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RapIdDIagnosIsof Mitochondrlal
Mutation at PosItIon 11778AssocIated Leber Hereditary Optic
Neuropathy
To the Editor:
Labor hereditary
optic neuropathy
is a maternally inherited disease associated with mutations
of mitochondrial DNA (1,2). A G to A substitution
at position 11778 converts a highly
conserved arginine to histidune in the
fourth subunit of NADH dehydrogenase (EC 1.6.99.3). This mutation
causes the loss of an SfaNI restriction
site (1) and creates a new Mae III
restriction site (3).
We developed a rapid detection of

this mutation by a simplification of
DNA extraction followed by polymersee chain reaction (PCR) amplification
(4) and digestion with restriction enzymes, SfaNI or Mae Ill.
Frozen EDTA-anticoagulated
blood
samples (20 1tL) were treated three
times with 1 mL of a solution of 10
mmol of TrisHCl
and 1 mmol of
EDTA per liter (pH 8.0) at 4#{176}C.
After

centrifugation at 11 000 x g for 2 miii,
the pellet was frozen at -70#{176}C
for 5
mm, then heated at 95#{176}C
for 5 mm,
after which PCR amplification was
performed without delay.
Primer sequences used for this purpose were 11618-11637 (light strand;
5’-GCATACTCTFCAATCAGCCA-3’)
and 11893-11874 (heavy strand; 5’rFCTCCCAGTAGGTTAATAG-3’).
The following solution was prepared:
per liter, 200 pmol of each deoxynucle-
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FIg.1. Polyacrylamldo gel electrophoresisof
restrictiondigests with enzymes SfaNl or
Mae Illfrom a normal individual (N) andfrom
two patients with Leber disease, one being
homoplasmic (L) and the other one heteroplasmlc (Ui)
C Isa controlcorrespondingto undigested amplified DNA

the last cycle, annealing was carried
out at 52 #{176}C
for 1 miii and extension at
72#{176}C
for 5 miii. After PCR, 10-L
samples from the PCR mixture were
digested for 2 h with 1.5 U of restriction enzyme, SfaNI (New England
Biolabs, Beverly, MA) or Mae HI
(Boehringer).
The digested products
rated by electrophoresis,

were sepaeither

aga-

rose or 5% polyacrylamide gel. Agarose electrophoresis was performed as
described by Wallace et al. (1). Polyacrylamide
gel electrophoresis (PAGE)
was performed in 20 mmol/L Tris, 180
mmol/L glycine buffer (pH 9.0) for 4 h
at 180 V. PCR products stained with
ethidium bromide were made visible
by transilluinination in an ultraviolet
light box. Figure 1 illustrates the PAGE
patterns obtained with mitochondrial

DNA from two patients with Labor
disease and from one normal individual. By agarose electrophoresis, the
separation
between
the 119- and
124-bp fragments
was not so sharp

sium chloride, 0.1 g of gelatin, and 10
mmol of Tris HC1 (pH 8.3). We added

took only 1 h.

(data not shown), but the separation
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DNA Polymerase (from Perkin Elmer
Cetus, Norwalk, CT, or Boehringer) to
the blood pellet and subjected the mix-
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Multiple Serum Protein
Abnormalities In
Carbohydrate-DefIcIent
Glycoprotein Syndrome:

PathognomonlcFindingof
Two-DImensIonal Electrophoresls?
To the Editor:
We wish to report that high-resolution two-dimensional
polyacrylamide
gel electrophoresis
(2DE) and silver
staining yields a potentially pathognomonic profile of multiple serum protein anomalies in carbohydrate-defi
cient glycoprotein syndrome (CDGS).
CDGS is a recently described chroni

cally debilitating autosomal recessiv
neurometabolic disorder that aff
multiple organ systems (1-5). One o
the hallmarks of this disease is th
occurrence of cathodal, carbohydra
deficient isoforms of serum transfe
(CDT) that lack between one and fo
sialic acid-containing terminal tn
chanides (6). The methods used to d
tect CDT have been isoelectric f
ing with or without immunofixation
isocratic
anion-exchange
chromatog
raphy, and carbohydrate analysis
ten isolation of transferrin
by immu
noaffinity chromatography
(6). In
cases of CDGS, the increased concen
tration of the cathodal CDTs ex
that usually seen in alcoholism or
vere liver disease (7).

