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The genotyping of the various isoforms of Apolipoprotein E (apo E) has been performed using matrix-
assisted laser desorption/ionization (MALDI-MS). The polymerase chain reaction was used to amplify the
specific apo E gene sequence followed by digestion with CfoClpstridium formicoaceticun), for generating
restriction fragments for rapid and accurate mass analysis. An exonuclease | digestion step was introduced
to remove the unused primers after PCR, which can otherwise interfere in the mass spectral analysis. By
replacing the gel electrophoresis detection step with MALDI-MS, restriction isotyping of the apo E gene was
achieved. Genotyping of an unknown sample obtained from an independent diagnostic laboratory
demonstrated the validity of the MALDI-MS method for the routine clinical analysis of apo E. © 1998 John
Wiley & Sons, Ltd.
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Apolipoprotein E (apo E) plays an important role in lipid diagnostic test. Apo E polymorphisms have been widely
metabolism and also appears to be involved in cholesterolstudied in numerous research laboratories and a number of
transport between different tissues. The apo E gene ismethods to type the different isoforms have been developed.
polymorphic, with three common alleles2( ¢3, ¢4) that Apo E phenotyping by isoelectric focusi@ and two
control the expression of six phenotypes, namely, E2/2, dimensional gel electrophore&fSare two common meth-
E3/3, E4/4 homozygotes and E2/3, E2/4 and E3/4 hetero-ods of studying the protein. Some of the methods of
zygotes. These isoforms differ from each other by a genotyping that are being pursued include single strand
cysteine—arginine interchange that occurs at one or both ofconformation polymorphism (SSCP)hybridization with
two positions (112 and 158) in the amino acid sequence. allele specific oligonucleotides (AS(?)Z;11 restriction
Apo E3 is the most common isoform (50-70%) in the isotyPing with specific endonucleasés® and sequen-
general population whereas apo E2 and apo E4 isoformscing** All of these methods involve the amplification of
typically contribute 8-10% and 10-15%, respectively to the the apo E genomic sequence containing the common
gene pool Studies have shown that individuals with the polymorphic sites. Restriction isotyping is a commonly
apo E2 isoform have a lower than average cholesterol level,accepted method for genotyping of apolipoprotein E. This
while those with the E4 isoform have a higher than average method involves the determination of apo E genotype by
cholesterol level, and may be at a higher risk of developing exploiting the specificity of a restriction endonuclease for
atherosclerosi$. certain regions of the amplified sequence. A major draw-
The apo E polymorphism is an important risk factor in the back of each of these techniques is the time required for the
development of Alzheimer’s and cardiovascular diseases.detection of the DNA by gel electrophoresis. Other dis-
Alzheimer’s disease is a complex, heterogeneous, geneticadvantages include the inability to detect small DNA
disorder which involves the degeneration of neurons in the fragments €40 bp) with ethidium bromide staining.
cerebral vessels causing dementia in the elderly. #he  Acrylamide gels, which are commonly used to detect small
allele has been shown to be associated with increased riskbDNA fragments, contain a potential neurotoxin. In addition,
for the onset of Alzheimer’s disease in many populations because gel electrophoresis is not easily automated, only a
throughout the world. Apo E polymorphism is also  relatively small number of samples can be analyzed in a
associated with Type Il hyperlipoproteinemia, a disease day!®Hence a rapid, efficient and yet hazard free detection
causing the accumulation of triglycerides and cholesterol technique is needed.
rich lipoproteins in the plasma which may contribute to the  In this work, MALDI-MS is used for genotyping of the
development of premature atherosclerdsBtudies have  apo E gene. MALDI-MS has been shown as a possible
shown a high percentage (90%) of the patients having thereplacement for gel electrophoresis detection in DNA
homozygote phenotype E2. genetic screening studies. For example, MALDI-MS has
Apolipoprotein  E genotyping is a very important been highly successful as a detection tool in DNA screening

ies of the Tay—Sach FTR gené®*8andin th
*Correspondence to: D. M. Lubman, Department of Chemistry, studies of the ay-Sac SQeH)&; ge é and in the
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apo E sequence

allele
€2
€3

€4 5/ -taagcttG GCA CGG CTG TCC AAG GAG CTG CAG GCG GCG CAG GCC CGG CTG GGC _GCG GAC

(primer 1 sequence)

