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INTRODUCITON 

A. Statement of the Problem 

Methods developed foithe detection and characterization of single base 

substitutions·-in DNA have provided powerful tools for the molecular analysis of mutant 

human genes associated with genetic diseases (1 ~6)~ the establishment of genetic 

linkage maps (7), and great insight into DNA sequence requirements for correct gene 

expression (8). Me~ods currently used for the detection and characterization of single 

base mutations include phage cloning and sequencing (9), differences in restriction 
. . 

endonuclease cleavage sites ·(1 0,11 ), differences in the melting behavior of 

wild~type/mutant DNA duplexes (19), and hybridization with synthetic oligonucleotide 

probes (3,12~14). -It would be advantageous to develop. a method whereby a relatively 

large region of DNA, approximately 1-2 kilobases (kb), could be "scanned'v for the 

presence of mutations/deletions. Consequently, new base changes or dimorphisms 

could be characterized rather efficiently, aiding in the gene analysis of patients and 

contributing to our knowledge of the DNA sequence requirements for correct gene 

expression. -

This study describes the modification and application of a method which is 

useful for scanning a relatively large region of DNA, up to a kilo base (kb) or more, for 

the presence of single base substitutions. The procedure is based on methodology 

which has been developed for the in vitro biosynthesis of single-stranded (ss) RNA 



probes (15-18). The homogeneously labeled ss RNA probe is then annealed to its 

homologous DNA target sequence to form an RNA/DNA heteroduplex. Enzymatic 

cleavage of the RNA at a single base mismatch in the RNA/DNA heteroduplex results 

in labeled RNA fragments whose sizes are then analyzed by electrophoresis in a 

denaturing polyacrylamide gel. A single base mutation can be localized within the DNA. 

target sequence because the sizes of. the RNA fragments are dependent on the position 

of the misma~h within the RNA:DNA heteroduplex (Figure 1). 

In 1985, Myers, et al., reported the use of denaturing polyacrylamide gel 

electrophoresis to identify .. D~A~DNA heteroduplexes which contain a single base 

mismatc1t (1~). ··In this:proc~ure a "wild-:type'' labeled ss DNA probe is annealed to 
. ' ' . . 

the mutant DNA target region in cloned· or genomic DNA. The DNA:DNA 

heteroduplexes ar~ then analyzed by denaillrin:g:.p(>Iyacr}rlalnide gel electrophoresis. 

Identificati9n of a single base mismatch within the DNA:DNA heteroduplex is based on 

the observation ~at differences in DNA melting behavior ,i.e~, change in mobility are 

increased in heteroquplexes ~ontai.ni~g a single base mismatch. It was reported that by 

this procedure 20% of all possible sing-le base substitutions could be detected (19). 

Initially, it was thought that the use of ss RNA instead of ss DNA probes 

. would amplify the differential melting behavior associated with mutant heteroduplexes 

in the gel system described. Subsequently, it was shown that single base mismatches 

formed between RNA:DNA heteroduplexes in cloned DNA could be cleaved by RNase 
' . 

A (20). The single base mismatch .coUld then be localized by denaturing 
. . 

polyacrylamide gel electrophoresis. The intent of this project was to extend this 

procedure using. genomic, uncloned DNA. The analysis of/genomic DNA precludes-. 

the need to clone the gene of interest, thereby reducing the amount of work it takes for 

analysis and/or diagnosis. Clear advantages to this approach are that it precludes the 

cloning of the gene of interest and that a relatively large region of DNA could be 
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Figure 1. Detection and Localization of Single Base Substitutions by the RNase 

Cleavage Procedure 

A homogeneously labeled single-stranded (ss) RNA probe is 

synthesized with the. use of the SP6m in vitro transcription system. 

Double stranded p~asmid or amplified genomic DNA is 

denatured and. annealed to a large molar excess of the ss RNA probe. 