We undertook the present study
determine whether these CDT i
forms could be qualitatively
de
with 2DE in serum from a 24-mon
old girl whose clinical findings of’flo

development, cenebeland metabolic
crises
were consistent with the diagnosis of
CDGS. We used the 180 x 180 x 1.5
mm Anderson ISO-DALT 2DE system
(8, 9) with silver staining and slight
procedural modifications
for improved
quality assurance (10). Our findings
(Figure 1) revealed not only CDTs but
also abnormalities
in the spot patterns
for a1-acid glycoprotein (AAG), a1-antichymotrypsin
(ACT), a1-antitrypsin
(A1AD,
a1-B glycoproteun (A1BG),
ceruloplasmin
(Cp), complement
Cl
esterase inhibitor (C1INH), complement C3a (C3a) and C4a (C4a), and
the serum peptide PLS:34 (11). In contrast to the observation
of isoforms
that
had both charge
and mass
changes, as was seen for transferrun,
some of the abnormal
isofonms observed for other proteins, though also
lower in mass, were isoelectric only,
e.g., for A1AT and PLS:34. The lowermass isoforms were generally most
prominent at the basic end (right-most
in Figure 1) of each of the spot series.
Such neutral,
low-mass isoforms were
also seen for the A1AT dimer series.
This finding implies that for some proteins the putative carbohydrate
transferase deficiency of CDGS results in
the (mis)-transfer of neutral carbohydrate side chains. In addition,
no
stainable
haptoglobin
was subsepiness,”

delayed

lar hypoplasia,

quently detected with nephelometny.
The series of three spots for A1B exhibited a discrete charge and mass
saltation
to a lower-mass, more-basic
series of three spots, consistent
with
an apparent mass reduction of -5000
Da and a +2 esu charge shift. The
amount of protein in the abnormal
isoforms varied among proteins but
qualitatively
was usually <50%. The
2DE pattern of serum from the subject’s mother was normal; the father
was unavailable for study.
The observation of multiple serum
protein anomalies is consistent with

the CDT assay is <100% for CDGS (6,
7). In contrast, the 2DE assay allows
the simultaneous
identification
of a

other CDGS-related biochemical abnormalities, e.g., low concentrations of
serum albumin, haptoglobin, apolipo-

for incomplete sialylation of AAT and
haptoglobin,
but not the smaller isoelectric mass isoforms seen in this
CDGS patient (H. Harrison, unpublished). We do not yet know how many
of the (mis)modified
serum proteins,
for which CDGS-related
structural
changes
were observed
with 2DE,
have altered function. Because the primary enzyme defect in CDGS is not
clearly defined, it is possible that the
pattern reported here contains secondary anabolic or catabolic defects in
protein-carbohydrate
structure.
Examination of the proteins of additional
CDGS families and longitudinal
studies in individual patients will help to

protein B, thyroxine-binding
globulin,
transcortin,
and serum cholesterol,
and with fluctuant concentrations
of
hormones such as prolactin, folliclestimulating
hormone, and growth hormone (1). The prominence of the CDT
finding in CDGS is due to the relatively high concentration
of transfernin in serum, the fact that the termi-

nal

trisaccharide-depleted

have altered

isoforms

charge, and the

chemical

availability of the CDT isoform assays
that were developed for other clinical
indications (7). However, because increased CDT may also occur in ethanolism, primary biliary cirrhosis, and
the D genetic type, the specificity of

constellation
of protein alterations
characteristic
for CDGS. Furthermore, with 2DE the CDT can be distinguished from the D genetic type of
transferrin
because the D allele product, although more cathodal, is glyco-

sylated normally and does not show a
decrease in mass (8, 12, 13). The serum 2DE pattern
of CDGS is also
distinct from the 2DE pattern of serum proteins in severe liver disease,
where there is occasionally
evidence

