
Archives of Disease in Childhood, 1989, 64, 1699-1707

Type II hyperprolinaemia in a pedigree of Irish
travellers (nomads)
M P FLYNN, M C MARTIN,* P T MOORE,* J A STAFFORD,* G A FLEMING,t AND J M PHANGt

Midland Health Board, Mullingar and *St James's Hospital, Dublin, Ireland and tMetabolism Branch,
National Cancer Institute, National Institutes of Health, Bethesda, Maryland, USA

SUMMARY We describe a study of 312 subjects in 71 families near related to a proband with type
II hyperprolinaemia. The subjects were Irish travellers (nomads) among whom consanguineous
marriage and high fertility are common. Thirteen additional cases of type II hyperprolinaemia
were discovered; all were offspring of consanguineous unions. A further 50 subjects were found
to have mild hyperprolinaemia. We found a strong association between type II hyperprolinaemia
and seizures during childhood but no significant association with mental handicap. Most adults
with type II hyperprolinaemia enjoyed normal health and there was no evidence that maternal
hyperprolinaemia compromised fetal development. The documented association between type II

hyperprolinaemia and seizures may be related to the neuromodulatory or reducing-oxidising
effects of proline and pyrroline-5-carboxylate, respectively, that has been shown in vitro.
Alternatively, another genetic defect closely linked to the type II hyperprolinaemia allele could
be the explanation.

Hyperprolinaemia is a disorder of metabolism char-
acterised biochemically by a raised concentration of
plasma proline and by aminoaciduria consisting of
proline, hydroxyproline, and glycine. The urinary
excretion of hydroxyproline and glycine is due to a
saturation by proline of an active transport system in
the renal tubule, which shares affinity for proline,
hydroxyproline, and glycine.' 2 Proline and
hydroxyproline are non-essential amino acids.
Beyond early infancy there is virtually no proline in
normal urine.
Twenty families with the rare biochemical dis-

order, hyperprolinaemia, are known to the authors
from the literature. '1 3On the basis of the findings in
these families and pedigrees the hyperprolinaemia
trait can be divided into two forms: type I hyperpro-
linaemia, caused by defective proline oxidase activ-
ity and type II hyperprolinaemia, caused by defi-
cient A-pyrroline-5-carboxylic acid dehydrogenase
(P5CD) activity. Both forms are the result of mutant
alleles at different genetic loci and are inherited in
autosomal recessive fashion. Consanguinity of the
parents was noted in several of the 20 previously
reported families.

Metabolism of L-proline and clinical phenotypes

L-proline is first oxidised by proline oxidase to
A-pyrroline-5-carboxylic acid (P5C). P5C is in
equilibrium spontaneously with glutamic acid y
semialdehyde, which is oxidised by P5CD to gluta-
mic acid. Glutamic acid semialdehyde can also be
transaminated to form ornithine. Proline oxidase is
mitochondrial and found in relatively few tissues
while P5CD is cytosolic and ubiquitous.4 The
pathway of mammalian proline metabolism is shown
in fig 1.
Based on a number of reports the normal plasma

proline range may lie between 80 and 350 imol/l. ' 5
The concentration in type II hyperprolinaemia, with
few exceptions, is in excess of 1300 jmol/I and may
be as high as 3000 [imol/l, whereas, in type I the
concentration rarely exceeds 1700 ,umol/l. As the
block in type II hyperprolinaemia is at the second
stage of catabolism, people with this condition have
appreciably raised concentrations of plasma P5C
and excrete P5C in their urine. These latter findings
distinguish type II hyperprolinaemia from type I.

Proline has been found to have neurotransmitter
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Fig 1 Pathway ofmammalian proline metabolism with two known human metabolic blocks indicated: (1) in type I
hyperprolinaemia, (2) in type II hyperprolinaemia.

properties to which P5C may contribute but the
effect of high plasma proline or high plasma P5C
concentrations on brain function is unclear. ' 6 In the
earliest reports of type I and type II hyperproli-
naemia an association of the conditions with diverse
clinical abnormalities was reported, namely, here-
ditary nephropathy, deafness, mental handicap, and
seizures. 5 7 In subsequent reports, families were
described in which hyperprolinaemia occurred in the
absence of clinical disease and many believe that
the hyperprolinaemias are benign conditions.1'2
However, a cause and effect relationship between
type II hyperprolinaemia and convulsive seizures
was not completely ruled out.

