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Genetically controlled variation is well established
for cholinesterase in human serum, now known as
acylcholine acylhydrolase (A.C.A.H., Enzyme Com-
mission No. 3.1.1.8). Stimulus for investigation
of variants of the enzyme arose from the observation
that one genetic variant designated as atypical was
responsible for prolonged apnoea following a
standard dose of the muscle relaxant, succinylcho-
line (Kalow and Staron, 1957). Details of classi-
fication of phenotypes and genotypes for variants
of cholinesterase and their relation to succinylcho-
line-sensitivity are summarized elsewhere
(Motulsky, 1964; Lehmann and Liddell, 1964;
Simpson and Kalow, 1966).
The atypical variant of the enzyme is recognized

by a low percentage inhibition of activity by dibu-
caine (known as dibucaine number or DN) when
benzoylcholine is used as substrate compared to
high inhibition for the usual type. The two forms
of enzyme are controlled by two allelic genes known
as Ela (for the atypical) and Elu (for the usual vari-
ant). Heterozygotes (ElUEla) are recognized by an
intermediate DN.

Subsequently, Liddell, Lehmann, and Silk
(1962) and Hodgkin, Giblett, Levine, Bauer, and
Motulsky (1965) described serum with no enzyme
activity towards benzoylcholine, the gene for which
the former authors named 'silent' (Els). Goedde,
Gehring, and Hofmann (1965a, b), however, have
evidence for minimal activity with benzoylcholine
from sera from two subjects who were thought to be
homozygous for the 'silent' gene. There is evi-
dence for allelism of the Els gene with Ela and Elu
genes (Simpson and Kalow, 1964).

Differential inhibition by sodium fluoride com-
bined with dibucaine inhibition has distinguished a
third variant of the enzyme known as 'fluoride re-
sistant' resulting from a gene known as Elf, with
evidence that it is allelic to El and E., (Harris and
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Whittaker, 1961,1962). As Whittaker (1967) states,
evidence for allelism of the E1f gene has been
meagre because of its rarity and complicated
enzyme kinetics rendering its recognition open to
errors.

In addition to enzyme variation controlled by the
four alleles at the E1 locus, Harris, Robson, Glen-
Bott, and Thornton (1963b) have described a variant
controlled by a dominant gene at a second locus
known as E2 and recognized by differences in
migration during starch gel electrophoresis (Harris,
Hopkinson, and Robson, 1962). The phenotypes
at the E2 locus are known as C5- for the commonly
occurring type and C5 + for the dominant variant,
and are not related to succinylcholine-sensitivity.
Other rare electrophoretic variants have been re-
ported (Neitlich, 1966; Ashton and Simpson, 1966).
The description of the following family ascer-

tained through an ElfEls propositus, who had had
prolonged apnoea after a standard dose of succinyl-
choline, is reported here as a second observation of
this rare heterozygote (the first is described by
Whittaker, 1967) and as additional evidence that the
Elf gene is at the E1 locus.

Methods and Material
Cholinesterase activity was measured spectrophoto-

metrically using benzoylcholine as substrate under
standard conditions at 260 C. (Kalow and Lindsay,
1955) and expressed for convenience as micromoles of
acetylcholine hydrolysed by one ml. serum at 370 C.
during one hour. Percentage inhibition of activity by
dibucaine (DN) and sodium fluoride (FN) were de-
termined under conditions described by Kalow and
Genest (1957) and Harris and Whittaker (1961). Classi-
fication ofphenotypes at E1 locus were made according to
Table I in a paper by Simpson (1966). All determina-
tions were made at least in duplicate.

Classification of phenotype at the E2 locus was made
after one-dimensional vertical starch gel electrophoresis
at pH 5-3, using a discontinuous buffer system as de-
scribed by Harris, Hopkinson, Robson, and Whittaker
(1963a).
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FIG. Segregation of four alleles at the E1 locus for serum cholinesterase in a single famnily. Transmission of the C5 variant at the E2
locus for serum cholinesterase occurs from II. 8 to III. 9.