Treatment ·or the-hybridization reaction with a single-strand 

specific RNA endonuclease, RNase A, digests all unhybridized 

RNA probe ~d-cleaves the RNA:DNA heteroduplex at the position 

of the mismatched ~-ase. The RNase A resistant hybrids are then 

size fractionated by den~turing gel electrophoresis and detected by 

autoradiography. In the absense of a single base substitution 

(wild-type,wt), the full length RNA probe is recovered If the 

sample is heterozygous (HT) for a particular single base 

substitution, three RNA fragments will be observed: one, the size of the 

full length RNA probe, and two smaller RNA fragments that result 

from cleavage at the single base mismatch. Jf the sample is 

homozygous (HO) for a. particular single· base substitution, two 

RNA fragmentS will be observed that result from cleavage at the 

single base mismatch at both alleles. 
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analyzed. The ability to screen a large region of DNA is important when the gene of 

interest is very large, such as the Factor vm gene responsible for hemophilia. This 

approach could also be useful for locus assignment of a specific duplicate mutant gene, 

i.e., the human alpha- and gamma- globin genes, deletion-end mapping, and for . 

genomic sequencing. 

The human B-globin gene was chosen as a model system for the development 

of this method since there are many well characterized B~globin genes containing single 

base mutations. 

B. Detection of Sin~le Base Substitutions; Current Methodolo&,Y 

1. · Clonin~ and Seguencin& 

In order to charact~rize a possible single base mutation of a non-deletional 

mutant gene, regions of the gene are usually subcloned into a ·variety of DNA 

sequencing vectors in order to base sequence these regions by either the Maxam and 

Gilbert or Sanger methodologies. This approach is excellent for specifically defining 

the single base mutation or small deletion but may require· su~loning many different 

regions, each of which inay have to be sequenced -before the base mutation is found. 

If the location of the mutation is not known, the entire gene may have to be sequenced, 

region by region, untilt;he mutation is detected This can take many weeks before the 

actual mutation is detected. If the general location of! the mutation could be identified to 

within 100 bp 5' and 3', one could specifically sequence a particular region which 

would result in a considerable reduction in time and effort. 
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2. Restriction Endonucleases 

Since their application in the. field.ofmolecular biology, restriction 

endonucleases have been used for the detection ·Of single base mutations within or 

surrounding human genes. Many genes such as the as-globin gene, due to a single 

base change at codon 6 of GAG--> GTG, can be detected using restriction enzymes 

(10). The restriction enzyme Mst II recognizes the DNA sequence CCINAGG (N= 

A,G,C,T). The Mst TI recognition sequence is found in the BA allele at codon 6. 

However, the A-->T transv~rsion of the as allele abolishes the Mst II site enabling the 

BA and as to be distinguished by Southern blotting techniques~ Using a labeled 5' B 

DNA probe on Southern b.lo.tted Mst ·II digested genomic DNA~ the BA allele is 

Identified by :a· L2 kilo base (~b) fra~e~t while the as allele by a 1.4 kb fragment. The 

us~ of restriction enzymes to· detect -~ingle base· mutations depends on a particular single 

base substitution resulting ~ the loss or gain of a particular restriction enzyme cleavage 
' '' " .. ~ . 

. . . . ' 

site. However, it. would be necessary to use a large number of restriction enzymes 

before: a particular change in digestion patterns is detected. In addition, it is possible 

. that many substitutions cannot be ·detected by: this procedure because they do not alter a 
. . . -

restriction cleavage site. Nei arid Li developed a mathematical model for the 

evolutionary change of restriction sites in mitochondrial DNA and concluded that the 

probability that a given point mutation will result in a restriction enzyme site alteration is 

not great (21). R;J. Trent , et al., utilized computer analysis of the B-globin gene 

sequence to predict which of the 217 known B-globin chain variants, which result from · 
I 

. base subsitutions, would result in differences in restriction patterns of the B-gene. (22). 

Of the 217 B-chain variants, only 76 were shown to result in changes in restriction 

fragment patterns. In the case of the B-thalassemias where 29 different point 
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mutations have been identified, 21 do not result in the alteration of a restriction enzyme 

cleavage site and, therefore, are not detectable by Southern blotting techniques (23 ). 

The use of restriction enzymes in the characterization of known single base 

mutations is very useful and easy for such purposes as genetic screening of a large 

population~ prenatal diagnoses, and linkage assignment of mutant genes. However, 

the use of only restriction en~es to detect single base substitutions limits the 

accessment of total gene sequence variability and the identification of unknown single 

base mutations. 

