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Our laboratory has recently shown that several variant forms of 
human butyrylcholinesterase, associated with unusual sensitivity to 
succinylcholine, are caused by specific mutations within the struc- 
tural DNA coding for this enzyme. Atypical (dibucaine-resistant) 
butyrylcholinesterase is caused by a point mutation at nucleotide 
position 209(GAT-->GGT), which changes aspartate 70 to glycine. 
One fluoride-reSistant ~"&riant family has a point mutation at nucle- 
otide 728(ACG-->ATG), which changes threonine 243 to methion- 
ine. Another'ffype of'fluoride-resistant variant has a point mutation at 
nucleotide 1169(GGT-->GTT), which changes glycine 390 to valine. 
One type of silent'-phenot~pe is due to a frame-shift mutation at 
nucleotide position 351(GGT-->GGAG). A polymorphic site at nu- 
cleotide position 1615 (GCATACA), co-5"ding for AlaJThr, accounts for 
the quantitative K-variant, wl~ch causes an approximate one-third 
reduction of activity, if Thr occupies that position at codon 539. 
Examples are given to illustrate the advantages of using a combina- 
tion of the new DNA analytical techniques, including: the use of 
allele-specific probes, with the standard serum cholinesterase phe- 
notyping methods. More accurate typing of patients with certain 
variants is now possible; pedigree analysis will be aided by the 
improved methodology. 

KEY WORDS: butyrylcholinesterase variants; atypical 
variant; fluoride variant; K-variant; silent variant; struc- 
tural DNA mutation; polymerase chain reaction; succinyl- 
choline sensitivity. 

Introduct ion  

H uman serum butyrylcholinesterase (BChE),* 
also called cholinesterase, pseudocholines- 

terase, and nonspecific cholinesterase (EC 3.1.1.8), 
is believed to be synthesized in the liver (1). In 
serum, it is present mainly as a tetrameric glycopro- 
tein, containing four identical subunits; each sub- 
unit has one active catalytic site. The molecular 
weight of each subunit  is 85,534, and of the tet- 
ramer, 342,136 (2). 
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Of clinical interest is this enzyme's special role in 
the hydrolysis of drugs, such as, succinylcholine; 
and changes in its serum level, primarily decreases 
in activity caused by: liver disease, other general- 
ized infectious diseases, and exposure to a number of 
drugs and agents, such as, the organophosphate 
insecticides (1). 

A physiological function for serum BChE has not 
been clearly established. Recent studies suggest 
that  BChE participates in neurotransmission in the 
smooth muscle of canine tracheal ring preparations 
(3). BChE and acetylcholinesterase are very similar 
in structure and properties (4). The two enzymes 
have a high degree of structural homology in their 
amino acid sequences; they presumably arose by 
gene duplication. 

The importance of BChE in the hydrolysis of 
several drugs, particularly succinylcholine, is well 
established. The classical pharmacogenetic studies 
by Kalow et al., during the 1950's (5), made it 
clear that  people with a hereditary deficiency in 
their serum BChE show an exaggerated response to 
succinylcholine, if given the standard amount of 
this muscle relaxant. These patients developed a 
prolonged paralysis of the respiratory muscles, 
and required artificial respiration for several hours, 
until the drug effects gradually wore off. Kalow and 
Genest (6) developed a simple serum test that  
detected the atypical BChE, and thus identified 
the susceptible individuals, by the atypical BChE 
response to dibucaine (the Dibucaine Inhibition 
Test). The dose-response relationship between BChE 
activity and duration of clinical effects of succinyl- 
choline has been carefully analyzed by Viby- 
Mogensen (7). 

For much of the past 30 years, the dibucaine 
inhibition number, fluoride inhibition number, and 
a measurement  of the level of serum BCh_E activity 
have provided sufficient information to identify most 
of the known BChE phenotypes associated with 
succinylcholine sensitivity. However, during the last 
10-15 years, several additional BChE variants  have 
been discovered. Most of these are rare; the K- 
variant  is the most common variant  (22% of the 
general population is heterozygous, and 1.5% ho- 
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TABLE 1 
Genetic Forms and Variants of Human Butyrylcholinesterase 

Name and Gene 
Characteristics" Frequency Investigators b 

Usual 0.870 

K-variant (quantitative; 
activity reduced 1/3 } 0.113 

Atypical (dibucaine- 0.017 
resistant} 

Silent Inone, or very low 
activity; several types) 