clam this.
Testing of two other CDGS-affected
individuals,
a 19-year-old female and
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Ig.1. (Left) Detailed schematic of silver-stained IsO-oLT 2DE gel run of serum protetns from patient; (right) schematic vignettes of normal
rid CDG-related polypeptlde spot groups for eight affected serum proteins
0-DALI 2DE was performed as deecilbed (9-11). The serum sample was mixedwith four volumes of sodium dodec)1 sulfate-mix
denaturant (9), and 6 M1 (1.2
L serum vol. equIvalent)were loaded onto the iso gel. For a normal reference eleclrophoretograrn or schematic map of microhetercgenelty patterns and major
enetic types, see rats. 8and 10-14.Apo. apolipoprotein;a2HS, a2 Haupt-Schwlckglycoprotein;C, complement;CX,ci-eatineklnase; F-T peptides, freeze-thaw
eplides; Gc. group-specificcomponent (vitaminD binding globulin); Hp. haptoglobin; Ig, Immunoglobulin; MWsOS, apparent mass (molecular weight) In sodium
odec’,Isultate-polyactylamldegel electrophoresis; p1,IeoelectrlcpoInI PI.S, unnamed plasma/serum protein; RBP, retinol bindingprotein;and TFN, transferrin.
Itherabbreviations given In text
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a 21-year-old male, in an unrelated
family yielded identically
abnormal
results in the two-dimensional
electrophoresis procedure. We also noticed a
marked diminution of PLS:29. Both
parents (obligate carriers) in this family were studied and found to have
normal serum protein 2DE patterns.
We thank Drs. N. G. Anderson, N. L.
Anderson, J. E. Bowman, C. S. Giometti,
and C. Lee for their ongoing advice and
encouragement. Supported in part by the
UC Medlabe Training Research and Support Program (H.H.H., K.L.M.) and by
the U.S. Department of Energy (equipment
loan, H. H. H.), contract no. W-31-109ENG-38, Argonne National Laboratory.
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Pitfalls of Restriction Endonuclease
Digestion for DirectDetectionof
Point Mutations
To the Editor:
The necessity

of heeding subtle
anomalies
frequently
encountered
upon electrophoretic
analyses of restriction endonuclease digestion products of genomic and polymerase chain
reaction (PCR)-generated DNA templates became obvious to us recently.
We wish to alert clinicians and molecular pathologists to such cues because,
without such vigilance, we would have
drawn an erroneous conclusion as to
the cause of one patient’s genetic impairment.
While routinely mapping point mutations in exon 8 of the arginase locus
of a collection of hyperargininemic
patients, we discovered a single base
change immediately outside a restriction enzyme recognition site (TaqI),
which severely inhibited cleavage of
this site (1).
The consistent and reproducible results of both standard Southern map-
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pings and endonuclease digestions of
PCR-generated
DNA templates
of
exon 8 had predicted that a point mutation,

present

in heterozygosity,

was

located directly within a unique TaqI
site of exon 8 of patient 1 (Figure 1).

Because of a minor aberration we noticed in the gels used to analyze the
digestion products (Figure 1B), we
proceeded to sequence this PCR product. We would not have done so if we
had not noticed that the upper “uncut”
band looked slightly less intense than
the lower “cut” band of patient 1. The
results of this gel suggested that this
allele from patient 1 had been partially digested by TaqI. The anomaly
resulted because the point mutation
was actually in a base adjacent to the
tetranucleotide
recognition
site, not
directly within it. This flanking base
inhibited cleavage by TaqI by -80%
on the mutated chromosome of patient
1, resulting in bands that were of unequal intensity by ethidium bromide
staining.
Factors

affecting the efficiency of
of DNA templates by restriction endonucleases have been addressed (1-6). However, this is the
first instance of inhibition of cleavage
cleavage

of genomic

and PCR-generated

DNA

templates (the latter of which rules
out methylation as a cause of inhibition of cleavage) and in the clinical
setting of the diagnosis of a human
genetic disorder.
Publications
in this and other journals tout direct DNA analysis for direct detection of point mutations
and
polymorphisms
(7-11).
Generally,
these methods are inexpensive, precise, simple, rapid, and reliable for
diagnostic characterization
of heritable diseases (7-9). Additionally, these
methods yield far more information
about genotype than do methods tha
rely on protein analyses, such as i
electric focusing (as for apolipoprote
E polymorphism),
or microvillar
en
zyme analysis for the prenatal diagn
sis of genetic diseases such as cysti
fibrosis (8, 9). The advantages of th
detection of rare mutant alleles
direct DNA analysis over detectio
with site-specific monoclonal antibod
ies are well documented, particulanl
for the diagnosis and prognosis of a1
antitrypsin deficiency (10).
Indeed, the precision of genotypi
characterization
allows more accura
predictions of the clinical outcome o
many inherited
diseases
that
caused by single base changes in
cific loci (12, 13). For example, in th
diagnosis of cystic fibrosis, prena
and pediatric genotype characteriza

tion has begun to predict whether pan

