of
the animal through cyclic adenosine
monophosphate (6, 7). Because of
its central role in carbohydrate me-
tabolism, a deficiency in PDH activ-
ity in man, resulting from a genetic
mutation, would cause varying degrees
of metabolic abnormalities including
elevated concentrations of pyruvate, lac-
tate, and alanine in the serum, and
varying degrees of associated physical
abnormalities. A partial deficiency of
pyruvate metabolism caused by a de-
ficiency of E, activity (~ 15 to 20 per-
cent of normal) has been reported in
an 8-year-old child who had intermit-
tent attacks of ataxia during times of
febrile illnesses or other stress (8, 9).
A more seriously affected patient was
a 3-year-old child with diffuse neuro-
logic involvement including micro-
cephaly, blindness, motor disturbances,
and mental retardation. Although this
child had a greatly reduced total PDH
system activity (=~ 15 to 30 percent of
normal), her E, activity was within
normal limits, an indication of a de-
ficiency in some other aspect of the
complex, presumably either E, or Eg
activity (/0).

Our study was made on an infant
who was born after 35 weeks of gesta-
tion and weighed 1.32 kg at birth. He
showed rapid respirations and several
abnormal neurological signs during the
first days of life. His blood pH was
7.32 with a partial pressure of CO, of
10 mm-Hg and bicarbonate of 6 meq/
liter. The' plasma pyruvate was 0.65
mM (the normal being 0.03 to 0.1 mM).
He was considered to have congenital
lactic acidosis and died at 6 months of
age after a progressively downward
clinical course.

The clinical course, which included
serum lactic acid concentration correc-
tion by dietary manipulations, sug-
gested impairment of carbohydrate
metabolism at the level of the PDH
complex. Liver and brain tissues were
obtained at autopsy, stored frozen at
—70°C, and later used in analysis of
enzyme activity. In whole homogenates
of these tissues, there was no measura-
ble PDH complex activity or E,; activ-
ity (Table 1). However, E, and E,
activity in liver and brain homogenates
were within normal limits.

A series of mixing experiments de-
signed to eliminate the possibility of an

21 MARCH 1975

Activity (ymole/hour
per mg orotein)

Pa- Diag-
tient nosis PDH
complex E,
Liver
1 5 months SID 0.139 2.04 x 10-°
2 2 months SID 0.143 1.83 x 10-3
3 3 months SID 0.126 1.31 x 10-®
4 6 months
propositus < 0.005 <0.01 x 10-*
Brain
1 6 years AE 0.08 329 X 10-°
2 4 years MLD 0.11 6.03 X 10-®
3 16 years BD 0.11 3.54 x 10~
4 6 months
propositus <0.005 <0.01 x 10

Table 1. Pyruvate dehydrogenase complex and
pyruvate decarboxylase activity in liver and
brain homogenates. The PDH complex was
assayed by a modification of a previously
described method (/7). The incubation mix-
ture (1 ml) contained 48 mM phosphate buf-
fer, pH 7.3, 9 mM dithiothreitol, 6 mM NAD*,
2 mM thiamine pyrophosphate, 0.1 mM co-
enzyme A, 2 mM [I-*Clpyruvate, 125 ug of
lactate dehydrogenase, 5 ug of phosphotrans-
acetylase, and liver or brain homogenates in
amounts that yielded linear reaction rates over
the assay period. Incubation was carried out
at 37°C for 10 minutes, and the reaction was
stopped by the addition of 12 percent tri-
chloroacetic acid; during the 10-minute incu-
bation period approximately 5 to 10 percent
of the substrate was hydrolyzed. Omission of
coenzyme A reduced the PDH activity of the
controls to near zero. The pyruvate decarbox-

ylase (E,;) activity was assayed by the method of Reed and Willms (5), modified to use
sodium [l-**Clpyruvate. The reaction mixture was incubated at 37°C for 3 hours. In both
enzyme assays the evolved CO, was collected in hyamine hydroxide at 37°C for 45 minutes,
and the radioactivity was determined by liquid scintillation spectrophoiometry; SID, sudden
infant death syndrome; AE, anoxic encephalopathy; MLD, metachromatic leukodystrophy;