3. Haplot)!pin~ 

Usmg.restriction enzyme mapping techniques, DNA sequence variations have 

been identified which have been termed polymorphisms or dimorphic restriction sites. 
. . 

The· presence or absence· of a dimorphic site can be identified using restriction enzymes 

and Southern blotting techniques by what are termed Restriction~Enzyme Fragment 

Length Polymorphisms (RFLP). Independently, Kan and Dozy (24) and Lawn (25) · 
. . . .... - - . 

described the frrstDNA dimorphisms in man within the .B-globin gene cluster. Lawn 

found a Pst I site polymorphism in the secondintron of the B~globin gene while· Kan 

and Dozy found a Hpa- I polyrilorphic site 5 kilobases (kb) 3' to the B~globin gene 

which was found usually associated with the as-globin gene. The presence or absence 

of the Hpa I site provided the first DNA-based prenatal diagnostic test for sickle cell 

anemia These and many other polymorphisms have been found to be non-randomly 

associated with each other into specific patterns which are considered to constitute . 

haplotypes. A haplotype identifies a particular chromosome. 
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Many haplotypes have been associated with specific types of B..;Thalassemia, 

ss, and Hereditary Persistence of Fetal Hemoglobin (HPFH) chromosomes (1). 

Orkin, et al.., in studying Mediterranean patients with different phenotypes of 

B-thalassemia, identified nine haplotypes (26). The close association of certain single 

· base mutations with certain haplotypes evident in the Mediterranean population 

suggested a systematic strategy in the analysis of the molecular basis of Thalassemia 

and other hemoglobinopathies. It should be noted that in most populations where a 

condition such as B-Thalassemia is common, a few mutations account for most of the 

mutant genes, e.g., the B0 39 mutation in the Mediterraneans is most commonly 

associated with haplotype ll. However, on average about 85 % of the occurances of a 

mutation are found within a single haplotype·(l). This means that about 15% of the 

mutations are not detectable by haplotyping alone and require alternative strategies of 

·analysis. 

4. Synthetic Oiigonucleotide Probes. 

Chemistries have recently been .developed to synthesize sequence specific 

oligOdeoxyribonucleotides. With the ability to synthesize sequence specific 

oligonucleotides, techniques were developed using radiolabeled oligonucleotide probes 

to detect certam single base m~tations in genomic DNA (27, 28) .. The detection of 

single base mutations is based on the differential melting behavior of wild-type and 

mutant DNA duplexes. By this method, a 32p labelbd synthetic· oligonucleotide probe, 

usually 19 or 20 nucleotides long, homologous to either a mutant or wild-type target 

sequence, is hybridized to test DNA immobilized on nitrocellulose membranes. The 

hybridization and washing conditions are then adjusted to allow differential melting of 
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the mismatched and perfectly paired target sequence duplexes which are then detected 

by autoradiography. This method is rapid and very useful for scoring single base 

mutations at specific, predetermined locations but is impractical for screening large 

regions of DNA since only 19-20 bases are analyzed at a time. To screen large regions 

of DNA, many oligonucleotide probes must be synthesized in order to "walk up and 

down" the region. 

5. Ribonuclease Cleavage at Mismatches in RNA:DNA Heteroduplexs 

Recently, a new approach was taken in the investigation of methods which 

could be useful in the detection of single base substitutions in genomic DNA . R.M. 

Myers~ et al., in the analysis·of mutations in cloned mouse B-globin gene promoter 

fragments, used single~stranded (ss) ... in vitro SYilthesized 32P-labeled RNA probes 

complementary to the "wild-type", i.e., normal, inouse B-globin gene promoter to 

screen for single base differe~ces between the cloned DNA fragment and the RNA 

probe (20). By amiealing the ss RNA probe to the cloned test DNA, regions of single 

base differences would form mismatches which would be suseptable to cleavage by a 

single strand specific RNA endonuclease. The location of the mismatch is then 

determined by analyzing the sizes of the RNA cleavage products by denaturing gel 

electrophoresis. The analysis of a1112 types of mismatches possible in. RNA:DNA 

heteroduplexes in several different sequence contexts, indicated-that more than 50 
.I 

percent of all single base substitutions could be detected It is the intent of this proJect· 

to investigate the feasibility of this approach to the detection and localization of single 

base substitutions in genomic DNA samples. 
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MATERIALS AND ME1HODS 

