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ABSTRACT. The prenatal diagnosis of a male fetus with
glutaric aciduria type II and the time course of metabolite
urinary excretion, starting immediately after birth, are
described. Prenatal diagnosis was undertaken at the 17th
wk of gestation by immunoblot analysis and pulse labeling
experiments of amniocytes and, retrospectively, by stable
isotope dilution analysis of six metabolites in amniotic
fluid. The results were as follows: 7) The immunochemical
analysis on cultured amniocytes showed that the fetus, as
the previous index case in this family, was affected with a
deficiency of the S-subunit of electron transfer flavoprotein.
2) Glutarate concentration was significantly increased in
the cell-free supernatant of the amniotic fluid. In the
postnatal period, most of the organic acids and acylglycines
characteristic of the disorder appeared in urine within a
week, although an increased excretion of hexanoylglycine
was the only biochemical abnormality detectable in the
first urine sample collected at 9 h after birth. Growth and
development of this infant were normal during the following
6 mo of life, when he was receiving oral supplementation
with L-carnitine and riboflavin. It should be underscored
that transient abnormalities in routine blood tests (glutamic
oxaloacetic transaminase, lactate dehydrogenase, and crea-
tine phosphokinase) were present soon after birth, despite
his asymptomatic clinical course. Early detection and ag-
gressive treatment could be effective in such a form of
glutaric aciduria type II. (Pediatr Res 30: 439-443, 1991)
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CPK, creatine phosphokinase

GAIl is an inhented disorder of organic acid metabolism that
is caused by disturbances in several acyl-CoA dehydrogenation
steps, such as medium-, short-, and long-chain acyl-CoA dehy-
drogenases, involved in fatty acid g-oxidation, isovaleryl-CoA
dehydrogenase and methylbutyryl-CoA dehydrogenase, both in-
volved in branched-chain amino acid metabolism, glutaryl-CoA
dehydrogenase, and sarcosine dehydrogenase (1). The patients
present with hypoglycemia, metabolic acidosis, hypotonus, hep-
atomegaly, Reye-like illness, and frequently, neonatal death.
Characteristic organic acids derived from these metabolic defects,
such as medium-chain dicarboxylic acids, glutarate, ethylmalon-
ate, methylsuccinate, 2-hydroxyglutarate, and isovalerylglycine,
are detectable in urine by GC/MS (1). It was also shown by
stable isotope dilution analysis that the excretion of hexanoylgly-
cine and suberylglycine could be significantly elevated in urine
from patients with GAIl, up to an order of magnitude compa-
rable to that observed in patients with medium-chain acyl-CoA
dehydrogenase deficiency (2). At the protein level, a primary
defect of either ETF, consisting of an a-subunit (e-ETF) and a
B-subunit (8-ETF), or ETF dehydrogenase in GAII was demon-
strated (3-7).

Recently, we reported a Japanese boy with GAII due to a
defect of B-ETF biosynthesis revealed by immunoblotting and
pulse-chase experiments (7). Subsequently, his parents had an-
other pregnancy and consulted for the prenatal diagnosis of the
disease. Prenatal diagnosis of GAII has been reported in several
cases (8—14), by either organic acid analysis of the amniotic fluid,
or by in vitro oxidation of radioactive substrates by amniocytes.
We describe here the prenatal diagnosis of a patient with a mild
form of GAII caused by an ETF deficiency accomplished by
immunochemical procedures and, retrospectively, by organic
acid analysis of amniotic fluid, using a stable isotope dilution
method (2). Precise monitoring of the clinical course and the
metabolite excretion in early infancy, when the patient had no
symptoms, are also described.

CASE PRESENTATION

The propositus was a Japanese boy, first born of unrelated
parents in 1988. He was diagnosed with GAIl at the age of 10
mo, based on the results of urinary organic acid analysis by GC/
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MS (15). A defect in biosynthesis of 3-ETF as the cause of the
disease was confirmed by pulse-chase experiments, and the clin-
ical history was reported previously (7).