The investigation

The investigation reported here commenced with
the family of the proband, who had hyperproli-
naemia, iminoglycinuria, and mental handicap and
was subject to seizures. Part of the family pedigree is
shown in fig 2; the proband is IV.22. There was a
high incidence of seizures among his siblings, four of
whom were mentally handicapped. Subsequently,
the investigation was extended to many other
families with the same paternal ancestry. All were
'travellers' (itinerants, tinkers, gypsies) among
whom teenage marriage of cousins, particularly first
cousins, and high fertility are common. '-3 The word
'gypsies' is used in the descriptive sense only.
Members of the group are not of Romany origin but
are racially Irish.'4 Most of those over 20 years of
age are illiterate. In recent years many have settled
in houses. While not of Romany origin their
characteristics and practices resemble, in many
respects, those described by Thomas for Romany
gypsies of the United States among whom marriage
between second cousins is considered ideal. '
Travellers are very suspicious of outsiders.

However, the first named author is generally trusted
by them having done voluntary social work with
them for many years. Thomas got exposure to their
culture by caring for them and gaining the title
'Gypsy doctor'.
Samples of urine and blood were collected in the

family house or caravan, apart from a few collected
during clinic or hospital attendance. Cooperation,
although sometimes slowly attained, was excellent
there being only two refusals at initial approach.
However, requests for repeat specimens were
sometimes unsuccessful. Furthermore, the scattered
geographic location and mobility, even to the
United Kingdom, were limiting factors in obtaining
specimens for follow up tests. During the repeated
home visits the family medical history was taken,
with detailed questioning about possible convulsive
episodes. Confirmation of a history of seizures given
by the subjects or their parents was obtained from
family doctors and hospital records. The term
seizure embraces febrile convulsions, isolated single
seizures, recurrent petit mal and grand mal epileptic
type convulsions. Despite the hardship and rigours
of their way of life travellers have no special health
problems other than an increased liability to
physical injury. '3 14
Assessment of IQ (by the revised Wechsler

intelligence scale for children) was performed on 19
schoolgoing children of the pedigree: five with type
II hyperprolinaemia, five with mild hyperproli-
naemia, and nine with normal plasma proline. One
of the children with type II hyperprolinaemia had an
IQ of 55 and another an IQ of 70. One child with
mild hyperprolinaemia had an IQ of 75, and the
remainder had an IQ of 80 or higher. Mental
handicap is defined as having an IQ <70 on the
Wechsler scale. Two preschool children with type II
disease, who showed normal development, were not
formally tested. Other members of the pedigree
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Fig 2 Type Ilhyperprolinaemia in a pedigree of Irish travellers.

D Q Male, female

E a Urine and or serum normal History of seizure Lj=Q First cousin marriage

iMild hyperprolinaemia andMetlhniaIJ ® urine normal Elam ad Mental handicap L 0 Not tested

El (i) Marked hyperprolinaemia Z 0 Died in infancy or youth + Proband
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with mental handicap were known from previous
clinical assessments.

Methods

Preliminary screening involved the qualitative test-
ing of urine from the family of the proband and
some close relatives for amino acids by two dimen-
sional paper chromatography. Those showing pro-

linuria, their immediate family, and some members
of the extended family, had blood samples taken in
plain tubes, and their serum or plasma proline
concentrations were determined on a Locarte amino
acid analyser. A total of 312 subjects were screened:
urine was collected from 280 and blood from 147. In
32 cases no urine was collected but a blood sample
was. Many repeat samples were taken. Concentra-
tions of urinary amino acids were determined on the
Locarte analyser using random samples. The refer-
ence values for serum proline used for adults were