Fluoride-resistant 

J-variant (quantitative; 
activity reduced 2/3) rare 

H-variant (quantitative; 
activity reduced 90c~) rare 

Newfoundland rare 

1:100,000 

1:150,000 

Rubinstein et al. (8); 
Whittaker and Britten (9} 

Kalow and Staron (10); 
Kalow and Gunn (11) 

Liddell et al. (12) 

Harris and Whittaker (13) 

Gary et al. (14) 
Evans and Wardell (15) 

Whittaker and Britten (16) 

Simpson and Elliot (17) 

Cynthiana (high activity) 

German high activity 
variant 

South African variant (high 
activity; Johannesburg) 

4 families Neitlich ~18) 
Whittaker (1 } 

2 families Delbruck and Henke1119) 

1 family Krause et al. (20) 

aFurther details on these variants are given in (1). bNumbers in paren- 
theses refer to reference citations. 

mozygous for this variant). Total variants have 
increased to approximately 10 (Table 1) (8-20). The 
exact number is uncertain because it is not known 
whether all of these described, and given different 
names, represent entirely new types. The larger 
number of variants has greatly increased the com- 
plexity of phenotyping individuals. In fact, it is no 
longer possible to even predict the number of indi- 
viduals expected for each genotype, because some of 
these unusual characteristics are inherited in tan- 
dem, due to linkage disequilibrium. Presently, the 
standard serum tests can clearly identify only about 
half  of the BChE variants. The standard tests are 
particularly deficient in identifying the genotypes 
representing q u a n t i t a t i v e ,  rather than q u a l i t a t i v e  
variants. 

We will demonstrate how butyrylcholinesterase 
variants can be analyzed at the DNA level, and how 
new analytical methods, based upon this knowledge, 
are now being developed to improve and simplify the 
problem of identifying individual BChE phenotypes 
and genotypes. 

Background 

Butyrylcholinesterase is present in human serum 
in very low concentration (approximately 5 mg/L); 

it has, therefore, been impractical to purify variant  
BChE enzymes from serum and identify the abnor- 
malities directly in their amino acid composition. 
Thus, it was necessary to indirectly determine the 
structural defects in the variant  enzymes by com- 
paring the DNA sequence coding for the variant  
proteins with the corresponding sequence for the 
usual BChE, to deduce the amino acid change in the 
variant proteins. 

ATYPICAL BUTYRYLCHOLINESTERASE 

The approach outlined above required that  we 
determine the amino acid sequence of pooled usual 
human serum butyrylcholinesterase (21), clone the 
BCHE gene from a human brain cDNA library 
(22,23), and identify the difference in the butyryl- 
cholinesterase DNA sequence from a person ho- 
mozygous for atypical BChE (24). Direct sequencing 
of the atypical genomic DNA revealed a change in 
only one of the 1722 nucleotide bases coding for 574 
amino acids of the atypical BChE sub-unit. This 
point mutation, however, produced the critical dif- 
ference in one of the atypical amino acid (dibucaine- 
resistant) variant  enzymes. The mutat ion was at 
nucleotide 209(GAT->GGT), which changed amino 
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Figure 1--Schematic representation of exon 2 of the human butyrylcholinesterase gene. The hatched region represents the 
signal peptide. 70 Asp is the site of the atypical cholinesterase mutation, and 198 Ser is the active center serine. AP1 and 
AP2 are the amplification primers for PCR amplification of the segment about the atypical mutation site, and IP1 and IP2 
are the internal sequencing primers. From McGuire et al. (Ref. 24}. 

acid 70 from aspartate  to glycine. To verify that  this 
point mutat ion was consistently associated with the 
atypical characteristics, we examined over 30 addi- 
tional atypical individuals (both homozygous and 
heterozygous for the atypical trait) from other fam- 
ilies. To do this efficiently, and to avoid making 
genomic libraries for each person, we used the 
polymerase chain reaction (PCR) amplification tech- 

nique (24) to amplify a 187bp DNA segment, which 
bridges the region around nucleotide 209 (Figure 1). 
The amplified DNA fragments were directly se- 
quenced using internal primers IP1 and IP2 (Fig- 
ures i and 2). We demonstrated that  this same point 
mutat ion occurred in single or double dose; this 
paralleled the heterozygous or homozygous atypical 
serum phenotype in every instance (24). The modi- 