€2 T
€3 T

t T

€4 ATG GAG GAC GTG CGC GGC CGC CTG GTG CAG TAC CGC GGC GAG GTG CAG GCC ATG CTC GGC

t

€2
€3

€4 CAG AGC ACC GAG GAG CTG CGG GTG_CGC CTC GCC TCC CAC CTG_CGC AAG CTG CGT AAG CGG

€2
€3

T

T
C

€4 CTC CTC CGC GAT GCC GAT GAC CTG CAG AAG _CGC CTG GCA GTG TAC CAG GCC GGG GCgaat

€2

€3

€4 tctgttatttatattttatatttat
agacaataaatataaaatataaata

T 31- CAC ATG GTC CGG CCC CGctta
(primer 2 sequence)

Figure 1. DNA sequencef PCRamplified apolipoproteirE andthelocationsof Cfo | cleavagesites.Thesequence
of onestrandof the 264 bp amplified productof the ¢4 allele is shown,andthe variationsdueto ¢2 ande3 isoforms

are shownabovethe ¢4 sequence] representshe cut sitesfor the Cfo | restrictionenzymeand the recognized
sequenceGCGC,is underlinedthroughout.The primer sequenceare shownin bold. Lower caselettersrerfresent
baseshatdo not appearin the apoE genomicsequencebut wereaddedto the primersas primer ‘tails’. 122

genone in a studyinvolving Legionella species The use
of peptde nucleic acid probes as DNA mimics for the
MALDI-MS typing of human leukocye antigen(HLA) has
recently beenreportedby Girard and co-workersasa new
MALDI-MS appication for geneic screening problems??
More recently, Little and co-workers have demonstated
MALDI-MS as a viable technique for detecing apo E
polymorphismsusing PROEE reactions?® In this proce-
dure,sequencespecific primersare extendecdby a seriesof
basesunique to the identity of a partcular allele site,
produdng low massproduds for MAL DI-MS detection.

In this preentwork we denonstratehatMAL DI-MS can
beusedasaroutinedetecton methodin atypical diagnosic
lab where restrictin isotyping is performedon a regular
bass and the produds generatd are detected by gel
electrophoress. Here, the polymerase chan readion
(PCR) is usedto geneate the initial sequenceof apo E
genefor our experimens andthe molecdar weight of the
isolaedandamdified DNA is studed by MALDI-MS. The
amgified genomic DNA is subgcted to Exonucleas |
digestionto removeexces primers after the PCRstep that
would othewise resut in saturatbn effects in the mass
spectraneter Subsegantly, restricion fragment length
polymorphism (RFLP) by a specific endonuteaseis used

to determire the apoE genotype DNA fragmentsfrom the
digestion were studed by both gel electrophoesis and
MALDI -MS. An unknown sample from an independem
diagnosic laboratorywas alo succesfully amplified and
digestedby PCRRFLP and the resuting fragments were
detectedby massspectranetry. Mass spectrh data were
confirmed later by gel electrophoesis performedby the
diagnosic lab.

EXPERIMENT AL
Amplification of apo E sequenesfrom genomic DNA

GenomicDNA wasextractedrom 1 mL whole bloodusing
a commecial ‘salt-extraction’ kit (Puregen&”, Gentra
Systemsinc. Minneapols, MN, USA). The final DNA
preparatbnswere disolved in 0.33mL of 10mm Tris and
1 mm EDTA buffer (pH 8.0).DNA wasamgified by PCRin
a DNA thermocycler (M. J. Research,Watertown, MA,
USA) usingoligonucleotideprimers that were synthesized
at the DNA syntesis core facility at the University of
Michigan.The primer designwasbasedn thosepreviously
reportedfor the PCRamyglification of the apoE gene*®'*
Thesequacesof the primersaswell astheamgified apoE

Table 1. The constantand polymorphic restriction sitesfor the Cfo | enzymeand the expectedfragment lengths after digestion