During a second pregnancy, amniocentesis was carried out at
the 17th wk of gestation, and prenatal diagnosis was performed.
The pregnancy was continued, even though the immunochemi-
cal method described below indicated a strong likelihood that
the fetus was affected with GAII due to ETF deficiency.

The baby was a boy, born at 39 wks of gestation, weighing
3912 g. No evident clinical symptoms were noted until early
infancy. However, abnormalities in laboratory tests, such as GOT
157 IU/L (normal, <40), LDH 2014 IU/L (normal, <550), CPK
>3000 IU/L (normal, <180), were found as early as the Ist day
of life, as shown in Table 1. At that time, blood glucose (4.5
mmol/L; normal, 3.9-6.1) and ammonia (54.0 umol/L; normal,
5-50) were almost normal. The baby was immediately treated
with i.v. infusions of 7.5% glucose. This treatment was continued
until 9 d after birth. Oral supplementation with 10 mg/d of
riboflavin and 30 mg/kg/d of L-carnitine were also administered
at the 2nd and the 3rd d, respectively. As shown in Table 1, the
abnormalities in these laboratory tests were improved at 15 d of
life (GOT 34, LDH 695, and CPK 153). The baby was doing
well, and his physical and psychomotor development were within
the normal range. He could control his head at 3 mo of age, roll
over at 5 mo, and sit alone at 6 mo.

MATERIALS AND METHODS

Cell culture. Amniocytes and fibroblasts were cultured in
minimum essential medium with 10% FCS (standard medium).

Immunoblot analysis. Extracts of cultured amniocytes and
fibroblasts were applied to SDS/PAGE using 10% gel, and im-
munoblot analysis was performed as described previously (16),
using the immunoblotting system (Promega Biotec, Madison,
WI). Purified rat ETF and the anti-(rat ETF)IgG were prepared
as described previously (17).

Pulse-chase experiments. Amniocytes and fibroblasts were
grown in 6-cm plastic dishes and pulse-labeled with 200 xCi of
[*S]methionine for 1 h as described (7). Fibroblasts labeled with
[*S]methionine were chased with the standard medium for 6,
24, and 72 h. Immunoprecipitation and fluorography were done
as described (7).

Organic acid analysis. Butyrylglycine, isovalerylglycine, hex-
anoylglycine, suberylglycine, glutarate, methylsuccinate, and
ethylmalonate in amniotic fluid and urine were measured by a
stable isotope dilution method previously reported (2), with
minor modifications. Urinary organic acids other than the above

Table 1. Time course of serum laboratory tests (IU/L)

GOT GPT* LDH CPK
0d 25 7 737 361
1d 157 22 2014 >3000
3d 110 35 2103 >3000
5d 76 44 2178 1927
8d 36 30 1356 318
12d 43 31 955 209
15d 34 25 695 153
24d 25 20 554 169
ImoQd 25 21 508 88
lmol15d 26 17 490 155
2 mo 46 37 678 168
3 mo 61 55 760 351
4 mo 71 46 1098 430
5 mo 52 29 1033 282
S5mo19d 75 61 1583 282
6 mo 53 24 1040 219
Normal <40 <40 <600 <180

* GPT, glutamic pyruvic transaminase.
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compounds were analyzed by GC/MS after solvent-extraction,
oximation, and trimethylsilylation (standard GC/MS) (15).

RESULTS

Immunoblot analysis of ETF in amniocytes. As shown in
Figure 1, two bands for «- and 8-ETF were detected in both
amniocytes and fibroblasts from the controls, but not in the
amniocytes from the at-risk fetus.

Pulse-labeling experiment of ETF in amniocytes. In the control
fibroblasts and amniocytes, signals for a- and B-ETF were clearly
seen, as shown in Figure 2. In the patient’s amniocytes, however,
the signal for «-ETF but not for 8-ETF was detected. These
results indicated the possibility that the fetus was affected with a
defect of B-ETF biosynthesis as in the case of his brother, the
propositus.