UU UA AA 
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Figure 2--DNA sequences seen by direct sequencing of AP1 and AP2 PCR-amplified blood leukocyte genomic DNA from 
individuals representing the usual (UU, left); usual-atypical heterozygous (UA, middle), and atypical (AA, right) 
phenotypes. Arrows mark the nucleotides at position 209 characteristic of the corresponding genotypes. From McGuire et 
al. (Ref. 241. 
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Figure 3--Structural characteristics of the human butyrylcholinesterase gene. The three introns are represented by 
triangles, and the coding region for the mature BChE protein is represented by the dotted portion. The leader sequence 
is indicated with horizontal bars. Amplification primers for exon 2 (AP3 and AP4), exon 3 (APll and AP12), and exon 3 
(AP5 and AP6) are indicated by arrows. Modified from Ref. 27. 

fication in structure (loss of an acidic residue; Asp to 
Gly) presumably affects the anionic site of the active 
center. This may be a reasonable explanation for the 
atypical enzyme's reduced affinity to choline esters, 
particularly succinylcholine. We conclude tha t  Asp 
70 occupies an important position within, or very 
near, the anionic site of human ChE. 

OTHER STRUCTURAL VARIANTS 

We are currently using a similar approach to 
determine the DNA modification in a number of the 
other BChE variants. 

We have determined the location and size of the 
three introns in the human BChE gene (25), and we 
have sequenced portions of the introns adjacent to 
the intron-exon junctions. Thus, it is practical to use 
genomic DNA with the PCR amplification tech- 
nique, to amplify the entire length of the three exons 
(exons 2, 3, and 4), and to prepare these three 
segments for sequencing the whole coding region of 
the mature ChE. This requires only small whole 
blood samples from individuals with variant  forms 
of the enzyme, as a source of genomic DNA (26). The 
introns are located at nucleotide positions: -93 (In- 
tron 1); 1433 (Intron 2); and 1600 (Intron 3). These 
positions are shown schematically in Figure 3, as 
are the amplification primers used for each of the 
three exon regions. The PCR amplified segments 
corresponding to exons 3 and 4 are relatively short: 
187 and 266 bp, respectively; they can be directly 
sequenced using sets of internal primers IP11, IP12, 
and IP5, IP6, which are each internal to amplifica- 
tion primers of the same number shown in Figure 3. 
Exon 2 is much longer, approximately 1.5 kb. Even 
though we have had some success with direct se- 
quencing using primers distributed every 200-300 
bases along that  segment, the PCR amplified DNA 
is generally not clean enough to give unambiguous 
direct sequencing information. Some of the variants 

to be analyzed are very rare, and available only in 
the heterozygous state. It is important, therefore, to 
have a very efficient method of examining the se- 
quence of exon 2 from these variant  samples, with- 
out confusion by shadow bands. The presence of an 
extra base (heterozygosity) at the same level as the 
wild type nucleotide is used to identify and charac- 
terize the variant  allele (Figure 2). 

As illustrated in Figure 3 (27), we amplify exon 2 
with amplification primers AP3 and AP4; Each of 
these are constructed to contain a restriction site 
(Hind III and Kpn I, respectively), so tha t  the 
amplified segment of approximately 1500 bp can be: 
1) sequenced directly with a series on internal 
sequencing primers located about every 200 bp apart; 
or 2) excised and ligated in a forced orientation in 
phage M13 (28), so that  single strands, representing 
the two alleles can be sequenced; or 3) the sticky 
ends can be filled in, and the blunt ended segments 
ligated into phage M13; the orientation of the latter 
segments then can be identified using the universal 
primer. The exact sequences of all these primers are 
given in Table 1 (24). 

There are occasional errors in DNA sequencing, 
due to incorrect reading by DNA polymerase I 
(Klenow fragment), or PCR amplification by Taq 
polymerase (29); therefore, any mutat ion found must 
be verified by repeating the amplification, and find- 
ing the same mutat ion in other family members 
with the particular phenotype under study. The 
PCR technique is also subject to contamination by 
other DNA, and precautions must  be taken to avoid 
this complication (30). 