ApoE allele Restrictionsequencendnucleotidepositionfor Cfo | cleavage
&2 GCGCat positions38, 54, 145,163

e2/e3 GCGCat positions38, 54, 145,163,211

e2/c4 GCGCat positions38, 54, 73, 145,163,211

&3 GCGCat positions38, 54, 145,163,211

e3led GCGCat positions38, 54, 73, 145,163,211

&4 GCGCat positions38, 54, 73, 145,163,211

Fragmentsbp

18,38,91,101

18, 38,48,53,91,101
18,19, 38,48,53,72,91,101
18, 38,48,53,91

18,19, 38,48,53,72,91
18,19, 38,48,53,72
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geneare shownin Fig. 1. Eachamgification reactionin-
cluded~400 ngof genonic DNA, 1X PCRbuffer (suppied
with TaqPdymerase),Ll5mm MgCl,, 200nm eachof sense
andantisensegrimers,10% DMSO, 100uM of eachdNTP
and 5 units (5 U/uL) of Tag polymeiase (GIBCO-BRL).
Eachreactionmixture wassubjectedo aninitial denatura
tion step at 94°C for 1min, followed by 39 cycles of
denatuwation(45sat94°C), primeranneding (30sat60°C)
an elongation (1 min at 70°C). The amplified DNA were
then subjectedo a final extensionat 72°C for 5min. The
amgified sequace was purified from the interfering
enzymnes and buffers using QiagenPCRquickKit (Qiagen
Inc., Chatswoth, CA, USA), prior to massspectraanalyss.

Exonucleasel digegion of primers

The amplified genonic DNA from variouspatientsample
were setup for exonudeasel digestionin a thernocycler
(M. J. Research,Watertown, MA, USA). The protocol
included an initial incubaton at 70°C for 10 minutes to
minimize dimerization of primers.Exonucleas| (4 U) was

10 bp marker

~~ 7~~~ ~~
N o <
o\ N N
W X (&)
N’ - N

addedto eachreactionfollowed by incubationat 37°C for
15 minutes.Theenzymewasheatinactivaedby incubating
the mixture for an addtional 10 minutesat 70°C.

Redriction enzymaic digedion of amplified apo E

The amgified apo E sequencesvere then subgcted to
restriction enzymaitc digestion by the addition of Cfo |

directly to the PCRmixture in the presencef 1X restriction
enzyme buffer. Compkte digestion was achieved by
incubatingthe mixture for ~6 hoursat 37°C. The cut sites
for the Cfo | enzymeandthe expededfragmentsareshown
in Table1l. DNA fragmentslessthan100bpin lengthcould
not be subjeced to Qiaquick purification procedurs.
Instead, the restriction enzyme digestswere purified by
ethanol precipitaton of the DNA. The ethanolprecipitaion
protocol involved mixing the fragmentswith 0.5 volume of
7.5M ammoniumacetaé and3 volumesof ice cold ethanol
This mixture was allowed to standat —75°C overnightto
increasethe recovery of low massDNA fragments. The
DNA fragmentsverepelletedby spinningthe preciptatesat

(3,e3)
(e3,e4)
(e4,e4)
PCR Product

264 b

101 bp
91 bp

72 bp

53 bp
48 bp

38 bp

Figure 2. Gel electrophoresigesultof theamplifiedapoE sequencandthe Cfo | fragmentslanel: molecularweightmarker,10 bp ladder,lane2:
e2 isoform,lane3: ¢2/¢3 allele, lane4: e2/¢4 allele,lane5: ¢3 isoform,lane6: ¢3/¢4 allele,lane7: ¢4 isoform,andlane8: 264bp PCRproduct.The

expectedCfo | restrictionfragmentsare shownon the right.

© 1998JohnWiley & Sons,Ltd.
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~14000rpmfor 30 min at4°C. The DNA pelletswerethen
thoroughly washedwith 0.5 volume of 70% ethanol and
restspendedin DNAse free water (2—-4uL) for further
MALDI-MS analysis.