BD, Batten’s disease.

endogenous inhibitor demonstrated an
apparent interaction of the components
of the PDH complex of normal and af-
fected tissues during the 10-minute in-
cubation by as much as a threefold in-
crease in measured enzymatic activity
compared with the expected activity
(Table 2). Denaturation by heat or
ethanol of either homogenate, from the
tissues of the affected child or an ap-
propriate control prevented the seem-
ing activation of the PDH complex,
suggesting that an interaction of labile
protein constituents and not a stable
“cofactor” was responsible for the “ac-
tivation.” In addition, after mixing there
was no increase in the apparent ac-
tivity of the individual components of
the PDH complex as assayed separately
(data not shown) (5). Preliminary in-
cubation, either before or after mixing
with 5 mM Mg?+, failed to increase
any of the individual enzymatic activi-
ties. This concentration of Mg2+ was
sufficient for conversion of inactive

phosphorylated pyruvate decarboxylase

" (Ey) to the active dephospho form in

purified heart and kidney preparations
and in brain homogenates (6, 11).
Therefore, the apparent activation of
the mutant PDH complex by normal
material was not due to activation of
any of the individual enzymes, lack of
the activating enzyme (pyruvate de-
carboxylase phosphate phosphatase),
lack of a soluble cofactor, or presence
of an inhibitor; but most probably it
was due to an interaction of the in-
dividual components of the mutant and
normal PDH complexes to form mixed
functioning complexes. These mixing
experiments also suggest that in vivo
the E,; component in the PDH complex
is not the limiting portion of the com-
plex, but rather appears to be present
in excess.

Gounaris and Hager (/2) used mix-
ing experiments to show that extracts
from wild-type Escherichia coli could
supply an enzyme component, E,, of

Tab]e 2. Pyruvate dehydrogenase complex and pyruvate decarboxylase activity in mixtures of
liver hpmogenates of affected and control subjects. The results represent several individual
determinations. The methods are the same as those used in Table 1; E, experimental; C, calcu-

lated.
Pyruvate dehydro-
Protein genase complex a}: Z n(ll\ga;e (di;irlg%gﬁr
added (mg) (umole/hour per Ratio § 17 M 8 .
: per mg protein) Ratio
mg protein) E/C E/C
Con- Propo- -
trol situs E c* E ¢
1.20 0 0.139 2.04 x 102
1.08 0.12 0.151 0.125 1.20 1.89 x 10-® 1.83 x 10 1.03
0.60 0.60 0.133 0.069 1.93 1.08 x 10 1.02 x 10-2 1.06
0.30 0.90 0.088 0.039 225 0.44 x 10-3 0.51 X 102 0.88
0.12 1.08 0.047 0.014 3.40 0.19 x 102 0.20 x 10-® 0.93
0 120 <0.005 <0.01 X 10-®

* The calculated specific activity assumes the simple addition or the arithmetical sum of the
specific activity of the control sample and the patient sample prior to mixing.
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the PDH system to reconstitute the
activity of a strain of E. coli deficient
in PDH and that E, was present in
excess in the wild type. The possibility
of a similar such “intercomplex” ex-
change but involving E; has been pro-
posed for a mammalian PDH system
(13). Our experiments indicate that in
a mammalian PDH system, “intercom-
plex” exchanges probably can occur
and that pyruvate decarboxylase (E,)
in normal tissues appears to be present
in excess. It is not certain whether the
mobile, exchangeable, component is
E,, E3, or all three. Normal levels of
E. and E; with an absence of E; in both
the E. coli mutant (I3) and in the case
we studied suggest that the levels of E;,
its substrates, or products do not have
a modifying influence upon the level of
the other two enzymes.

The total absence of PDH activity in
the 6-month-old child resulted in severe
physical and neurologic deficits leading
to death at 6 months of age. The ability
of this infant to survive fetal life is
remarkable and implies an adequate
supply of noncarbohydrate metabolites
for tricarboxylic acid cycle oxidation.