those given by Dickenson et al: mean 184 (range
102-336) [tmol/l.16 The reference values of Clayton
et al were used for children: mean 185 (range
89-281) jimol/1.17
The method described by Strecker was used in

testing for orthoaminobenzaldehyde reactive sub-
stances in the urine.18
Plasma P5C concentration and leucocyte P5CD

activity were quantitated on five subjects with

prolinuria and hyperprolinaemia and 32 other pedi-
gree members and two normal controls. For plasma
P5C concentrations, 10 ml of heparinised whole
blood was immediately chilled in an ice slurry.
Plasma obtained by centrifugation was deprotei-
nised with 50% trichloroacetic acid to a final
concentration of 10% and stored at -20°C. Plasma
P5C concentrations were determined by a published
method.'9 For P5CD measurements, leucocytes
were obtained by dextran sedimentation from 10 ml
of heparinised whole blood. The cells were washed
twice in phosphate buffer (0.1 M, pH 8-0) and
stored at -20°C. The samples were carried to
Bethesda, Maryland in carbon dioxide snow. P5CD
activities were measured using a previously
described specific radioisotopic method,20 and
proteins in the extracts were estimated by the
method of Lowry et al.

Results

In addition to the proband, who was discovered to
have hyperprolinaemia in 1972, at 10 years of age,

prolinuria was found in a further 13 subjects (three
males, 10 females) from five families. Serum proline
concentration was above 2000 .tmol/l in 10 and
slightly under that level in two (table 1). It was not
convenient to take blood from one child (V.19) but
quantitative urinalysis showed iminoglycinuria.

Table 1 Personal details and amino acid profiles of pedigree members with type II hyperprolinaemia

Pedigree Sex Age Qualitative Quantitative urintary Serumn Plasmna Suffered Mental
No (years) urinary amino acids prolitie P5C fromn hantdicap
(fig 2) proline (Mmoll/) (ptnolll) (Pmo10lIl) seizures

Proline Hydroxy- Glycine Fastinig Non-
proline fasting

Adults:
IV.17 F 31 Positive 42 100 763 19 673 1818 2047 14-75 No No
IV.22* M 28 Positive 29 500 518 5 934 2663 2218 18-87 Grand mal Severe
IV.42 M 36 Positive 14 211 641 3 664 2257 2178 Not tested No No
IV.45 M 31 Positive 22 101 1145 7 606 2673 2277 Not tested Grand mal No
IV.46 F 29 Positive 25 585 548 7 050 2075 2371 22-13 Petit mal No
IV.50 F 22 Positive 40 897 4171 20 591 2182 1951 Not tested Grand mal No
IV.54 F 18 Positive 25 357 1082 6 119 2124 1278 29-57 Grand mal No

Reference values Nil 5-20 169-1298 102-336

Children: 1193 1
V.2 F 2 Positive 8 718 947 3368 1762 f Not tested No No

V.9 F 10 Positive 6 793 107 1347 2283 23-35 Grand mal Slow
V.14 M 12 Positive 37 352 3769 15 052 1821 Not tested Grand mal Mild
V.16 F 10 Positive 40 215 2177 11 156 2478 Not tested No No
V.17 F 9 Positive 20 572 1447 7721 2210 Not tested Grand mal No
V.18 F 7 Positive 2 102 84 1603 2713 Not tested Grand mal No
V.19 F 5 Positive 8 279 230 3412 Not tested Not tested Grand mal No

Reference values Nil 2-22 165-1420 105-261 89-261

*Proband.
Samples of urine were random.
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Fifty other subjects (27 males, 23 females) had a
serum proline concentration higher than the
reference values. These are classified as having mild
hyperprolinaemia. None of the 50 was found to have
prolinuria. The proline concentration in seven was
over 700 [smol/l, being above the venous plasma
concentration of 0*8 mM (695 ,umol/l) at which
prolinuria occurs according to Scriver et al.2 Quanti-
tative urinalysis on one girl (V.28) with a serum
concentration of 1278 iimol/l (confirmed on repeat
test) showed no aminoaciduria. This girl and 16
others with mild hyperprolinaemia had normal
concentrations of plasma P5C and had P5CD
present in their peripheral leucocytes. The serum
concentration in the 147 subjects tested is given in
table 2. With a single exception proline was the only
raised serum amino acid. A mentally handicapped
boy (V.34), with multiple congenital defects, had
mild hyperprolinaemia (546 ismol/l) and mild
alaninaemia (555 [Lmoll1). There was no apparent
difference between fasting and non-fasting serum
proline concentrations.

