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restriction enzyme sites created by bisulfite
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ABSTRACT a b -2544 to -1522 of bovine CYP17A2 gene
Transfected fragment and ——> ‘r_> .
. . . . csifons of primers used for PCR
Bisulfite converts non-methylated cytosine in DNA to e BReES] o ot pRlvescrpt | KS” %

uracil leaving 5-methylcytosine unaltered. Here, pre-
dicted changes in restriction enzyme sites following _ I Tl
reaction of genomic DNA with bisulfite and amplification Frocitiod DA as ompiae ©
of the product by the polymerase chain reaction (PCR)
were used to assess the methylation of CpG sites. This

Dral sites created by bisulfite reaction - One Dra! site in unmodgified DNA

i GGACGTCC GAACCCGG
procedure differs from conventional DNA methylation o seaenss corccncs ermesocs
analysis by methylation-sensitive restriction enzymes Tepstand PR 00 e oty EETE crmaaace
because it does not rely on an absence of cleavage to Top sirand PR poductf 06 mehyeted 3133 e
detect methylated sites, the two strands of DNA Bottomsirand POR proclit it GG not methylated e
produce different restriction enzyme sites and may be Botom-strand PR product i GG methylated SAAE370C hxaccos
differentially analyzed, and closely related sequences - ol EooRl
may be separately analyzed by using specific PCR Stos trealc by sl veagion 9609 recogrilon

primers.

Methylation of CpG sites in DNA is an important control Figure 1. Examples of changes in restriction enzyme sites after reaction with
mechanism in developmen, dlfferentation and aging. Thefte The B riies Teamen T peuese CXEUA? e
bisulfite reaction, which converts non-methylated cytosine res'd“‘”éimers (arrows) used to amplify genomic DNAgfollowing reac?ion with
in DNA to uracil, while leaving 5-methylcytosine unaltered, haspisulfite. The positions of the primers used to amplify the top and bottom
greatly enhanced the analysis of methylated cytosine in genomigands differ slightly and are not shown separately. The primer pairs with
DNA. Here we demonstrate an addpta of the bisulfite positions a, ‘awere use(’j to amplify the transfected construct and the primer
modification method in which changes in restriction enzyme site8"> with positions b, ‘bwere used to amplify the endogenous genes. A

. . . > p-strand PCR product (primers B,ib shown together with the positions of
resulting from the action of bisulfite on methylated and NONpry) sites formed by the action of bisuffite, which may be used to monitor the
methylated CpG sites are predicted. The restriction enzym@mpleteness of the bisulfite reaction. Below are two examples of the creation
digestion of PCR products of bisulfite-reacted DNA allows rapidof new restriction enzyme sites, dependent respectively on the non-methylation
analysis of patterns of regional methylation or demethylation ofpoth top and bottom strands) or methylation (top strand only) of two CpG sites
genomic DNA where an analysis of the methylation status of ¢ seauence-
every CpG in the sequence is not required.

We wished to investigate the demethylation of the CYP17A2rlington Heights, IL) completely replaced dCT#. (The use of
gene in primary cultures of bovine adrenocortical céllsTo  an in-sample temperature probe (MJ Research Inc., Watertown,
provide a system for studying factors affecting this demethylatidA) ensured that the temperature required for proper denaturation
event, cells were transfected with a fully methylated fragment of ™C-substituted DNA (95C) was maintained for at least 20 s.
the CYP17A2 gene attached to a selectable plasmid. AsFortransfection, bovine adrenocortical cells were prepared and
previously described, a bovine genomic library was screenedgrown as previously describeg).(The methylated DNA fragment
using CYP17 cDNA. Thell kb Sal-Ecdrl insert of a was prepared for transfection by cleavage of the end$Sejith
hybridizingA clone, containing the entire coding region and 2.5 kifor which sites were incorporated into thebds of the primers.
of 5 flanking region of CYP17A2, was subcloned into pBluescripPlasmid pSV2neo was cleaved wibd. The two blunt-ended
Il KS~. Primers designed to amplify part of the plasmid (Eig. fragments were then ligated to each other to form concatemers (in
including part of the flanking region of the gene that undergoes3:1 ratio of CYP17A2 fragment to pSV2neo) using T4 DNA
demethylation) were used to sxnthesize a fully methylated DNWgase. The resultant high molecular weight DNA was transfected
fragment by PCR in whicie™2dCTP (Amersham Corp., by Lipofectin (Life Technologies) as previously describ@aiging
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20 pg DNA per 10 cm dish. Pooled transfectant clones wer g © b & C d ©