A. Materials 

1. Reagents 

All restriction endonucleases were purchased from Bethesda Research 

Laboratories (BRL) or New England Biolabs. pOEM plasmids were purchased from 

Promega Biotec. SP6 and T7 RNA polymerases and ribonucleotide triphosphates 

(rNTPs; A TP~ CTP, UTP, GTP) were purchased from Pharmacia. Calf intestinal 

alkaline phosphatase and·RNase A were purchased from Boehringer Mannheim 

Biochemicals. Diethylpyrocarbonate (DEPC) was purchased from Sigma. Radioactive 

nucleotides used in ss RNA probe synthesis were purchased from Amersham while 

other radioactive nucleotides were purchased from ICN. Other chemicals/reagents were 

of the highest purity available and obtained from either Fisher~ Sigma, or BRL. 

2. Recombinant Plasmids 

The structure ofplasmids pGEM 3 and pGEM 4 are shown in Fimrre 2. 
I 

pGEM 3 and pOEM 4 contain a pUC18 derived multiple cloning region flanked by SP6 · 

and T7 bacteriophage RNA polymerase promoters and differ only in orientation of their 

pUC18 derived multiple cloning region. 
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Figure 2. Map of In vitro Transcription Plasmids pGemini (pOEM) 3 & 4 

Maps of plasmids pOEM 3 & 4 are shown illustrating the position of the 

pUC18 derived multiple cloning site and bacteriophage SP6 and T7 

RNA polymerase promoters. Arrows show the direction and start of 

transcription from each promoter. Single restriction enzyme sites are 

shown. Restriction cleavage sites' are numbered relative to the SP6 

transcription start site (position 0). Reprinted with permission of 

Promega Biotec~ August, 1987. 
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The Riboprobe Control DNA Template (Promega Biotec) is a mixture of 

plasmid DNAs which have been lineanzed with Hind m, EcoR I, and Hinc II and is 

used as a control of the level of in vitro .transcription (Figure 3). Transcription with 

SP6 RNA polymerase produces ss RNA transcripts of 11, 172 and 1386 nucleotides 

(nt). Transcription with RNA polymerase T7 produces transcripts of 43, 679 and 

1418 nt. 

The plasmid pSV2BS-neo (Figure 4) was C()nstructed by subcloning a human 

BS-globin gene as part of a 5.0 kilobase (kb) Bgl ll fragment into theBamH I site of 

pSV2-neo (30). 

The plasmid pSVBCAT, a gift of Dr. Kenneth Lanclos at the Medical College . 

of Georgia~ Augusta, Georgia, ~as constructed as illustrated in Figure 5. The 5'. 

promoter sequences of the human .B-globin gene are contained within a 700 base pair 

(bp) lfgiA I fragment. The 700 bp HgiA I fragment was treated with Bal31.nuclease 

to remove from the 3' end the extreme 5' region of Exon I and most of the 5' 

untranslated sequences located between the cap site and "the initiation codon, AUG. 

This leaves only promoter sequence elements in the fragment. After Bal 31 nuclease 

digestion~ Hin d m linkers were added and the fragment ligated into the Hin d m site 

of the expression vector pSVCAT. 

Construction and structure of the plasmid pBa-P-Nilotic, a gift of Dr. Kenneth 

Lanclos at the Medical College of Georgia, Augusta, Georgia, is shown in Figure 6. 