It proved convenient to test urine from nine of the
14 with prolinuria for orthoaminobenzaldehyde
reactive substances. The findings ranged from 0-053
to 1*677 mean optical density value. Urine from
20 control (general hospital) patients gave a mean
optical density value of 0-01325 with a range 0-00 to
0-027.

Tests for P5CD in peripheral leucocytes showed
that it was undetectable in the five subjects with
hyperprolinaemia and prolinuria who were tested.
Their plasma P5C concentrations were high at
14-75; 18-87; 22-13; 23-35, and 29-57 imol/l. The
range in 32 pedigree members with normal plasma
proline or mild hyperprolinaemia was 0-128 to 1-71
,umol/l. Two non-pedigree controls had concentra-

Table 2 Serum proline concentrations in the 147 members
of the pedigree tested

Proline No of Proline No of
('smoI/I) subjects (JimoNI) subjects

0-100 1 1700-1800 1*
>100-200 26 >1800-1900 1*
>200-300 48 >1900-2000 0
>300-400 26 >2000-2100 2*
>400-500 14 >2100-2200 2*
>500-600 8 >2200-2300 3*
>600-700 4 >2300-2400 1*
>700-800 5 2500-2600 2*
>800-900 1 2700-2800 1*
1200-1300 1

Subtotal 134 Subtotal 13

*Indicates prolinuria.

tions of 1-41 and 1-2 jAmol/l, respectively. All these
34 subjects showed the presence of P5CD in their
peripheral leucocytes ranging from 6-83 nmollhour/
mg to 52-4 nmol/hour/mg. Summaries of the
numbers tested, results, and findings relating to
seizures and mental handicap are given in fig 3. No
significant association was shown between mental
handicap and proline status. There was, however, a
highly significant association between the
occurrence of seizures and proline status when
analysed by the x2 test: 78-39, p<0-01. The excess of
seizures in those with raised proline was accounted
for entirely by the group with type II hyper-
prolinaemia. There was no association between mild
hyperprolinaemia and seizures.
With the object of establishing a contrast with the

pedigree of the proband, the homes and caravans of
all other non-pedigree travellers located in the same
general area, to a total of 41 families with 259
children and young adults, were visited and medical
histories taken. First cousin marriage was less
common than in the proband pedigree. While not
near related to the pedigree, some would have
common ancestors. There were three (1X2%) with
a history of recurrent seizures and none had an
isolated single seizure. The pedigree families and
the non-pedigree families were not matched for age
and sex but were of generally similar structure. Just
three of the non-pedigree travellers had serum
proline estimated, all being normal.

FAMILY PEDIGREES AND CLINICAL FINDINGS
Among the pedigree sampled there were 71
marriages. Only three of these were not between
first to third degree cousins. Families containing one
or more members with hyperprolinaemia or other
significant finding are set out in fig 2. Family
members are numbered sequentially in birth order
by generation. Because of the large size of
completed families and widespread marriage of
teenage first cousins only key family units of the
pedigree are depicted.
The proband, who suffered from severe mental

handicap and recurrent seizures, was one of 11
surviving children of 15 born live to a con-
sanguineous union (family of III.2 and III.12). The
father (111.2) had mild hyperprolinaemia. Five of
the 20 pregnancies of the mother (III.12) ended in
miscarriage and there were four deaths in infancy or
childhood. Of the 11 survivors, five had severe
mental handicap and physical defects. Of these five
one, the proband, had appreciable hyper-
prolinaemia and two had mild hyperprolinaemia;
these three were also subject to seizures, as were
two who died in childhood. Of the six other
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Pedigree
312