Methods 

PREPARATION OF SPECIFIC PROBES AND PRIMERS 

Oligonucleotides for DNA amplification, sequenc- 
ing, and 32p or biotin-labeled, allele-specific probes 
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TABLE 2 
Structural Basis of Some Human Butyrylcholinesterase Variants 

Common 
Name 

Protein 
Alteration 

Phenotypic Recommended (Amino Acid 
Description Name a Change) 

DNA Mutation 
(5' to 3') 

Atypical Dibucaine- Atypical-1 70 Asp->Gly nt209(GAT to GGT) 
Resistant -- -- 

Silent Silent, No Silent-1 117Gly->Frame nt3511GGT to GGAG} 
Activity Shift - 

Fluoride Fluoride- Fluoride-1 243Thr->Met nt728(ACG to ATG) 
Resistant 

Fluoride Fluoride- Fluoride-2 390Gly->Val nt1169(GGT to GTT) 
Resistant 

K-variant K-polymorphism K-variant 539Ala->Thr ntI615(GCA to ACA) 

aFrom Ref. 32. 

were synthesized by the University of Michigan 
DNA Synthesis Facility. In some instances, the 
oligonucleotides were purified on HPLC in our lab- 
oratory. We prepared 19-mer, allele-specific, oligo- 
nucleotide probes, biotinylated at the 5' terminus 
(31), with the center nucleotide complementary to 
the mutant ,  or wild type nucleotide. 

ASSAYS WITH ALLELE-SPECIFIC, BIOTIN-LABELED PROBES 

This method will be published in detail, but the 
principle is summarized as follows: Hind III digested 
genomic DNA segments about 200 nucleotides in 
length (which contain the region of the point muta- 
tion), are amplified by the PCR technique; duplicate 
aliquots of the amplification mixture are dot blotted 
on nitrocellulose sheets. The DNA dots are cut out in 
1 cm 2 squares; each is placed in its own well in a 
multicompartment,  tissue culture plastic dish. After 
prehybridization washes, each sample is hybridized 
with the appropriate biotinylated probe for 1 h, at a 
temperature, and buffered salt concentration prede- 
termined to be optimal for allele-specific hybridiza- 
tion. After posthybridization washes, an avidin- 
alkaline phosphatase (AP) reagent is added. Washings 
remove any excess avidin-AP reagent; the standard 
AP substrate and analytical reagents are added. 
Color appears within 5 min, and reaches a maxi- 
mum intensity at about 20 min, with strong color 
(dark blue) in the positive reaction wells; no color is 
seen in negative controls. Standards representing 
the three possible genotypes, are run simultaneously 
with each analysis. A "stop" reagent is added to 
preserve the test results for several weeks, if stored 
in the dark, in the refrigerator. 

Results  

PRELIMINARY RESULTS ON OTHER VARIANTS 

In addition to the DNA alteration responsible for 
the atypical variant,  we have found several other 

mutations that  account for other BChE variants 
(Table 2) (32). 

ONE TYPE OF SILENT PHENOTYPE 

A frame-shift mutat ion at nucleotide position 351, 
which changes codon 117 from GGT to GGAG (24,33), 
explains one type of silent phenotype. Presumably 
there are several molecular types of silent muta- 
tions (1). Since the frame-shift mutat ion creates a 
stop codon, approximately 12 amino acids farther 
along, the mutan t  sequence could not produce any 
active BChE. Evidence now supports that  there is 
only a single gene for human BChE (25). Individuals 
homozygous for this silent mutat ion should have no 
active cholinesterase in their tissues. Two members 
of one pedigree are homozygous for this defect; they 
will be ideal subjects to investigate any reasonable 
theories concerning possible physiological functions 
of BChE. 

Two TYPES OF FLUORIDE-RESISTANT VARIANTS 

One structural mutat ion at nucleotide 728(ACG 
to ATG; Thr to Met at codon 243) was found in f-wo 
mem-Sers of one family with the fluoride-resistant 
trait. However, this mutat ion has not yet been 
detected in any other fluoride variant  families. Un- 
til we find it in at least one other family, we consider 
it to be a provisional explanation for one type of 
fluoride variant.  We are convinced, however, that  
the fluoride variant  phenotype, which is character- 
ized by a higher than normal Km for benzoylcholine 
and other choline ester substrates, is composed of 
more than one DNA defect. 

