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ABSTRACT

DNA covalently bound to an uncharged nylon mem-
brane was used for consecutive amplifications of
several different genes by PCR. Successful PCR
amplifications were obtained for membrane-bound
genomic and plasmid DNA. Membrane-bound genomic
DNA templates were re-used at least 15 times for PCR
with specific amplification of the desired gene each
time. PCR amplifications of specific sequences of p53,
pl6, CYP1Al, CYP2D6, GSTM1 and GSTM3 were
performed independently on the same strips of un-
charged nylon membrane containing genomic DNA.
PCR products were subjected to restriction fragment
length polymorphism analysis, single-strand con-
formational polymorphism analysis and/or dideoxy
sequencing to confirm PCR-amplified gene sequences.
We found that PCR fragments obtained by amplifica-
tion from bound genomic DNA as template were
identical in sequence to those of PCR products
obtained from free genomic DNA in solution. PCR was
performed using as little as 5 ng genomic or 4 fg
plasmid DNA bound to membrane. These results
suggest that DNA covalently bound to membrane can
be re-used for sample-specific PCR amplifications,
providing a potentially unlimited source of DNA for
PCR.

INTRODUCTION
Since its first report by Mullis and colleagues in 1987 PCR

has become one of the most powerful and widely used techniq
in molecular biology. Thousands of scientific papers are publish
each year using this technique as a tool for molecular researcl‘g
well as for clinical applications, such as disease diagno2f®)s ( t
occult tumor cell detectiond{6) and prenatal diagnosis of a
variety of human genetic disordersd). Therefore, refinements
in PCR protocols can improve DNA analysis and detection for A

broad spectrum of medical and research purposes.

The amount of genomic DNA required for PCR ranges, i

individual tissue samples, including biopsies and archival tissue,
where specimen quantities are usually finite and low in quantity.
Therefore, re-use of a DNA sample for repetitive PCR amplifica-
tions and for amplification of DNA sequences from different
genes would decrease the difficulties associated with limited
DNA availability for all aspects of genetic testing by PCR.

In this report we describe a simple, novel PCR methodology
where DNA, covalently bound to non-charged nylon membranes,
serves as template for PCR amplification. We demonstrate that
membrane-bound DNA can serve as template for repetitive PCR
amplifications of multiple genes without cross-contamination
between samples and can be utilized for: (i) genotyping polymorphic
alleles, such as those present in specific xenobiotic metabolizing
enzyme genes (XMESs); (ii) mutational analysis of oncogenes or
tumor suppresser genes, suclps8andpl6

MATERIALS AND METHODS
Isolation and purification of DNA

Squamous cell carcinomas of the oral cavity were obtained by
surgical resection from patients at Memorial Sloan-Kettering
Cancer Center (New York, NY) as part of a large-scale study
examining molecular markers of oral cancer susceptibility as
previously described®(10). These samples were selected based
upon their unique genetic characteristics with respect to gene
mutations and/or XME genotypes (see Tdbl&ll tumors were
immediately frozen at —P@€ after surgical resection. Slices
(100-500 mg) of partially thawed tumor tissue were snap-frozen
in liquid nitrogen and pulverized prior to homogenization in
proteinase K (0.1 mg/ml)-containing TE buffer (10 mM Tris—HCI,

H 8.0, 1 mM EDTA). DNA was extracted as previously
l%ﬁcribed prior to quantitation by spectrophotometity (
€0p|asmid pHP53E1CAT, which contains humgh3 exon 1
@ﬁuences immediately upstream of the chloramphenical acetyl-
ransferase geneCAT), was kindly provided by Stephen
Strudwick (Temple University). Plasmid DNA was purified using
a DNA purification kit (Qiagen) as per the manufacturer's
structions and quantitated by spectrophotometery.