Proline in the urine:

Serum proline
concentration:

Type II hyperprolinaemia
(HP II) or or mild
hyperprolinaemia (Mild):

Seizures:
Grand mal
Petit mal
Febrile convulsion
None

Present
14

Raised Normal Not
13 0 tested

I l1II
HP II Mild
13 0

8
1
0

4

Absent
266

Not tested
32

Raised Normal Not Raised Normal
45 57 tested 5 27

164

HP Il Mild HP II Mild
0 45 0 5

2 4 1 0 0

0 1 0 0 0
1 0 2 0 0
42 52 161 5 27

Mental handicap: 2 4 4

Fig 3 Presence of proline in urine and serum proline concentrations in members of the pedigree, showing the numbers
having seizures and mental handicap.

survivors, five were generally healthy, one of whom
(IV.17) had type II hyperprolinaemia and three had
mild hyperprolinaemia (IV. 13, 20, 24). Subject
IV. 17 suffered from occasional episodes of depres-
sion requiring hospitalisation but had no history of
seizures. Six of her eight children had mild hyper-
prolinaemia but none had aminoaciduria (a
newborn infant was not tested). The high morbidity
and mortality in the offspring of 111.2 and III.12 is
exceptional for travellers.
The second most significant family of the pedigree

was the 17 live born and surviving offspring of
subject III.11 who was dead at the time of the
survey, and of III.3 who declined sampling. This
family were double first cousins of the proband's
family. None had mental handicap. Five had type II
hyperprolinaemia (IV.42, 45, 46, 50, and 54), four
of whom gave a history of seizures in childhood.
One of these (IV.45) had 10 children, five of whom
had type II hyperprolinaemia, four with a history of
recurrent seizures and one with mild mental
handicap. Subject IV.41 with normal serum proline,
had one child (V.9) with type II hyperprolinaemia,
who had recurrent seizures and was a slow learner.
Another member of the family (IV.43) had one
child (V.28) who had mild hyperprolinaemia to a

level of 1278 ,umolIl, normal urine, normal plasma
P5C and P5CD present in peripheral leucocytes.
This child had had a single childhood febrile convul-
sion and was a slow learner. Two other members of
the family of 111.11 and 111.3, who had normal pro-
line profiles, had had recurrent seizures which
ceased in IV.44 at 22 years of age and was controlled
in the other (IV.56) who was in his early teens. One
of the four children of IV.48 had two febrile convul-
sions. The child's urine was normal. Plasma proline
was not estimated. The children of IV.48 are not
shown in fig 2.
One other consanguineous couple had two

children (V.40 and 41) with severe mental handicap
and epilepsy since early childhood. Both had a
normal urine and serum amino acid profile. The
elder child died at 9 years of age subsequent to being
studied. A third recently born child appeared
normal. Their mother (IV.75) had mild hyper-
prolinaemia. One young woman (IV.38) developed
grand mal seizures in late teenage. The second
generation ancestor (II.2) suffered from traumatic
epilepsy for five years before his death at 54 years
of age.

In the remainder of the extended pedigree (not
shown in fig 2) there was one child with spina bifida

I
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who had occasional seizures, two who had single
febrile convulsions, and one with multiple congeni-
tal defects. Other than subject 11.2, all the persons
referred to are the offspring of teenage marriages of
first cousins.

In addition to those of the proband, hospital
records or discharge reports were available for eight
of those with type II hyperprolinaemia in respect of
30 admissions because of seizures and fever ranging
up to 41°C. Upper respiratory tract infection, some-
times associated with vomiting, was the most
common positive finding, with no evidence of major
underlying pathology. There were three episodes of
diarrhoea and meningism with negative results on
lumbar puncture. Electroencephalographic reports
were available for four pedigree children. Three
with type II hyperprolinaemia gave a normal
reading, but subject IV.56, with a normal proline
profile and who was on maintenance anti-
convulsants, indicated a convulsive tendency.