Immunoblot analysis of ETF in fibroblasts. In the control
fibroblasts, two bands for «-ETF and S-ETF were apparently
seen (lanes 2 and 4 in Figure 3), but no bands for the two
subunits were detected in fibroblasts from the baby (lane 3),
results similar to those in the amniocytes.

Pulse-chase experiments of ETF in fibroblasts. The results of
the pulse-chase experiment of ETF using the fibroblasts are
shown in Figure 4. In the control, signals for both «-ETF and 8-
ETF were clearly seen after a 1-h pulse, a 6-h chase, a 24-h chase,
and a 72-h chase (lanes 1-4). In the patient’s fibroblasts (/anes
5-8), no signal for 3-ETF was detected in any lane, whereas the
signal for «-ETF was seen faintly after a I-h pulse and a 6-h
chase, and disappeared after a 24-h chase. These results con-
firmed that this patient was also affected with GAII caused by a
defect of 8-ETF biosynthesis.

Organic acids in amniotic fluid. Table 2 summarizes the
quantitative results of three acylglycines and three organic acids
determined by stable isotope-dilution analysis (2). Only the glu-
tarate concentration in the at-risk amniotic fluid was evidently
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Fig. 1. Prenatal diagnosis of GAII by immunoblot analysis of ETF in
cultured amniocytes. Lanes I and 4, control fibroblasts; lane 2, patient’s
amniocytes; /ane 3, control amniocytes; and /ane 5, control human liver
at autopsy. The amount applied to each lane corresponded to 50 ug of
protein in extracts from amniocytes or fibroblasts and 5 ug of liver
extract, respectively. £ and F’, control fibroblasts; P, patient’s amnio-
cytes; A, control amniocytes; and L, control human liver at autopsy.
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Fig. 2. Prenatal diagnosis of GAII by pulse labeling of ETF in cultured
amniocytes. Lane 1, control fibroblasts; /ane 2, patient’s amniocytes; and
lane 3, control amniocytes. Abbreviations are the same as in Figure 1.
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Fig. 3. Immunoblots of ETF in fibroblasts obtained after birth. Lane
1, control human liver; lanes 2 and 4, control fibroblasts; and lane 3, the
patient’s fibroblasts. The amount applied was the same as in Figure 1.
Abbreviations are the same as in Figure 1.

Control Patient
PO (PR PO [P Y (RPN PPN R )
P 6 24 72 P 6 24 72
a-ETF+
B-ETF”
1 2 3 4 5 6 7 8

Fig. 4. Pulse-chase experiments of ETF in the patient’s fibroblasts
obtained after birth. Lanes 1-4, control fibroblasts; lanes 5-8, patient’s
fibroblasts. P, 1-h pulse; 6, 24, and 72, chase for 6 h, 24 h, and 72 h,
respectively.

increased about 5-10 times that of the controls. A mild increase
of ethylmalonate, methylsuccinate, butyrylglycine, isovalerylgly-
cine, or hexanoylglycine was also noted, although the diagnostic
significance of such an increase was not clear.

Urinary excretion of organic acids after birth. Table 3 sum-
marizes the time course of metabolite excretion in early infancy.
By use of a standard GC/MS method, no significant abnormal-
ities in excretion of adipate, suberate, sebacate, glutarate, ethyl-
malonate, and 2-hydroxyglutarate were noted at 9 h after birth.
However, an increased excretion of hexanoylglycine was detected
by stable isotope dilution analysis in the same specimen. 2-
Hydroxyglutarate and ethylmalonate excretion exceeded the re-
spective range of control values within 24 h, a pathologic excre-
tion of the remaining organic acids and acylglycines occurred
within a week. An increase in ethylmalonate excretion was found
after 24 h; methylsuccinate, glutarate, and butyrylglycine, at 5 d;
and isovalerylglycine, at 8 d. Phenylpropionylglycine was within
a normal range throughout the entire period of investigation.
The findings of the urinary organic acids in his older brother,
the proband, at 14 mo and 2 y of age, were also shown in Table
3 for comparison. The abnormalities in the urinary organic acids
of the baby were qualitatively and quantitatively similar to those
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previously observed in his brother, the propositus, about 1-3 wk
after birth.