'S0t blot preparation and DNA immobilization

general, from 50 to 500 ng, with each amplification requiring
fresh DNA as template. As the amplification of different gene®uralon-UV membranes (Stratagene) were initially soaked in
often requires optimization and standardization, suitable quantitieeionized, double-distilled water, followed by rinsingx1069 M

of DNA are required for analysis. However, circumstances mayaCl, 90 mM sodium citrate, pH 7.0, (SSC) buffer prior to slot
limit the availability of DNA, particularly for DNA isolated from blot assembly. Wells were washed with p06x SSC containing
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0.05% bromophenol blue dye under low vacuum. DNA sampleéSYP2D6 intron 3—exon 5 sequences were PCR amplified using
(either genomic or plasmid DNA, as indicated in the text) werthe same antisense primer in combination with the sense primer
diluted to 0.1ug/ul in TE and denatured in 0.3 M NaOH at@ GCCTTCGCCAACCACTCCG (-18 to +1 nt relative to the
for 1 h. Denatured DNA was cooled on ice, diluted 1:1 (v/v) witl8'-end of exon 3), utilizing the ExpaddLong Template PCR
12x SSC and applied to slot blot wells under low vacuum in a tot@ystem as described above. Between 10 and 25% of all
volume of 20Qul. An equal volume (20Ql) of 6x SSC buffer amplifications were electrophoresed on 8% polyacrylamide gels
(-DNA) was applied to negative control wells. Membrane-bountb verify the integrity of the PCR bands. Gels were visualized over
DNA was immobilized by UV crosslinking in a UV Stratalinker UV light after staining with ethidium bromide. Where indicated,
2400 (Stratagene). PCR band intensities (PBIl) were determined by computer
scanning of gel images using the Photoshop/NIH Image 1.61
analysis system for Mcintosh.

To prevent cross-contamination during PCR, all amplifications

Slot blot membranes containing plasmid or genomic DNA weréere performed using fresh, sterile, autoclaved tips, tubes and
hybridized with32P-labeled antisen€®AT(+50 to +70 nt relative double-distilled water. C_:ar(_aful attention was given thrOl_Jghout to
to the translation initiation start site; GTACATTGAGCAACTG- prevent cross-contamination between samples during DNA
ACTG) or humarB-actin (+3 to +34 nt relative to the translation purification and isolation. All equipment utilized for tissue
initiation start site; CGTTGTCGACGACGAGCGCGGCGATAT- blending and homogenization were washed in a bath of concentrated
CATCA) probes respectively, using standard procedifies §). chromic:sulfuric acid, rinsed three times in autoclaved double-
Membranes were washed withx 8SC for 2 min at 2z, distilled water and once in 70% ethanol, air dried and autoclaved.
followed by 10 min at 45C and then exposed for autoradiographyforceps for membrane handling were autoclaved between
experiments and flamed between the handling of each membrane

. sample. The membrane strips containing immobilized DNA were

PCR amplifications stripped twice with 150! double-distilled water at 6% for 10 min

All PCR amplifications were performed in a GenAmp geocafter each PCR amplification. DNA-bound membrane strips were

thermocycler (Perkin Elmer) usiniaq DNA polymerase (Boeh- stored in water at C. Extreme care was taken to avoid
ringer Mannheim). The standard PCR was composed of pl 100€r0SS-contamination between membrane samples.

reaction volume containing either 100 ng free DNA in solution or

DNA blotted and covalently bound to nylon membranes a&enetic analysis

described above. For covalently bound DNA, membrane fragment
corresponding to individual slots were cut using an autoclave

razor. The razor was flamed before each use, with the negat
control slot without DNA cut last to assure that cross-contaminati ; : : .
ional poymorphism (SSCP) analysis as previously described

between samples was not a factor. . e -
p53 exons% and 8 were individually PCR amplified aS(9,10,14). p53 and p16 mutations were verified by dideoxy

previously described(14). PCR amplification op53 exon 5— sequencing as previously described)( '_I'h_e GSTM3 YY1
exon 7 sequences was performed using the Expanohg polymorphism was assessed by restriction fragment length
Template PCR System (Boehringer Mannheim) at an annealiﬁ%gg;g&px'itsrmnﬁrzelﬂﬁ;sssr rga?::[li—c';/ln:)% fgrcllg'ﬁ r;%[!%e?lg)ra%?;ents
temperature of 64C with the following primers: sense, —43 to : e
—24 nt relative to the'fend of exon 5, TTGTGCCCTGACTTT- GSTM1 null (0/0) pgimorphism was detected by co-amplification
CAACT: antisense. 48 to +27 nt relétive to thesd of exon 7 with the homologous GSTM4 gene [gieg as a positive control