Construction and structure of the plasmid pSVBA, a gift of Dr. Mary Donovan

. Peluso at the College of Physicians and Surgeons, Columbia University,.New York, 

New York, is shown in Figure 7. 
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Figure 3. Promoterflnsert Re~on of the Ribqprobe Control Plasmid Template 

The cloned DNA template (thick line) is shown flanked by SP6 and 

'17 RNA polymerase promoters (empty boxes). Restriction enzyme 

sites used in the template linearization are shown. RNA transcript 

sizes generated using either SP6 or T7 RNA polymerases are shown 

below. Sizes of the transcripts are in nucleotides (nt). Reprinted with 

permission of Promega Biotec, August, 1987. 
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Figure 4. Structure o~ Plasmid pSY2~s~ 

· pSV2BS-neo was constructed by cloning a normal ss-globin gene 

as part of a 5.n kbp Bgl n fragment into the BamH I site of the 

expression vector pSV2-neo. Exons of the cloned as gene are 

represented_ by solid ( - ) regions, intervening sequences by open 

regions ( c:J ), and 5'/39 untranslated sequences by hatched ( ~ ) 

regions. SV 40 sequences are indicated by the dotted region. Ampicillin 

( 1111111 ) and neomycin ( 83E33 ) resistance genes are also indicated. 

Selected restriction sites for both plasmid and insert are indicated by one 

letter abbreviations: H- Hinc IT; P- Pst I; E-EcoR I; B~ Bgl IT; BIB

Bgl IIJBamH I junction. A 1.3 kbp Hinc II/BamH I fragment which 

was subcloned irtto pGEM 3 is shown. A 1. 7 kbp BamH 1/Pst I 

. fragment which. was subcloned into pGEM 4 is shown. 
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Figure 5. Strncrure and Construction of Plasmid pSVBCA T 

Diagram illustrating the construction of the plasmid pSVBCA T which 

contains a B-globin gene promotero A 700 bp HgiA I fragment from a 

BAgene was isolated, treated with Bal31 nuclease, Hind ill linkers 

were added, and the fragment ligated into the Hind m site of pSVO-cat 

This 700 bp fragment contains the promoter sequence elements involved 

in regulation of correct gene expression. The chloramphenicol 

acetyltransferase (cat) gene is denoted by the· dotted box ( 1111111111 ) with 

· the arrow indicating direction of transcription. Early and late regions of 

SV 40 are also indicated ·The SV 40 polyadenylation signal sequence is 

indicated by AAA. 
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Figure 6. Structure and Construction of Plasmid pf3d-P-Nilotic · 

The plasmid p.Ba-P-Nilotic was constructed by cloning into the.Pst I site 

ofpAT-153~ a 3.8 kbp Pst I fragment containing the B-a hybrid gene of 

Hb P~ Nilotic. In the P-Nilotic gene· structure shown above, the BA 

derived portions (exons) ~ denoted by solid ( - ) boxes while the 

a gene derived portions are denoted by a dotted ( - ) boxes. 

5' and 3 untranslated sequences are· shown as hatched ( ~. ) boxes. 
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Figure 7. Structure and Construction of Plasmid pSYBoD 

The human .6A..globitl gene was cloned as a 4.4 kbpPst I fragment 

into the Pst I site ofpSVoD. The 4.4 kbpPst I fragment containing 

the .BA_globin gene is illustrated above denoting the exons as s~lid 

( - ) boxes, mtexvening sequences as open boxes ( [::J ), and 5' 

and 3v untranslated sequences as hatched ( .~ ) boxes. The solid 

line denotes .B gene flanking intergenic sequences. The plasmid pSVoD 

is illustrated below showing the transcriptional orientation of ampicillin 

and tetracycline resistance genes and SV 40 sequences as a dotted 

( Em ) box. These figures are riot drawn to scale. Some restriction 

sites are shown for vector and insert sequences. 
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B. Methods 

1. Blood Collection 

Blood samples from patients with different hemoglobinopathies were obtain 

from the Pediatric Sickle Cell Clinic at the Medical College of Georgia, Augusta, 

Georgia~ after informed consent was obtained. Blood was obtained in ethylene diamine 

tetraacetate [EDT A] vacutainer tubes. 

2. Isolation of Human Genomic DNA From Peripheral Blood 

Lymphocytes 

Isolation of human genomic DNA from peripheral blood lymphocytes was 

performed according to the method described by Poncz, et al .. (29). Details are given 

in the Appendix. 

3. Restriction Endonuclease Digestion of Plasmid and Genomic 

DNAs. 