This apparent genetic mutation in
the E; component of the PDH com-
plex provides some insight as to the
possible reason for the clinically var-
iable nature of the two previous similar
cases. In the 8-year-old child (8), the
E; activity was approximately 15 to 20
percent of normal. From our experi-
ments this activity would allow margi-
nal acetyl coenzyme A formation from
pyruvate, but would not allow increased
production during periods of physiologi-
cal stress. On the other hand, the 3-
year-old child (/0) had a residual total
PDH complex enzymatic activity of ap-
proximately 15 percent of normal due
to a deficiency of either E, or Eg, the
apparent limiting components of the
PDH system. Such a defect would result
in a much greater total deficiency of
carbohydrate derived acetyl coenzyme
A, and this greater absolute deficiency
would result in a more severely af-
fected patient.

Enzymatic studies of similar genetic
mutations in humans should contribute
to a better understanding of this type
of carbohydrate metabolism and its as-
sociated diseases.

DoNALD F. FARRELL, ARTHUR F. CLARK
C. RoNALD ScotT
RicHARD P. WENNBERG
Departments of Medicine (Neurology)
and Pediatrics, University of Washington
School of Medicine, Seattle 98195
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Pyridoxal Kinase: Decreased Activity in Red

Blood Cells of Afro-Americans

Abstract. The mean pyridoxal kinase activity in red blood cells of Ameri-
can blacks was approximately 50 percent lower than that of American whites.

Lymphocytes, granulocytes,

and cultured skin fibroblasts from black and

white donors contained identical pyridoxal kinase activity. The pyridoxal kinase
of blacks was indistinguishable from that of whites with respect to heat stability,
chromatographic mobility on microgranular diethylaminoethyl cellulose, Michaelis-
Menten constant for pyridoxine, and susceptibility to inhibition by 4-deoxypyri-
doxine. The difference of the activity of this enzyme in whites and in blacks is
much greater than any previously observed biochemical difference between the

races.

There are many anthropometric dif-
ferences and differences in skin pigment
which define the races of man. How-
ever, no such diversity is apparent in
biochemical measurements. There are,
of course, many polymorphisms that
are present exclusively, or are largely
confined to, a single race. However,
differences in the activity of an enzyme
affecting most members of a race are
quite unusual. While the average galac-
tokinase activity (/) and average adeno-
sine triphosphate concentration (2; 3,
pp. 92-94) of the red blood cells of

blacks have been shown to be signifi-
cantly lower than that of whites, the
differences observed have been rela-
tively small, with considerable inter-
racial overlap. We now report a strik-
ing difference in the activity of red
cell pyridoxal kinase (E.C. 2.7.1.35) of
whites and blacks. This enzyme cata-
lyzes the phosphorylation of pyridoxine
and pyridoxal, an essential step in the
conversion of pyridoxine to its active
coenzyme form. The difference in this
activity seems to be by far the greatest
interracial difference in the activity of

Table 1. Pyridoxal kinase activity in blood cells and skin fibroblasts from American black
and white subjects. Pyridoxal kinase activity in red cells is expressed as milliunits per gram
of Hb; that of lymphocytes, granulocytes, and fibroblasts as milliunits per gram of protein.
Values are given as mean = standard deviation, with ranges of values shown on the line
below. Single numbers in parentheses are the number of samples examined.

Race
Cells
Black White
Red cells 0.676 = 0.282 (25) 1.337 = 0.286 (36)
(0.310-1.569) (0.669-2.024)
Lymphocytes 30.50 == 12.47 (6) 30.12 = 9.41 (6)
(10.99-47.20) (17.55-41.05)
Granulocytes 4728 = 6.91 (6) 49,52 + 13.85 (6)
(36.45-56.55) (35.42-69.66)
Fibroblasts 60.40 (2) 62.27 (2)

(33.16, 87.63)

(46.58, 71.95)
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