gy for PCR amplification for GSTM1 (0/0) samples] in a three
TGTGCAGGGTGGCAAGTGGC. PCR amplification @b3 . . 4
exon 1 was performed using pHp53EL1CAT as template WitHnmer-based assay as previously descried ().
reaction conditions similar to those described #58 exon 8
(9,14). Primers used f@53exon 1 were: sense, —220 to —200 nRESULTS
relative to the translation start site, TGTCATGGCGACTGTCC T PP ;
AGCT,; antisense, —44 to —20 nt relative to the translation Stq‘%lgﬁnbt:g/:girﬁﬁztagsag% FE)('Z\II'?Aampllﬂcanon using
site, CCAATCCAGGGAAGCGTGTCACCGP16exon 2 was
PCR amplified using the following primers: sense, —26 to —7 r8erial dilutions (10-0.16g) of pHp53E1/CAT were blotted onto
relative to the 5end ofp16 exon 2, TCTGACCATTCTGTTC- an uncharged nylon membrane, UV crosslinked and subjected to
TCTC; antisense, +32 to +53 nt relative to the®l ofpl6  hybridization with32P-labeledCAT primer as described in the
exon 2, CTCTGAGCTTTGGAAGCTCTCAp16 PCR ampli- Materials and Methods. A correlation was observed between
fications were performed as described abovept#s exon 8 hybridization signal intensity and quantity of DNA, as shown in
(9,14) in the presence of 5% formamide with an annealingrigure 1A. Membrane pieces corresponding to each slot were
temperature of 58 for 20 s. CYP1A1 exon 7, GSTM1 exons carefully cut and used for PCR amplificationsp®3 exon 1
4-5 and GSTM3 exons 6—7 sequences were PCR amplified fequences. PCRs using these plasmid DNA-bound membrane
36 cycles as previously describet),(5). CYP2D6 exon 5 strips as template resulted in amplification of the desired product
sequences were PCR amplified as performgad8exon 5 using (219 bp; Fig1B). Upon further titration, a decreased intensity of
variable cycle numbers (as indicated in the text) with th®CR banding after gel electrophoresis and ethidium bromide
following primers: sense, —25 to —7 nt relative to therlsl of  staining was observed, beginning at 40 pg pHpP53E1/CAT DNA
exon 5, TGAGACCCCGTTCTGTCTG; antisense, +2 to +20 n{Fig. 1C), although a detectable 219 bp band was observed for
relative to the 3end of exon 5, ACCGTGGCAGCCACTCTCA. membranes containing as low as 4 fg plasmid Dp&8.exon 1

Hybridization analysis

utations inp53 exons 5 and 8 anpl6 exon 2, as well as
%notyping analysis of the polymorphic CYPM1allele
odon 462 of exon 7) were screened by single-strand conforma-



Nucleic Acids Research, 1997, Vol. 25, No. 13539

Methods. Membrane strips corresponding to each slot were
A carefully cut and used for successive PCR amplification of
_ several different gene sequences. The membrane pieces with
| bound DNA were stripped between each PCR amplification and
- ' used for 15 consecutive PCRs. The results of alternate amplifications
i | are shown in Figur@A. An initial PCR was performed for
: simultaneous amplification of GSTM1 (275 bp) and GSTM4
(202 bp) (lanes 3-5). Subsequent amplifications using the same
DNA-bound membrane strips were also performeg$®exon
B 8 (223, lanes 6-8pl6exon 2 (384 bp, lanes 9-1ph3exon 5
(261 bp, lanes 12-14), GSTM3 (lanes 15-17) and CYP1A1 exon
- 7 (see SSCP analysis, FRA; the electrophoresis of CYP1Al
; exon 7 PCR product on 8% non-denaturing polyacrylamide is not
shown). For GSTM3, electrophoresis was performed after
restriction enzyme digestion witnll. To determine the re-usability
. of membrane-bound DNA template, some gene sequences were
12345678010 amplified more than once (data not shown). PCR fragments of the
& appropriate size were amplified in all rounds of PCR for all
membrane-bound DNA samples. Negative control membrane
pieces were also re-used in PCRs to control for cross-contamination
between samples. No amplification was observed for negative
control membrane strips (i.e. without DNA) for aimynd of PCR
(round 1 amplification shown in FigA, lane 2; results not shown
for negative control amplifications for other PCR rounds).
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Table 1. Mutational and genotyping data of DNA samples using free DNA as