Mass spectrometric analysis

All MALDI -MS spectrawverecollected on alinear time-of-
flight mas spectometer(R. M. Jordan Co., GrassValley,
CA, USA) ashasbeendescried previously?* Briefly, the
MALDI ionsweregeneratdby a 355nm focused output of
a frequeny tripled DCR-11 Nd:YAG laser (Spedra
Physics, Mountainview, CA, USA). The ions formedwere
accderatedto 40kV andcurrentsignalsweredetectedy an
18 mm triple microchannelplate detector (Jordan)placed 1
m from the ion optics. lon signalswere amplified by the
preence of a CuBe venetian blind conversiondynode
(+15kV), but atthe expeng of resolution. Theion currents
were measued by a LeCroy 9350M digital oscillosope
(LeCroy Corpomtion, Cheshut Ridge, NJ, USA) and pro-
cesedonan|BM Pentiumprocessor.An averageof 30-50
mass spectrawere recaded for each genotype studied
Pused delayed extracton (PDE) was not used for the
spectrgpresengdin this work. Theresdution enhanement
dueto PDEwascompromisedby the lossof resdution due
to the post accderation stage, which was necessar for
improved detection sensiivity. Since resdution is not an
issue in this presentmethoddogy and higher sensitivity
implied detection of the important restricion enzyre
produds, the post acceleation stagewas usedinsteal of
the PDE.

The resultspreentedhereinused2 puL of a 3-hydroxy-
picalinic acidandpicolinic acid (3-HPA/PA) (4:1) matrix in

264 bp

Relative Intensity

200 400

Time of flight, microseconds
Figure 3. MALDI-MS of PCRamplified apoE from a 4:1 3-HPA/PA

matrix. Nitrocellulosemembranewas usedfor on-probepurification.
The laserwavelengthusedwas 355 nm.

Rapid CommunMassSpectrom12, 1045-1050(1998)

36%acetonirile, asthe matrix for desorpton. The matrices
were purchasedrom SigmaChemicé Co. (St. Louis, MO,
USA) andusedwithoutfurtherpurification. Thepresencef
nitrocellulose (Immobilon-LC Pure, Mill ipore, Bedford,
MA, USA) for on-ptobe ion exchangepurificaion was
foundto beessentiain obtaning reproduciblemassspectra
data.Nitrocellulose(1-2pL) wascoatedon to the stainkess
steelsanple probetip asa ~16 mg/mL solutionin acetone.
The predpitated DNA wasredissdved in deionized water
(2—4pL), spottedonto the thin film and allowed to dry
beforethe addition of the 3-HPA/PA matrix mixture. The
entire mixture on the probetip wasallowedto dry at room
temperatire before being inseted into the mass spec-
trometer.

Relative Intensity

50 100 150

Time of flight, microseconds

Figure 4. MALDI-MS of Cfo | digestedapoE (a) €2, (b) €3 and(c) ¢4,

isoformsusinga 3-HPA/PA(4:1) matrixand355nm laserwavelength.
Thepresencef 101bpand91bp,theabsencef 101bpand72bp,and
the presenceof 72 bp are characteristicof the ¢2, ¢3 and ¢4 alleles
respectively.

© 1998JohnWiley & Sons,Ltd.
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RESULTS AND DISCUSSION
Analysis of amplified apo E gene

Thegenonic DNA sanplesfrom patienswere amgified by
polymeiasechainreactionto afinal lengththatwasdefined
by the specific primers chose. Figure 1 showsthe PCR
ampified sequaceobtainal for the differentgenotypesA
sinde promirent band at 264bp was seenas the final
produd¢ when detectedby gel electrophoesis (Fig. 2).
Figure 3 is the MALDI -MS observedor the PCRamgified
DNA with the sinde strandé parent ion of the ds DNA
arriving at 184 us.

Restriction isotyping of amplified apo E

The restriction isotyping of apo E is acconplished by

cleaving the PCRprodud with Cfo | in orderto distingush
thesix isoforms.Figure 1 shows thesix cleavagesitesin the
amgified apoE sequéce.Therecogniton sequencéor the
Cfol enzymeis GCGCwhichis presentatfour consantand
two polymoiphic sites in the apo E sequence.The ¢4

sequ@ceis presentedh thefigure along with thenucleotide
variations presentin the 2 and ¢3 forms. The &2 isoform
differs from the ¢4 dueto a thymine substituton at nucleo-
tide positions71 and211, thuseliminating the two enzyme
cleavagesites (from GCGC to GTGC). The ¢3 isoform
produesfive Cfol cleavagesitesby maintaningtheGCGC
sequ@ceat position211butremoving the polymormphic site
at position71. Theresuting fragmentpatternsobservedor

the six isoforms of apo E are shownin Table 1. The gel
electophoress resluts obtaned for the Cfo | cleavedDNA

sample represating the differenthomazygousandhetero-
zygouscombindions of apoE areshown in Fig. 2.