Recently, we identified another point mutat ion in 
members of another family carrying the fluoride 
variant. This mutat ion affects amino acid 390, and 
changes glycine to valine (Table 2). We are cur- 
rently examining members of other families pheno- 
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GENOTYPES 

Thr/Thr 

PROBES 

A T 

g 
PROBES 

A T 
GENOTYPES 

Ala/-Ihr 

Ala/Thr AlaJAla 

Ala/Ala 

J 

,.J 
Thr/-l-hr 

Standard Sets Unknown Sets 

Figure  4 - - A n a l y s i s  of the Ala/Thr  polymorphism with al lele  specific, b io t iny la ted  19-mer oligonucleotide probes. This 
polymorphism is determined by the particular nucleotide at position 1615: GCA codes for 539 Ala, and A_CA for 539 Thr. 
The BChE K-variant is characterised by threonine at this location (34L Probe A = Ala-specific probe; Probe T = 
Thr-specific probe. 3 Standard genotype sets, tested with both probes, are shown on the left: Homozygosity for Thr is 
illustrated at the top; heterozygosity (Thr/Alal in the middle, and homozygosity for Ala at the bottom. Three unknown 
DNA samples are analyzed with both probes on the right: The upper set is from a heterozygous individual, the middle set 
is from a person homozygous for Ala, and the lower set is from a person homozygous for Thr. These probe test results were 
verified by directly sequencing the amplified DNA. 

typed as fluoride-resistant variants,  to determine if 
they have ei ther of the two above-mentioned muta- 
tions. 

THE K-VARIANT 

The structural  basis for the K-variant  was discov- 
ered unexpectedly (34). When we were analyzing the 
DNA basis for possible polymorphic sites in the 
BChE coding region, and measuring the allelic fre- 
quencies, one was identified at nucleotide 1615 (in 
exon 4). The polymorphic forms of the enzyme (Ala/ 
Thr) at position 539 depend on the nucleotide base 
present at position 1615 (GCA/ACA, respectively) 
(34). We noted that  the-f requencies  of the two 
alleles, determined by analyzing the DNA sequence 
at 1615 after PCR amplification of exon 4 in 40 
normal people, were 0.1125 and 0.8875 for the bases 
coding for Thr  and Ala, respectively. This agreed 
very closely with the gene frequency calculated for 
the K-variant  (9), if Thr  at position 539 produced 
BChE with K-variant  characteristics: one-third less 

activity, but having the same quality as usual BChE 
(81. Additional studies in recent months have sup- 
ported this hypothesis. 

Until now, phenotyping the K-var iant  in serum 
samples has been very difficult; it could be identified 
only in combination with the atypical allele (AK). 
This mixture should have a lower dibucaine number  
than AU serum: approximately 56, ra ther  than 62. 
When the K-variant  is present  alone (homozygous 
KKI, or in combination with usual BChE, (UK), the 
K-variant  confers no unusual,  quali tat ively differ- 
ent features; (UKt serum would be typed as (UU) 
serum. Since it is a quantitative variant,  it seems 
very unlikely that  any suitable method, based upon 
substrates or inhibitors, is likely to be successful in 
identifying the K-var iant  by a serum phenotyping 
test. The active center and kinetic properties of the 
K-variant  appear to be identical with the usual 
enzyme. 

For this reason, we recently prepared allele-spe- 
cific, nonradioactive, biotinylated probes for the 
DNA sequences responsible for the two al ternat ive 
amino acids at the 539 polymorphic site (Figure 4). 

428 CLINICAL BIOCHEMISTRY, VOLUME 23, OCTOBER 1990 



DNA BASIS OF B U T Y R Y L C H O L I N E S T E R A S E  V A R I A N T S  

We can now type individuals for the K-variant by 
amplifying the 266 bp segment of digested genomic 
DNA from blood leukocytes by the PCR, and by 
hybridizing with the above probes. There has been 
perfect agreement between this new method with 
the allele-specific probes and analysis by direct 
sequencing of that  DNA region. Typing of the K- 
variant  by this new technique will allow us to 
determine whether  the K-variant occurs regularly 
with other BChE variants, and allow us to study the 
observed linkage disequilibrium between the atypi- 
cal and K-variants. Over 90c2 of the atypical muta- 
tions have been linked in tandem with the K- 
variant. 

For the first time, it is possible to identify individ- 
uals who are homozygous for the K-variant, and who 
have the usual BChE phenotype. The K-variant is 
not only the most frequently found variant  of BChE 
yet identified, but  it represents one of the most 
common enzyme polymorphisms in man. Its signif- 
icance is entirely unknown. 