Figure 1. Slot blot/PCR amplification of plasmid DNAAJ Serial dilutions of template for PCR

pHP53E1/CAT plasmid DNA (10-0.146g, as indicated) were blotted on an
uncharged nylon membrane and hybridized #fR-labeled CAT probe as

described in Materials and MethodB) (PCR amplification op53 exon 1 DNA sample  Mutations Genotype of oral tumor samples
sequences (219 bp, indicated by arrow) were performed for corresponding CYPIAL GSTM1  GSTM3
amounts of membrane-bound pHpP53EL/CAT DNA as shown in (A). Ten

percent of total PCR product was separated by electrophoresis and stained agSK73 Wild-type p53andp16 lle/lle? (o/0p AIA

described in Materials and Methods. Lane 1,H§i6ll DNA marker; lane 2,
negative control (membrane with no DNA); lane 3p@ilbbHp53EL/CAT; lane MSKT75 pS3exon 8, codon 278, €T lleflle [+] A/B
4, 5 ug pHp53EL/CAT; lane 5, 2.5g pHp53E1/CAT; lane 6, 1.2fg MSK80 pl6exon 16, codon 102, GA Valllle [+] A/B
pHpP53E1/CAT; lane 7, 0.8y pHp53E1/CAT; lane 8, 0.38) pHp53E1/CAT;
lane 9, 0.16ug pHP53E1/CAT; lane 10, 100 ng unbound (free) pHp53E1/CAT ajle, isoleucine: Val, valine.

DNA. (C) Ten percent of PCR amplificationspB3exon 1 sequences (219 bp, béO/O), null genotype; [+], heterozygous (+/0) and/or homozygous (+/+) genotype.

indicated by arrow) was electrophoresed and stained as described in (A), usin
membrane strips blotted with the following amounts of pHp53E1/CAT DNA:

8 ng (lane 3), 4 ng (lane 4), 400 pg (fane 5), 40 pg (ane €), 4 pg (lane 7), 400fg PCR was also attempted on membranes with titrated amounts

(lane 8), 40 fg (lane 9) and 4 fg (lane 10). Lane 1HpEN DNA marker; lane . . .

2. negative control (membrane with no DNA), of bound genomic DNA as template. As shown in .F|nge
accurate genotyping for GSTM1 was performed using 3.0, 1.0
and 0.1ug membrane-bound genomic DNA. Both GSTM1-null

sequences were verified by dideoxy sequencing (results n&¥0) (sample MSK73, lanes 4-6) and GSTM1-positive (275 bp;
shown). These data suggested that the same membrane-bot#fple MSK75, lanes 8-10) genotypes were clearly discernible

DNA samples can be utilized for both hybridization studies agsing as little as 0.fig membrane-bound DNA as template for
well as PCR. PCR, with the positive control GSTM4 gene amplified in all

cases. These data suggest that successful PCR amplification car
: . ) ; be obtained when using quantities of membrane-bound DNA

Eﬁ gscaé)lhty of membrane-bound genomic DNA as template similar to the levels used in standard PCRs with free, unbound

genomic DNA as template.
DNA samples prepared from three oral cavity tumors (MSK73, To better evaluate the sensitivity of membrane-bound PCR, we
MSK75 and MSK80) were chosen for this study and werexamined PCR amplification of CYP2D6 exon 5 sequences using
analyzed for mutations pb3andpl16gene sequences and known5 and 20 ng of both membrane-bound and free genomic DNA. As
polymorphisms present in the GSTM1, CYP1A1 and GSTM3hown in FigurC, a CYP2D6 exon 5-specific amplimer (222 bp)
genes. These samples were chosen based upon the fact that eashobserved for PCRs with both 5 and 20 ng membrane-bound
DNA sample exhibited unique genetic characteristics witland free DNA used as template, with bands observed as early as
respect to gene mutations and/or XME genotypes. The mutatid3 cycles for the two DNA samples examined. Increased levels
genotype status of each DNA sample, elucidated in PCRs usiofjbackground amplification were observed in PCRs using these
free, unbound DNA as template, is shown in TahleTen lower DNA amounts (i.e. as compared with PCRs utilizbg0 ng
micrograms of each genomic DNA sample were blotted anBNA,; results not shown), but this background was observed for
crosslinked to nylon membrane as described in the Materials abhdth membrane-bound and free DNA. Background banding
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Figure 3. PCR amplification of membrane-bound genomic DNA for genetic
screening.A) SSCP analysis of exon 7 CYP1Al sequences PCR amplified
using slot-blot membrane-bound (SB) or free (F) oral tumor genomic DNA as
template as described in the text. DNA-bound membranes were: (i) used as
templates in nine previous PCR amplifications for all samples; (i) were utilized