MATERNAL HYPERPROLINAEMIA
Four women with type II hyperprolinaemia had
teenage marriages. Subject IV.17 had eight
children, IV.46 had five children, IV.50 had three
children, and IV.54 had two children. With a single
exception, the children were physically and develop-
mentally normal. The exception was the third child
of IV. 17. He was the child with mild hyper-
prolinaemia, alaninaemia, and multiple congenital
defects referred to earlier (V.34). The mother of this
family (IV. 17), who suffered occasionally from
depression, had a pulmonary embolus six days after
her sixth confinement. A further confinement three
years later was uneventful but her eighth confine-
ment, after another six years, was followed by
pulmonary embolus 10 days after the birth. Thus 17
of 18 children born to mothers with type II hyper-
prolinaemia appeared physically and develop-
mentally normal. Five of the 10 children of one man
with type II hyperprolinaemia (IV.45) had type II
hyperprolinaemia, four had had seizures and one
had mild mental handicap. The remaining five
children were apparently healthy. Another man
with type II hyperprolinaemia (IV.42) had eight
healthy children (not shown in fig 2).

Discussion

The biochemical findings in 14 members of this
pedigree fulfilled the established criteria for type II
hyperprolinaemia, namely, appreciable hyper-
prolinaemia, iminoglycinuria, and orthoamino-
benzaldehyde reactive substances in the urine.
Unfortunately, it was not feasible to assay for leuco-
cyte P5CD activity and plasma P5C in the entire

pedigree because of the nomadic life style of some
and unwillingness for further sampling in others.
But in five affected and 31 other members of the
pedigree in which P5CD and P5C assays were done,
the initial diagnosis was confirmed in every case. In
agreement with findings in previously reported
pedigrees, proline was the sole raised serum
amino acid. The unusual, if not unique, associa-
tion of hyperglycinaemia with hyperprolinaemia
reported by Pavone et al was not found in this
series.11
An unexpected finding in this pedigree is the high

number of subjects with mild hyperprolinaemia
(approximately one third) for which we have no
simple explanation. For type II hyperprolinaemia,
Scriver et al outlined a straightforward association
between phenotype and presumed genotype in this
metabolic disorder with autosomal recessive
inheritance.' Probands and siblings with hyper-
prolinaemia exceeding 1300 imol/I are homo-
zygotes. Heterozygotes with intermediate activities
of P5CD have normal serum proline concentrations.
In the current pedigree the transmission of type II
hyperprolinaemia, as represented by the 14
presumed homozygotes, is clearly autosomal
recessive. Furthermore, the finding of normal
plasma proline concentrations in eight children of
one man with type II hyperprolinaemia (IV.42), all
expected heterozygotes at the P5CD locus, is consis-
tent with the idea that heterozygotes have decreased
P5CD activities but do not have abnormalities in
plasma proline. At first sight, the finding of mild
hyperprolinaemia in six out of seven children tested
from a union between a mildly hyperprolinaemic
man (IV.71) and a woman with type II hyper-
prolinaemia (IV. 17) may suggest a causal link
between P5CD deficiency and mild hyper-
prolinaemia. Mild hyperprolinaemia occurred in the
face of normal leucocyte P5CD activities, however,
and normal concentrations of plasma P5C. Taken
together, these findings suggest that mild hyper-
prolinaemia and P5CD deficiency are not asso-
ciated. The physiological or biochemical basis for
mild hyperprolinaemia remains unelucidated.