DISCUSSION

In this study, the usefulness of immunochemical methods in
the prenatal diagnosis of GAII and the usefulness of precise
follow-up of metabolite excretion immediately after birth in a
patient with a mild form of GAII were demonstrated for the first
time.

Clinical heterogeneity of GAII has been reported, and GAII
has been classified into the three following forms (1): neonatal
onset form with congenital anomalies; neonatal onset form with-
out anomalies; and late onset, mild form. Most patients with the
neonatal onset forms die within the first week of life. Patients
with the late onset form may survive longer, having episodic
attacks such as hypotonia, hypoglycemia, metabolic acidosis, or
sometimes Reye’s syndrome-like illness. The propositus in this
report could be described as having the mild form rather than
the neonatal form, although he was hospitalized with neonatal
transient respiratory distress. He has survived longer, satisfactor-
ily recovering from intercurrent infections or diarrhea, and could
walk alone at the age of 21 mo.

The baby in this study is likely to belong to the group with the
late onset, mild form of GAIIL Up to date, his weight gain and
development have been within normal ranges and he had no
evident symptoms in infancy while receiving oral supplementa-
tion with L-carnitine and riboflavin. However, it should be
underscored that a transient elevation in serum GOT, LDH, and
CPK was noted in the early neonatal period and persisted there-
after. Had he not received such care since early infancy, we
believe that he might have presented with symptoms as serious
as his brother, who suffered gross motor delay and recurrent
acute episodes of illness. These observations suggest that patients
with a mild form of GAIIl could present in the immediate
neonatal period, and for variable periods of time thereafter, with
only minor and difficult to detect biochemical abnormalities.
These results also indicate that early and aggressive treatment
could play a role in the long-term outcome of these patients.

In the neonatal, severe form of GAIl, a characteristic pattern
of organic acids is frequently detectable from the early neonatal
period (1, 18). In contrast, in the mild form, the diagnosis may
be more difficult because the organic aciduria is considerably
less pronounced and often intermittent (1, 19-21). In this case,
an increased excretion of hexanoylglycine in urine was detected
by stable isotope dilution analysis immediately after birth and
continued thereafter. Other organic acids characteristic of GAII
gradually increased to values similar to those observed in his
sibling, the propositus, at 1-3 wk after birth. As in the case of
other fatty acid oxidation disorders like medium-chain acyl-CoA
dehydrogenase deficiency (2), a warning should be made that
these abnormalities could be easily missed by a standard GC/
MS method. Although several organic acids indicative of GAII
might be present in urine, to some degree, weeks or months after

Table 2. Concentration of acylglycines and organic acids in amniotic fluid (umol/L)*

Amniotic fluid BG 1IVG HG EMA MSA GLU
Pregnancy at risk for GAII 1.19 0.43 1.61 1.33 0.56 5.91
Japanese controlsf

Control 1 0.49 0.23 0.41 0.47 0.33 0.50

Control 2 0.44 0.15 0.48 0.41 0.23 0.78
Caucasian controls

(n=12)}

Mean = SD 0.12 £0.02 0.183 £0.04 0.23+£0.03 0.69 +0.11 0.09 £ 0.05 0.72 £0.26

(Range) (0.08-0.15) (0.11-0.23) (0.19-0.28) (0.55-0.91) (0.04-0.20) (0.44-1.33)

* BG, n-butyrylglycine; IVG, isovalerylglycine; HG, n-hexanoylglycine; EMA, 2-ethylmalonic acid; MSA, 2-methylsuccinic acid; and GLU,

glutaric acid.