. . o . for the PCR amplifications shown in Figure 2. Arrows indicate the polymorphic
Figure 2. Sequential PCR amplification of several different gene products cypiaival gliele. B) SSCP analysis @L6exon 2 sequences PCR amplified
using membrane-bound genomic DNA as templateQfral tumor genomic using membrane-bound (SB) or free (F) oral tumor genomic DNA as template
DNA (10g)-bound membrane strips were utilized in up to 15 sequential PCR a5 described in the text. DNA-bound membranes were used for four previous
amplifications of various gene products. Shown are 10-25% of PCR productspcr amplifications for all samples as shown in Figure 2. Arrows indicate
from five of these different amplifications. Membranes were stripped between ghjfted bands.@) Comparison of sequences of PCR products obtained using

12345678 910111213141516171819

each PCR amplification as described in the text. Lane 1%/ DNA bound (SB) or free (F) DNA as template for PCR. SSCP shifted bands were
marker; lane 2, negative control (membrane with no DNA); lanes 3-5, GSTML1 gigeoxy sequenced after low melting point agarose purification of PCR samples
and GSTM4, co-amplified (see text, PCR amplification 1); laneg@3&xon as previously described (15). The wild-type gene sequence is described

8 (PCR amplification 3); lanes 9-Ji16exon 2 (PCR amplification 5); lanes  petween the corresponding sequencing panels. Mutated nucleotides are
12-14,p53 exon 5 (PCR amplification 7); lanes 15-17, GSTM3 (PCR ngicated by an arrow. (Top)L6exon 2; (bottomp53exon 8.

amplification 9). Lanes 3, 6, 9, 12 and 15, genomic DNA from tumor sample

MSK73; lanes 4, 7, 10, 13 and 16, genomic DNA from tumor sample MSK75;

lanes 5, 8, 11, 14 and 17, genomic DNA from tumor sample MSK80.

(B) Oral tumor DNA samples MSK73 and MSK75 were used in GSTM1/ . . .

GSTM4 PCR co-amplifications using 3 (lanes 3 and 7), 1 (lanes 4 and 8) antlOt shown). In addition, the CYP2D6 exon 5 band intensity after
0.1pg (lanes 5 and 9) membrane-bound DNA. Shown is 30% of total PCR aftei36 cycles of PCRs using 100 ng membrane-bound DNA (result
electrophoresis and staining as described in Materials and Methods. PCR usi imi

0.1 pg free DNA is shown in lanes 6 (MSK73) and 10 (MSK75). Lane 1, WOt Shé)wn) WaSbSImIIaLtO ﬂ:ja[t;l)\lt?b\selrved E;_ft6€r 5(;) fgCIes of P(t'?R
SK/Hpall DNA marker; lane 2, negative control (membrane with no DNA). using . r)g mem Ifane', oun (anes an )’ suggesung
Upper arrow, GSTML: lower arrow, GSTMA)(Oral tumor DNA samples  that efficient amplification can be obtained for membrane-bound
MSK73 (lanes 3, 4, 7, 8, 12, 13, 16 and 17) and MSK75 (lanes 5, 6, 9, 10, 14?CR using as little as 5 ng template by optimizing PCR conditions
15, 18 and 19) were used for PCR amplifications of CYP2D6 exon 5 sequencegych as cycle number.