A primer digestion step was used before restrictin
enzyne digestionsincethe presencef oneof the primers
(46me) causedoccasonal interferencein detection of the
highe massfragments. In addtion, the absewe of the 46-
mer primer simplifies the spectrain the regionof the 48bp
diagnostic fragment. The primers were digested using
Exonwclease | which is an exodeayribonudease that
digests single-standed(ss) DNA in a 3 to 5 direction
This procedure was performed after the PCR step, but
beforethe restricion enzymewasadded.

Figure 4(a)is the MALDI mas spectrunobtanedfor an
¢2 homazygote. The ¢2 allele is chamacterizel by the
preenceof the91 bpand101bp fragmentsandthe absece
of the 48bp, the 53 bp andthe 72 bp fragmeris. The 18 bp
and the 38bp peaksare commonto all the apo E allele
combinationsandarenot geneally detectedy gel electro-
phoresis dueto their small size.

The91bpandthe 101bp fragmentgesut from cleavage
at all four of the consant Cfo | sites but none of the
polymorphic sites.

The ¢3 allele is recaynizedby the presenceof the 91 bp,
53bp and48bp fragments(Fig. 4(b)). The 91bp fragment
refledstheabsencef a cutsite contibutedby the mutation
occuring at nucleotde postion 71. The 48bp and 53bp
fragmentsresultfrom the polymormphic Cfo | siteat postion
211, therebyeliminating the 101bp fragmentobsewed in
the 2 allele.

In comparisonFig. 4(c) representsheMALDI-MS of the
PCR productsfrom an ¢4 homaygote. This patten is
chacterizeal by the 72 bp fragmentwhich resultsfrom the
cleavageat nucleotde position 71. The other fragment
geneateddueto the samemutaion is 19bpin lengh but is

© 1998JohnWiley & Sons,Ltd.

not typically useddiagnosically dueto its proximity to the
18 bpconsant-sitefragment. The ¢4 allelealso produesthe
48 bp andthe 53 bp fragments The peakarriving at 53 us
belongsto oneof the primers(25mer) andis mostlikely due
to incomplet Exonuckasel digestion. The heteroygotic
combinationsthat containedone of eachallele resuled in
threedifferent combinationswhich werealso studed using
MALDI-MS. The resultsof the MAL DI-MS typing of the
£2/e3, e2/¢4 ande3/e4 sample areshownin Fig. 5.

A test for the successof the MAL DI-MS technique
descibed aboveinvolved the deternination of the apo E
genoype of an unknown DNA sanple. A sample of
genomc DNA wasobtaned from the Molecular Diagnos
tics Labordory, University of Michigan Medical Center,
where apoE genoyping is performedon a routinebasisby
PCRRFLP followed by gel electrophoesis detection.
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Figure 5. (a) MALDI-MS of Cfo | digestedapoE (a)2/e3, (b) e2/¢4
and(c) ¢3/e4 allelesusinga 3-HPA/PA (4:1) matrix and355nm laser
wavelength.
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Figure 6. MALDI-MS of Cfo | digestedunknownapoE sampleusing
a4:13-HPA/PAmatrixand355nm laserwavelengthThe presencef
91 bp, 53 bp and48 bp arecharacteristidor the ¢3 allele.

Figure 6 istheMALDI-MS of theunknownDNA. Themass
spectrum is chamcterizel by the 91bp, 53bp and 48bp
fragmentswhich clearly indicatesthat this patientis an ¢3
genoype. The massspectra resultswere later confirmed
with the gel electophoresigataobtaned by the Molecular
Diagnogics Lab.

CONCLUSIONS

We havedenonstratedhe useof MALDI-MS asa clinical
diagnostic tool for genotping the apolipogotein E gene.
By replacig the standad gel electrophoesistechrique for
detection of the restricion isotypead fragments, we have
shown the feasiblity of MALDI -MS for studying double
strandel DNA productsgeneragd for diagnosic purpo®s.
The ability of MALDI-M S to genoype unknown DNA
sanpleshasalsobeendemonstated.
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