The proposita was a 40-year-old woman born in
Greece who had 20 minutes' apnoea after 30 mg.
succinylcholine. Sera from other available members of
her family who are now living in Canada were studied.

Results

The propositus was classified as F phenotype
with a mean DN of 69 and a mean FN of 34 from
four determinations. A pedigree of the family
(Fig.) shows the genotypes and phenotypes of the
family members. Table I gives means for two to
four determinations of cholinesterase activity, DN,
and FN, as well as classification of phenotypes at
both loci and genotypes at the E1 locus for each of
the family members who were tested. Three
offspring (III. 5, 7, and 8) of the propositus (II. 7)
by her first husband (II. 6) were UF phenotype,
and her daughter (III. 6) was classified as U pheno-
type. Assuming allelism, the mother or propositus
was classified as an ElfEjs heterozygote to explain
the UF and U phenotypes in her children, and the
daughter who was U phenotype was classified as an

EluEjs heterozygote. Fortuitously, the propositus
remarried a man (II. 8) who was heterozygous for
the atypical and usual genes (EjuEla) and their son
(III. 9) was atypical phenotype which was classified
as El Els genotype. A brother (II. 2) of the pro-
positus was usual phenotype and a sister (II. 10) was
IF phenotype (heterozygous for E1f and El genes);
thus all four alleles Elu, El, Els, and Elf occurred
in the sibship of the propositus. Sera from the two
parents (I. 1 and I. 2) were unfortunately not avail-
able for testing.

In addition, the C5 + variant was observed in the
second husband (II. 8) of the propositus and his son

(III. 9). All other members of the family were

C5 -.

Discussion
The distinction of UF (ElUEjf) heterozygotes

from U (EluEju) homozygotes and ElUE1a hetero-
zygotes is not always satisfactory. For 39 UF
phenotypes in this laboratory the mean DN is 75
and the mean FN is 44 (Table II). These means
are derived from inhibition data for UF phenotypes
for which there is also genetic evidence for the UF
phenotype such as an IF or F parent or an individual
who has a parent and child who are unequivocally
heterozygous for the Elf gene. The upper ranges

TABLE I
CHOLINESTERASE DATA

PHENOTYPES AND GENOTYPES OF MEMBERS OF
FAMILY PEDIGREE (Fig.)

Units of ~~~Geno-Family Members UActitysf DN FN Phenotype typeActivity E1 locus

11.2 133 82 I 61 U C5- E,uE1s11.7 92 69 34 F C5- E,uE1f
(propositus)

I. 8 201 63 43 I C5+ EjuEja
I. 10 126 50 25 IF C5- E,aE,fIll. 2 112 80 60 U C5- E,uE,?111.5 262 75 41 UF C5- E,uE,fIII. 6 115 83 58 U C5- E,uE,sIII. 7 150 75 45 UF C5- E,uE,fIII. 8 184 76 45 UF C5- E1uE,fIII. 9 97 30 25 A C5+ E,aE,sIII. 10 189 75 46 UF C5- E,uE,fIII. 11 159 65 45 I C5- E1uE,aIII. 12 273 76 39 UF C5- E,uE,fI1 13 233 75 44 UF C5- E,uE,f

TABLE II
CHOLINESTERASE ACTIVITY, DN, AND FN

FOR 39 UF PHENOTYPES

Mean Standard Standard Range

Units 201-5 +57-7 ±9-2 92-327
DN 74+5± 198 ±063 71-79
FN 44-3 ± 3-9 ±0-6 38-51
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266 Nancy E. Simpson

of DN (79) and FN (51) for UF phenotypes, how-
ever, overlap with the lower ranges for U pheno-
types which are taken from Canadian families in
which there is no genetic evidence that an Elf gene
is in the family (N. E. Simpson, 1967, unpublished
data). The lower ranges of 71 for DN and 38 for
FN overlap with those for I phenotype in Canadian
families in which there is distinct evidence for the
El gene in the family. Classification of F pheno-
type is distinct from other phenotypes.