222 bp, indicated by arrow) using 20 (lanes 3-10) or 5 ng (lanes 12-19 - :
Snembrgne—bound (Ia)r/1es 3, 5) 7, 9,912, 121, 16 and 18)) or freeg(lfgnes 4,6, 8, )0 The efflc!ency of membrang-t_;ound DNA PCR.S was determined
13, 15, 17 and 19) DNA. Shown is 10% of PCR products after 36 (lanes 3-8y €xamining the relative ethidium bromide stained PBI of PCRs
and 12-15) or 50 cycles (lanes 7-10 and 16-19) of PCR. LaneHp#&K/  Utilizing the same amounts of membrane-bound or free DNA
DNA marker; lane 2, negative control (membrane with no DNA); lane 11, (data summarized in Takl®. The relative PBI ratios for 100 ng
positive control for PCR using 100 ng genomic DNA sample MSK75. membrane-bound DNA (FigB, lanes 5 and 9) versus 100 ng
free DNA (Fig.2B, lanes 6 and 10) were 0.19 for DNA sample
MSK73 and 0.66 for MSK75. This ratio increased to 1.1 and 2.9
appeared to be less in membrane-bound PCRs as compared ¥oth20 ng DNA [compare lanes 3 and 5 (membriamdnd) with
PCRs with free DNA as template after 50 PCR cycles (compatanes 4 and 6 (free), Fi@C] and 3.6 and 1.4 for 5 ng DNA
lanes 7, 9, 16 and 18 with lanes 8, 10, 17 and 19). Succesditompare lanes 12 and 14 (membrane-bound) with lanes 13 and
amplifications were also performed for each of six attempts a5 (free), Fig2C] for the same two DNA samples, respectively.
PCR utilizing these same DNA-bound membrane strips (resulfese data suggest that the efficiency of PCR appears to increase
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in reactions utilizing lower amounts of membrane-bound DNA apreviously and has been suggested to be due to amplification of
template. This is consistent with the fact that amplifications usingSTM3-like sequenced §). Also, SSCP analysis of CYP1Al

10 pg membrane-bound DNA resulted in PCR bands which werexon 7 PCR-amplified sequences showed that DNA samples
often the same or only marginally greater than that observed fBfSK73 and MSK75 exhibit a homozygous (lle/lle) genotype,

PCRs using 100 ng free DNA. whereas MSK80 is heterozygous (lle/Val), as shown in Figfure
Together, these results are in agreement with PCR results
Table 2. Efficiencies of membrane-bound:free DNA PCRs obtained for all polymorphic XME genes using free, unbound
DNA for all samples tested (see Tal)e
DNA (ng) DNA sample We also studied these membrane-bound tumor DNA samples

for mutations in thep53 andpl16 tumor suppresser genes, since

MSK73 MSK75 each tumor was shown to possess a specific mutational spectrum,
100 0.1% 0.66 as shown in Tabld. SSCP analysis qf53 and p16 showed
20 11 2.9 identical shifts with membrane-bound versus free DNA in PCR
amplifications of bottp16 (Fig. 3B) andp53 (data not shown).
> 36 L4 The SSCP shifted bands were sequenced forg&landpl6

Andicated are the ratios of membrane-bound:free DNA PBI as determined lge?tlcal dse.cmer]{%es Wer% Obs_ebrved d forf PCIDRN:mp![Iflcat;O?S
computer scanning of gel images (see Material and Methods). Ratios were de ?—r ormedwi el. .e.r membrane Oun QI’ ree as tempiate,
mined for PCRs of GSTM4 exon 4-5 sequences (100 ng DNA,; Fig. 2B; indicaté@f'th MSK75 eXh'bltmg a ,C"T transmon_l_n e>§on 8 of thp53
by lower arrow) or CYP2D6 exon 5 (20 and 5 ng DNA; Fig. 2C). gene and MSKB80 exhibiting a-GA transition in exon 2 of the
pl6gene (Fig3C). MSK73 exhibited both wild-type53andp16
We extended our analysis of membrane-bound PCR esults not shown). Similar to the situation observed when using

determine the utility of this technique for the ampilification of fee DNA samples as template for PCR, wild-type sequences

larger DNA fragments. We attempted PCR amplification of eéeé ﬁ:i%%?gﬁgﬁg;%Tfrr?o?gﬂg'ggtr'r?nlg?(arz)é%ﬂsrfgtr §k|1|own)
898 bp fragment comprising CYP2D6 intron 3—exon 5 sequenc P :

and a 1126 bp fragment comprisipfi8 exon 5—exon 7 sequences, O significant artifactual band shifts or sequencing results were
using either Fr)nerr(‘l:]brane-boupr)wd ng) or free (100 ng)qDNA_ observed for any of the PCR samples amplified using membrane-