All restriction en:z:yme digestions of plasmid or genomic DNA samples were. 

conducted:in the recommended reaction buffer for that"enzyme as suggested by the 

manufacturer. Plasmid DNA digestions were performed using 1 unit enzyme per 
. . 

1 microgram(J.lg) plasmid DNA and genomic l)NA digestions used 3-5 ·units per J.lg 
. . 

DNA. All digestion mixtures were incubated at 37 <>c for 1-2 h~urs for plasmids and 
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4-5 hours for genomic DNA samples. Mter the appropriate incubation time, a small 

aliquot of the digestion was analyzed for completion by agarose mini-gel 

electrophoresis parallel to a small amount of undigested DNA. If complete digestion 

was confirmed, digestion was terminated by the addition of EDTA to 20 mM. If the 

digestion products were to be used for solution hybridization, subcloning, or as 

template for RNA synthesis, they were extracted once with an equal volume of a (1:1) 

phenol/chloroform:isoamyl alcohol (24:1;v/v) solution, vortexedfor 10 seconds, and 

centrifuged at 13,000 x g for 5 minutes. The upper aqueous phase was carefully 

removed to a new steri).e microcentrifuge tube and extracted twice with equal volumes 

of chlorofonn:isoamyl alcohol (24:1;v/v). The DNA was precipitated with-the addition 

of0.5 volumes of7.5 M ammonium acetate and 2 volumes of95% ethanol, mixed well 

and placed at -20 OC for 30 minutes. The DNA was collected by centrifugation for 30 

minutes at 13,000 x g, washed with 1.0 ml of70% ethanol, and briefly vacuum dried 

to remove any residual ethanol. The DNA was then dissolved in an appropriate volume 

of sterile TE (10 mM Tris-HCl; pH 7.4 , 1.0 mM EDTA) and stored at 4 OC. In the 

case of a double digestion, the second restriction enzyme digestion including 

. extractions and precipitations was performed as described above. 

_ 4. Construction of recombinant in vitro "run off' transcription plasmids 

containing portions of the B-globiri gene. 

The plasmid pSV2BS-neo contains a BS-globin gene as part of a 5~0 kb Bg! IT 

fragment in the plasmid pSV2-neo (Figure 4). Upon computer assisted sequence 

analysis of the 5.0 kb Bgl ll sequence, a 1.3 kb Hinc IT-BamH I and a 1.7 kb 

BamH I-Pst I fragments were chosen for subcloning into plasmid vectors pGemini 3 
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and 4 (pOEM 3 and 4), respectively. These fragments of the B-globin gene were 
t> 

chosen as candidates for subcloning into pOemini vectors because their lengths were 

within the limits of the "run-off' transcription reaction and they contained all of the 

structural B-globin gene as well as all known sequences 5' and 3' involved in correct 

gene expression. 

The 1.3 kb Hinc IT-BamH I fragment spans a region from -815 to +476 

(relative to the B-gene cap site, position 0) of the as-globin gene. Within this fragment 

are all known 5' promoter sequences as well as Exon I, IVS II and 205 bp of Exon IT. 

The 1.7 kb BamH I-Pst I fragment spans from position +477 and e~tends to position 

+ 2166. Contained in this fragment are the last 18 bp of Exon II, IVS ill~ and Ex on ill, 

as well as 690 bp extending 3' from the termination codon c~ntaining the 

polyadenylation signal sequence. 

a) Preparation of pOEM 3 and pOEM 4 vectors for ligation 

The plasmids pOEM 3 and pOEM 4 were chosen as subcloning vectors of the 

1.3 kb Hinc IT-BamH I and 1.7 kb BamH I-Pst I fragments, respectively. Maps of 

pOEM 3 and pOEM 4 are shown in Figure 2. It should be noted that pOEM 3 has only 

6 bases between the SP6 transcription start site and the Hind ill site of the poly linker 

and 9 bases between the T7 transcription start site and the EcoR I site of the poly linker. 

pOEM 4 has 9 bases between the SP6 transcription start site and theE coR I site of the 

poly linker and 10 bases between the 17 transcription start site and the Hind m site of. 

the poly linker. The strategic positioning of the SP6 and T7 promotor sequences allows 

"run-off' transcription of either the coding ( +) or non-coding ( ~) strand of the cloned 

DNA ins~rt betWeen the two promotors from a single plasmid construct. 
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Plasmids pGEM 3 and pOEM 4 were prepared for ligation by double digestion 

with restriction enzymes which would pnxiuce cohesive ends allowing the selective 

ligation of the 1.3 and 1. 7 kb as fragments. pOEM 3 was digested with Hinc II and 

,BamH I producing cohesive ends to the i.3 kb Hinc IT-BamH I fragment pGEM 4 

was digested with BamH I and Pst I producing cohesive ends to the 1. 7 kb BamH I

Pst I fragment. 