+ Amniocentesis of controls | and 2 performed in the 18th gestational week because of prenatal diagnosis of the other inherited diseases.
1 Amniocentesis in the 16th-19th gestational week because of advanced maternal age.



Table 3. Time course of urinary metabolite excretion after birth (mmol/mol creatinine)*

GC/MS stable isotope dilution analysis Standard GC/MS analysis
Time after birth BG VG HG PPG SG EMA MSA GLU 2HG ADI SUB SEB
Subject
9h 0.13 5.18 2.98 0.06 422 11.08 2.53 3.17 15.02 2.01 1.49 1.62
10 h 0.62 2.59 3.55 0.09 6.00 14.97 3.72 5.14 10.27 4.88 3.90 2.29
24 h 0.26 1.40 1.48 0.13 3.24 19.60 3.35 4.55 32.42 7.20 4.74 2.85
31h 0.40 1.19 2.01 0.05 3.72 19.30 6.17 6.53 11.43 8.28 8.15 2.46
48 h 0.30 2.97 3.36 0.19 21.92 37.16 9.16 8.11 44,75 14.86 13.12 1.23
3d 0.15 2.70 10.71 0.18 13.37 41.18 10.61 7.92 22.60 23.22 25.00 15.16
5d 3.03 5.47 3.33 0.01 32.04 34.05 17.68 29.32 54.32 16.33 9.22 0.28
7d 0.94 8.70 2.19 0.07 1.28 39.04 6.17 11.05 73.39 16.33 13.12 4.08
11d 2.20 38.36 6.69 0.01 3.96 68.74 11.92 29.17 78.59 24.07 30.91 6.04
144 0.34 36.49 5.85 0.01 10.54 41.19 7.84 29.74 66.00 35.83 40.13 16.22
23d 1.47 97.24 9.16 0.12 68.61 118.73 25.01 88.99 334.89 42.96 25.85 20.59
30d 0.85 4958 1.74 0.01 5.19 47.20 5.76 8.65 149.08 53.02 20.85 3.41
45d 0.54 138.22 4.87 0.01 117.35 47.32 7.69 21.26 334.70 61.84 40.00 2.18
60d 1.12 55.95 1.87 0.47 82.59 51.01 8.30 10.19 22.70 45.82 15.33 2.46
2mo 17d 2.53 247.54 7.48 0.63 2.85 35.11 3.82 7.17 155.05 28.95 18.90 7.22
3mo7d 1.18 71.60 26.97 0.48 15.37 51.66 6.75 7.22 166.48 128.87 68.84 5.48
4mo0d 0.98 165.33 15.73 0.43 9.35 50.52 5.48 5.03 173.67 31.19 14.42 0.67
4mo 14d 1.16 73.49 13.06 0.57 11.02 62.26 7.79 7.12 142.66 93.96 50.72 3.97
5mo0d 0.24 28.48 19.49 0.44 14.05 28.61 2.93 2.72 139.58 292.64 126.57 123.96
5mo 12d 2.95 32.61 34.49 0.81 14.94 83.99 9.93 3.71 214.83 87.38 26.76 12.03
Sibling (proposi-
tus)
1y2mo 0.20 58.27 4,52 0.04 12.87 38.81 9.72 6.96 143.18 75.00 23.96 3.92
2y 0 mo 2.18 319.37 64.91 0.03 28.10 83.37 1.17 4.23 841.79 91.64 33.77 3.52
Controls
Mean 0.65t 3.48% 0.57% 0.29% 1.98% 6.94% 4.27% 4,94+ 32.42§ 13.78§ 6.69§ 3.97§
(Range) (0.02-1.64) (0.21-10.2) (0.13-1.24) (<0.01-0.72) (<0.01-5.38) (0.43-17.3) (0.34-11.8) (0.51-13.0) (0.00-72.2) (2.32-22.1) (0.71-15.9) (0.00~9.85)

* BG, 1VG, HG, EMA, MSA, and GLU have the same meanings as in Table 2; PPG, phenylpropionyl-glycine; SG, suberylglycine; 2HG, 2-hydroxyglutarate; ADI, adipate; SUB, suberate; and SEB,
sebacate. Underlined values indicate the first occurrence of abnormal excretion for each metabolite.

tn =25, age 7 d-9 mo, same urine samples used as normal controls in Reference 2.

f From Reference 2.