Classification of III. 6 as usual phenotype and III.
5, 7, and 8 as UF phenotypes, however, is unequi-
vocal from inhibition data, and the phenotypes of
the offspring may be explained if ElfEls is the geno-
type of the propositus. In addition, DN sharply
distinguishes the atypical phenotype in the son (III.
9) by her second husband who was intermediate
phenotype, confirming that the propositus has an
Els gene. Atypicals who are ElaEls heterozygotes,
such as the son (III. 9), are well known, resulting
from EluEls x EluEla matings or as parents of
children with usual esterase (Kalow, 1959; Harris,
Whittaker, Lehmann, and Silk, 1960; Liddell et al.,
1962; Simpson and Kalow, 1964; Szeinberg,
Pipano, Osterfeld, and Eviatar, 1966; Dietz,
Lubrano, and Rubinstein, 1965; Thompson and
Whittaker, 1966).

Allelism of the E1l gene to the El and Elu genes
was suggested by Harris and Whittaker (1962) based
on data from two IF x U (ElaElf x EluElu) matings;
one type of mating which is critical for testing the
hypothesis. Table III shows that the ratio of
17 UF (E,uElf): 17 I (EluEla) offspring has now been
observed by pooling published data and data from
this laboratory from 11 IF x U matings (Harris and
Whittaker, 1962; Liddell, Lehmann, and Davies,
1963; Lehmann and Liddell, 1964; Whittaker,
1967; N. E. Simpson, 1967, unpublished data).
The offspring of the sister (II. 10) of the propositus
who is phenotype IF are included in Table III.
Additional evidence for allelism comes from the

TABLE III
RATIO OF CHOLINESTERASE TYPES

IN OFFSPRING OF IF(E,aE1f) x U(E,uE,a) MATINGS

No. Of Offspring
Families Reference

I(EjuEla) UF(EjuEjf)I
2 5 5 Harris and Whittaker (1962)
2 3 3 Liddell et al. (1963)
1 1 1 Lehmann and Liddell (1964)
3 3 3 Whittaker (1967)
3 5 5 N. E. Simpson (1967, unpub-

lished data)
11 17 17 Total

observation of five F homozygotes (Liddell et al.,
1963; Whittaker, 1964; Simpson and Kalow, 1965;
Griffiths, Davies, and Lehmann, 1966).

Since Els was established as an allele in this sys-
tem (Liddell et al., 1962; Simpson and Kalow,
1964), the ElfE1s genotype was predicted and direct
observations of the phenotype, one by Whittaker
(1967) and the present one, are additional confirma-
tion of the allelic hypothesis.
The genotypes of generation II in the present

family led us to conclude that one parent was
EjuElf and the other ElaEjs genotype, assuming
that the allelic hypothesis is correct. Unfortu-
nately, their sera were not available to confirm the
prediction.
The propositus had moderate apnoea (20 minutes)

after 30 mg. succinylcholine, which is the type of
reaction which Lehmann and Liddell (1964) pre-
dicted for the genotype. Whittaker's (1967) ex-
ample of E1fEls genotype was not selected by the
drug reaction and hence her succinylcholine-sensi-
tivity is not known.

Summary
A family is described in which six genes for serum

cholinesterase occur.
The propositus is the second person reported

who is heterozygous for the silent (Els) and fluo-
ride-resistant (E1f) genes, and the first reported to
have prolonged apnoea following a standard dose of
succinylcholine.

Difficulties in classification of the fluoride types
are discussed.
The genotype of the propositus along with other

pertinent data are discussed as evidence for the
fluoride-resistant gene being allelic to the usual,
atypical, and silent genes for serum cholinesterase.

We are most grateful to Dr. P. E. Otton, Department
of Anaesthesia, Royal Victoria Hospital, Montreal, for
sending us serum from the propositus and his help in
collecting sera from members of the family. The assis-
tance of Miss K. Walmsley, Miss L. Donald, and Mrs.
A. Smith is acknowledged.
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