selected in medium containing 20/ml G418 for 14 days. PN S8 ég'g S
DNA isolated from transfected cells was reacted with bisulfitt gar;é‘f o .,srj;q*"b « &gé " gg&f o 5 i

using the procedure described by Frommeral (5). The STE PR E A SRS T A TR

modifications described by Feit al (6) were followed, except .
that DNA was prepared by needle shearing and the incubatiﬁsi:
with bisulfite was performed at 5@, as in the original method. st
Primers designed to be complementary to the sequence predic %
to be formed in the presence of bisulfite were used to amplify tt -
modified sequence by PCR (Fly. Separate sets of primers were 1ss

designed to amplify the top and bottom strands of the transfectcu

sequence and the endogenous genes. Highiavs examples of

restriction enzyme sites predicted to be formed by the action @fgure 2. Demonstration of creation and loss of restriction enzyme sites by
bisulfite on the transfected sequence. Restriction enzyme siteSriaction with bisulfite.d) Top-strand PCR product; bisulfite-treated control
the modified sequence were predicted using nucleic acid analydiwn-transfected) genomic DNA as template. The 760-bp product was
software (Vector NTI, Informax Corp.). Prediction of new Sitesampllfled from the endogenous CYP17 genes after reaction of genomic DNA

ith bisulfite. The pattern of digestion of the PCR product Bl indicat
was performed separately on the upper and lower DNA stran(iﬁ%a isuithe. | he panern ot Tigestion o e proic INCICaLes

. . t only bisulfite-modified DNA was amplified. The digestion whibki
anq the effeC'F of methylatlpn on each CpG site was asses_s%ﬂows that the CpG site shown in Figure 1 is non-methylated and the absence
Using all possible combinations of bases that surround CpG sites, digestion withAcil and Mbol shows that eight other CpG sites in the
we estimate thdi25% are amenable to analysis by this method?equence are non-methylated. The presence of a shorter band below the
; : : P : ; Il-length PCR product in thEcoRI lane indicates that the site shown in
0

.e. 25% Of CpG_S gl\_/e rl.se to restriction enzyme sites j[hat dn‘:feléjigure 1is partially methylated in these cells. Control digestions of other DNA
after reaction with bisulfite dependent on the methylation statugith Ecarl and longer digestions of the PCR product ithRI showed that
of the site. the result shown is not caused by a partial digestion by the enlzyifap-6trand

Amplification of the transfected fragment using bisulfite-treatedPCR product; bisulfite-treated genomic DNA from cells transfected with
genomic DNA as template was accomplished using a primépethylated DNA as template. The use of one plasmid-specific primer and one

. f ene-specific primer ensured that only the transfected construct and not the
complementary to the plasmid sequence together with a geng-

- - . . . . ) dogenous CYP17 genes was amplified. As in (a), the pattern of digestion of
specific primer (Figl). These primers did not amplify the genomic the 549 bp product witbral indicates that only bisulfite-modified DNA was
DNA sequence. As shown in Figile and c, restriction enzyme amplified. Digestion witfFold and the absence of digestion wAttil or Mbol
digestion of the PCR product indicates that the fully methylateGhOW that the originally fully methylated fragment has become demethylated

. : : the cultured cellsc) Bottom-strand PCR product; bisulfite-treated genomic
DNA fragment undergoes demethylatlon after transfection IntdgNAfrom cells transfected with methylated DNA as template. Digestion of the

these cells. The corresponding sequence of the e_ndogen_ous QeNEB4%p product witFokl shows that this CpG site has undergone demethylation
also non-methylated, as shown here @Egyconfirming previous on the bottom strand as well as the top strand in the transfected fragment.

analysis using methylation sensitive restriction enzymes and) Top-strand PCR product; methylated DNA fragment before transfection as
Southern blottingl(). The completion of the bisulfite reaction and Fseergﬁclea;]tié ﬁ)'}l*(‘)‘\’/\‘jigg é?fulﬁ[émrﬁéiiwféﬁoﬂeifZﬁgviﬂ ﬁgri?r?;?'zggr;tﬁ%ftﬁtﬁ?
the amp"f'ca“‘?” only of bisulfite-modified DNA was a‘SseSSGdfuIIy methylated fragment. This sequencé remains unmodified in the presence
by cleavage with enzymes suctaal that recognize sequences of bisulfite, demonstrated by complete digestion witi and Mbol and
containing only adenine and thymine, which are created by thengle-site digestion witbral.
action of bisulfite in non-CpG sequences (Ra-d). Lack of
bisulfite modification of the fully methylated fragment prior to
transfection was also demonstrated by the pattern of restriction
enzyme digestion (Fi@d).
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