Although bands corresponding to CYP2D6p&3 sequences bound PCR. Together, these results demonstrate that the sequence

were observed in most cases for both membrane-bound and ffagained for PCR-amplified bands using membrane-bound DNA
Stemplate were identical to those obtained using free, unbound

DNA PCRs, the efficiency of PCR was greatly reduced with a NA as template
membrane-bound DNA samples tested (results not showr). piate.
These results suggest that membrane-bound PCR may be less

efficient than free DNA PCR when amplifying longer fragmentsDISCUSSION

Genetic screening of PCR products obtained using PCR is a method of choice for molecular' b.iologists. anq is widely
membrane-bound genomic DNA as template used for several types of research and clinical applications. In this
report we describe a novel methodology, where membrane-bound
Each of the tumors used for this analysis were from individualBNA template can be re-used for PCR amplification of several
exhibiting specific genotypes for polymorphic XME genes (sedifferent gene sequences. To our knowledge this is the first study
Table1). PCR fragments generated by amplification of DNA-reporting the use of a re-usable source of DNA as a template for
bound membrane strips were screened by RFLP or SSC&petitive PCR amplification. We demonstrate that DNA cross-
followed by dideoxy sequencing to confirm gene sequences. Aigked by UV light to a solid support such as a nylon membrane
shown in FigureA (lanes 3-5), electrophoresis of PCR-amplifiedcould be used for multiple PCR ampilifications without any effect
products for the GSTM1 polymorphic gene shows that sampfeom previous reactions. By SSCP screening and DNA sequencing
MSK73 is homozygous null for GSTM1 (0/0), while bothwe showed that PCR of membrane-bound DNA results in
samples MSK75 and MSK80 exhibit GSTM1-positive genotypesdentical sequences to free DNA PCR amplifications without
as indicated by the presence of the GSTM1-specific 275 bp baradtifactual polymorphic amplifications caused by UV crosslinking of
The non-polymorphic GSTM4 gene was amplified in all samplethe DNA to the membrane. In addition, successful amplification was
as an internal control for PCR amplificatioi7). Some obtained for PCRs with as low as 5 ng membrane-bound DNA
background amplification was observed in GST PCR amplificatiorsnd band intensities from PCRs using lower amounts of
(see Fig2A and B, lanes 3-5) due, in all probability, to the usemembrane-bound DNA approached that of PCRs using higher
of three primers in this multiplex PCR assay. However, thiamounts of membrane-bound DNA simply by increasing the
background was observed for PCRs using both membrane-boungtle number. Furthermore, the efficiency of PCR at lower DNA
and free DNA as template. In addition, RFLP analysis of GSTMa@mounts (i.e. 5-20 ng) approached that of free DNA. The
gene sequences was performed dffetl digestion of PCR- relatively inefficient amplification observed when using higher
amplified product (Fig2A, lanes 15-17). The A/A genotype amounts of membrartasund DNA for PCR may be due to the
(digested fragments at 11, 51, 86 and 125 bp) was exhibited flaict that although more DNA is loaded into the well, the well
MSK73 and the A/B genotype was observed for samples MSK#&urface area remains unchanged. Therefore, less surface aree
and MSK80 (digested fragments at 11, 51, 86, 125 and 134 bp)ould be available for DNA binding, potentially resulting in
The upper 200 bp fragment observed after RFLArdFdigested  increased secondary and tertiary formations within the membrane-
PCR amplifications of both membrane-bound and free DNAound DNA, which could significantly decrease the relative
templates exhibiting the AB genotype is similar to that reportedmounts of DNA available for PCR amplification. Inefficient PCR
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from membrane-bound DNA was reported previousB),(but  primers. We also thank Roy White for use of his Mcintosh
this was for membrane-bound PCR using a relatively higbomputer and Photoshop/NIH Image 1.61 gel analysis system.
amount (ug) of a cDNA preparation (and not genomic DNA) This work was supported by NIH grants CA59917 (P.L.) and
as template. Together, the results obtained in this study suggb&/CA12206 (P.L.).
that membrane-bound PCR can be a highly sensitive and efficient
technique.
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