It is in the larger context of the association, if any,
of clinical pathology to the metabolic abnormalities
in hyperprolinaemia that this pedigree is of special
interest. Only one of the seven previously reported
probands was identified by screening. In all the
others type II hyperprolinaemia was found by diag-
nostic studies for a clinical disorder-for example,
seizures. Thus an association between clinical sym-
ptoms and hyperprolinaemia could not be made
because of biased ascertainment. Moreover, the
identification of asymptomatic siblings with type II
hyperprolinaemia in certain pedigrees argues
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against a direct link to clinical symptoms.
Consequently, most investigators consider type II
hyperprolinaemia a benign disorder.' 9 11 12

In the present series, diagnostic studies in pursuit
of a causative factor for physical and mental
disability applied only to the proband. The other 13
subjects with type II hyperprolinaemia were disco-
vered during the survey of the proband's extended
family. Six of the seven adults among the 14 cases of
type II hyperprolinaemia are physically healthy and
pursued a normal life. The seventh adult was
severely handicapped mentally and suffered from
recurrent seizures. Furthermore, fertility and fetal
development were apparently normal as 18 children
were born to four women with type II hyper-
prolinaemia. The one child with congenital defects
and also the adult with severe mental handicap
probably were chance occurrences. Thus findings in
this pedigree generally support the prevalent belief
that type II 12hyperprolinaemia is a benign
condition.' 9 111

Nevertheless, there is a striking association
between type II hyperprolinaemia and childhood
seizures, at least in this pedigree. Four of the seven
adults had recurrent seizures in childhood. Five of
the seven children had a history of recurrent
seizures, often associated with fever, up to the age
of 7 years. The severity of these episodes was
attested by the necessity for their hospitalisation and
treatment with anticonvulsants. Importantly, there
is no association of mild hyperprolinaemia and
seizures.

It could be argued that the observed association of
seizures with type II hyperprolinaemia in this
pedigree was related to the unusual lifestyle of the
traveller population. Thus we surveyed a population
to serve as controls. With few exceptions, all
travellers available within the catchment area were
surveyed to minimise selection bias. There were 24
persons (4.2%) with a history of seizures among the
571 pedigree and non-pedigree travellers studied.
This percentage is similar to that reported by
Annegers et al from Rochester, Minnesota, where
the incidence of any type of seizure through age 20
years was 4.1%.22 When the occurrence of seizures
in the pedigree travellers is compared with that in
the non-pedigree travellers a significant difference is
shown (j2=9-58, p<0-01). In the pedigree group,
16 of 21 with seizures were among the 64 with raised
serum proline or prolinuria and the excess over the
expected in those with raised proline is accounted
for entirely by the group with type II hyper-
prolinaemia (fig 3).
What remains, therefore, is the explanation for

this documented association of seizures with type II
hyperprolinaemia in this pedigree. One possible

explanation is that linkage occurs at the genetic
rather than at the enzymatic level-that is, the pre-
disposition to seizures is unrelated to the metabolic
consequences of absent P5CD activity. Instead,
some other gene responsible for the inherited
tendency to seizures may be closely linked to the
gene for P5CD. Although there is no evidence
supporting this hypothetical linkage, it cannot be
ruled out.
A much more likely explanation is that the pre-

disposition to seizures is a consequence of the
metabolic derangement caused by the absence of
P5CD activity. Several of these derangements have
been shown by direct measurement in type II hyper-
prolinaemia including raised plasma and, pre-
sumably, cellular concentrations of proline and
pyrroline-5-carboxalate. Certainly, proline itself has
been found to be a neuromodulator,6 and specific
high affinity uptake mechanisms for proline
regulated by neuropeptides have been characterised
in brain synaptosomes.23

In addition, pyrroline-5-carboxylate, a constituent
of normal plasma,19 is a potent effector in transfer-
ring reducing-oxidising potential into cells.24 25 Its
uptake is mediated by a specific carrier mechanism
that transfers oxidising potential pari passu cell
entry.26 Due to this transfer of oxidising potential,
P5C appreciably effects glucose metabolism by
stimulating the activity of the pentose phosphate
shunt.242 Importantly, cultured human glioma
cells are very sensitive to this effect of P5C.27 It is
tempting to speculate that these effects of proline
and P5C, which have been shown in vitro, are
related to the predisposition to seizures. In the case
of P5C, its perturbation of glucose metabolism if
superimposed on hypoglycaemic and febrile
episodes, both common occurrences in childhood,
may be especially relevant in the association of
seizures with type II hyperprolinaemia.
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