ALLELE-SPECIFIC PROBE FOR THE ATYPICAL MUTATION 

We have also developed a biotinylated, allele- 
specific probe for the atypical allelic sequence. We 
will use it to identify any atypical phenotypes that  
might arise from a mutation different than the 
regularly encountered nucleotide 209 defect. This 
probe will also make it possible to identify which 
atypical subjects are actually atypical silent (AS), 
rather  than homozygous atypical (AA), based on 
their genetic heterozygosity. They should be UA at 
the 209 nucleotide position, even though their se- 
rum phenotype would be like that  of an (AA) ho- 
mozygous person. For the first time, the above 
combination of allele specific probes and serum 
phenotyping permits a diagnostic test capable of 
distinguishing between (ASI and (AA) genotypes. 
This may be useful in the analysis of some pedi- 
grees, and in counseling patients and their relatives 
about possible sensitivity to the drug, succinylcho- 
line. 

Discuss ion  

It is now useful to establish DNA structural  
criteria for classifying the genotypes responsible for 
the various human serum BChE phenotypes be- 
cause: 1) a growing number of variants make it more 
difficult to be sure that  any additional variants 
reported are really new, and represent different 
structural mutat ions than those already known; 2) 
it is difficult to detect quantitative variants by any of 
the present serum phenotyping methods. Unlike the 
hemoglobins and a number of the red blood cell 
enzymes (such as glucose-6-phosphate dehydroge- 
nase), which have many variant  forms that  have 
been generally characterized by their differences in 
amino acid sequence, the BChE variants  occur in 
such low concentration in serum that  it is easier to 

move directly to a structural classification, based on 
their DNA sequence. If the series of quantitative 
variants (K-, J-, H-, and others) differ primarily in 
regions which affect the half life, or stability of the 
enzyme, but  do not influence the catalytic activity, it 
is doubtful that  any practical phenotyping method 
can be developed for their identification by simple 
serum testing. For these variants, the use of nonra- 
dioactive, colorimetric, allele-specific probes will prob- 
ably become the detection method of choice within a 
few years. 

Variants that  differ catalytically from the usual 
BChE, because of Km or Ki differences with selec- 
tive substrates or inhibitors (i.e., atypical, and the 
fluoride variantsl, will continue to be detected most 
conveniently by the present or improved phenotyp- 
ing tests with serum. The allele-specific probes should 
be helpful in developing more selective phenotyping 
methods, because the probes can identify which sera 
represent the different subtypes, based on particular 
DNA mutations. The challenge will be to see whether 
the subtypes can be distinguished by improved cat- 
alytic tests. We are studying the two (or more) 
subtypes of fluoride-resistant variants  in this re- 
spect. 

Another application of the allele-specific probes 
will be to distinguish various subtypes within the 
silent phenotype. Presumably,  several different si- 
lent genotypes are represented (35). This conclusion 
is based upon immunotitrat ion of the crossreacting 
material,  and measurement  of the very low, as 
opposed to no, BChE activity in sera. 

A further advantage of the DNA-based classifica- 
tion of the cholinesterase variants is that  designa- 
tion of BChE phenotypes, by the currently used 
standards, assumes that  all the variants represent 
allelic alternatives at the same genetic locus; thus, 
identification of any two such variant  traits defines 
a person's BChE genotype. Our preliminary studies 
show that  the "allelic" traits are each determined by 
specific point mutations, or changes in a few bases, 
at particular sites within the coding region of the 
BChE gene. Thus, several BChE structural muta- 
tions can co-exist independently, on the same chro- 
mosomal strand. Being "atypical" (Gly at amino acid 
residue 70t does not exclude also having the K- 
variant  (Thr at amino acid residue 539) on the same 
piece of DNA. The exact locations of the point 
mutat ions are distinct, but  very closely linked within 
the BChE genome; this accounts for the pronounced 
linkage disequilibrium we have observed. This, of 
course, would be expected for such closely linked 
genetic markers. 

Clearly, clinical laboratories will need to perform 
both standard phenotyping methods with the serum 
BChE and the new DNA structural  analyses, using 
blood cell genomic DNA, PCR amplification, and 
allele-specific probes to diagnose some of the geno- 
types responsible for BChE variants. 

Lastly, the new methods we are developing for 
identification of BChE mutat ions at the DNA level, 
and their detection with nonradioactive, allele-spe- 
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cific probes,  should h a v e  wide appl icab i l i ty  for m a n y  
o ther  inhe r i t ed  metabo l ic  disorders ,  a b n o r m a l i t i e s  
in d rug  m e t a b o l i s m  enzymes ,  and  o the r  p h a r m a c o -  
genet ic  condit ions caused by point  mu ta t ions ,  f rame-  
shif t  mu ta t ions ,  or dele t ions  in the  D N A  coding for 
enzymes  and  receptor  prote ins .  
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