§ n =20, [ mo-10 mo.
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birth, our results confirm the findings by Loehr et al. (6) that
patients with a phenotypically mild form of GAII might not be
detected by standard GC/MS analysis.

The application of organic acid analysis of amniotic fluid by
GC/MS or in vitro oxidation of radioactive substrates in amnio-
cytes have been reported as prenatal diagnosis of GAII (8-14).
In vitro oxidation assay, however, is not always an available
option for prenatal diagnosis because it requires a large number
of cells and is time-consuming. This study represents the first
report of prenatal diagnosis of a fetus with GAII using immu-
nochemical methods such as immunoblotting and pulse labeling.
These procedures require a relatively small number of cells and
yield reliable results. However, their only limitation is the neces-
sity to pinpoint at the protein product level the site of the defect
(ETF or ETF dehydrogenase) in the propositus.

Prenatal diagnosis by amniotic fluid analysis using a stable
isotope dilution method have been reported in several organic
acidurias such as methylmalonic acidemia (22-24), isovaleric
acidemia (25), and glutaric aciduria type I (26). In many of these
cases, a substantial difference in concentration of the diagnostic
compounds between normal controls and the affected fetus has
been detectable. The organic acid analysis of amniotic fluid using
such a method (2) was also used for the prenatal diagnosis of our
case. Prenatal diagnosis of GAII by the organic acid analysis of
amniotic fluid has been reported in several cases in which the
propositus was likely to belong to the neonatal onset form of
GAII (8-14). The levels of glutarate and 2-hydroxyglutarate in
the amniotic fluid from the affected fetus were about 20 and 3
times those in the normal controls, respectively, in the report by
Boue et al. (10); the levels of glutarate, adipate, sebacate, and
suberate were about 15, 10, 7, and 3 times higher than normal,
respectively, as reported by Jakobs et al. (11); the level of glutarate
was 10 times normal as reported by Henderson er al. (14). In
these reports, an increased concentration of glutarate in the
amniotic fluid was noted as one of the most reliable indices for
the prenatal diagnosis of GAIl, although the amount may be
much smaller than that detectable in amniotic fluid from fetuses
affected with glutaric aciduria type I (26). Consistently, glutarate
concentration in the amniotic fluid was increased about 5 times
greater than reference values. Other metabolites such as ethyl-
malonate, methylsuccinate, butyrylglycine, and hexanoylglycine
were also elevated in the amniotic fluid. Although these findings
were indeed consistent with the results obtained by immuno-
blotting and pulse labeling experiments and the elevated glutarate
concentration, the reproducibility of these results should be
further evaluated before the attribution of any diagnostic signif-
icance. In addition, it is interesting that the urinary excretion of
glutarate as well as the other metabolites was almost normal
immediately after birth, although glutarate concentration was
increased in the amniotic fluid at the 17th wk of gestation.

Rapid, reliable, and complementary procedures are essential
for the prenatal diagnosis of inherited diseases. Under this per-
spective, the immunochemical methods used in this study for
the prenatal diagnosis of GAII provided reliable results, requiring
a smaller number of cultured cells. Organic acid determination
in amniotic fluid by stable isotope dilution analysis also provided
significant diagnostic information, although the gap in concen-
tration between normal and affected cases was relatively small.
The tandem application of these procedures is likely to provide
a rapid and more reliable prenatal diagnosis of ETF deficiency.
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