T4 DNA ligase catalyzes the formation of the phosphodiester bond betWeen 

neighboring nucleotides only if they contain 5'-phosphate and 3'-hydroxyl groups. 

Since each plasmid was digested with two enzymes which produce unique cohesive 

ends, removal of the 5'-phosphate groups was not necessary. However~ to prevent the 

recircularization of partially digested plasmids (i.e., linearized by only one of the tWo 

restriction enzymes), the 5'-phosphate groups were removed by treatment with calf 

intestinal phosphatase (CIP ~ Boehringer Mannheim). 

To 10 Jlg of digested pGEM DNA (a total of 20.2pmole 5'/3' ends) was 

added 5.0 J.il of 10 x CIP reaction buffer (500 mM Tris-HCl; pH 8.0~ l.O mM EDTA), 

0.2 units CIP and sterile deionized .water ( dH 20) to a final volume of 50 J.il. The 

reaction mixture was incubated for 60 minutes at 37 oc. The reaction was terminated 

by addition of nitriloacetic acid to 10 mM and heating for 45 minutes at 65 OC. DNA 

was phenol extracted and ethanol precipitated as described above. 

b) Subcloning the 1.3 and 1.7 kb fragments from pSV2BS-neo mto pOEM 3 

~d pGEM 4, respectively 

Ten micrograms of pSV2BS-neo were sequentially digested to completion with 

Hinc IT-BamH I or BamH I-Pst I to yield 1.3 and 1.7 kb fragments, respectively. 
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Each digestion generated two fragments with 5'and 3' ends specific for one of the 

restriction enzymes. The Hinc IT-BamH I digestion produced eight fragments of which 

two, a 1.3 kb and a 18 bp fragment, contained Hinc n and BamH I ends. The 

BamH I-Pst I digestion also generated eight fragments of which two, a 1.7 kb and a 

980 bp fragment7 contained BamH I and Pst I ends. This allowed direct use of the 

pSV2BS-neo double-digestion _products in a ligation reaction with the appropriately 

double digested pOEM vector without subsequent isolation of the target fragment. 

For ligation approximately 2.0 JJ.g of plasmid DNA (4.0 pmole 5'/3' ends) 

was mixed with 0.2 Jlg of insert, digested pSV2.BS-neo (0.4 pmole 5'/3' ends). One 

reaction contained Hinc II-BamH I digested pSV2.BS-neo and Hinc IT-BamH I digested 

pOEM 3. The other reaction contained BamH I- Pst I digeste(lpSV2BS-neo and 

BamH I-Pst I digested pOEM 4. The final reaction mixtures were made by adding 

. 2.0 JJ.llO x T4 DNA ligase reaction buffer (500 mM Tris-HCI; pH7.6, lOO.mM 

MgCI2, 100 mM DTI, 10 mM ATP), 1 unit ofT4 DNA ligase (BRL) and sterile dH20 

to 20 JJ.l. Polyethylene glycol was added to 5.0% in the ligation mixture-including 

the Hinc 11-BamH I fragments to facilitate the ligation of the blunt ends produced by · 

Hinc II(31). Each reaction was incubated at 26 oc for 4 hours. A small fraction of 

each reaction was· analyzed by agarose gel electropho~sis to check for the efficiency of· 

ligation. 

c) Bacterial Transfoimation 

Competent E. coli strain HB 101 cells were obtained from BRL 

(cat.# 8260-SA). Bacterial transformation of recombinant plasmids was performed as 

described by Hanahan (32). Details of the procedure are given in the Appendix. 
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d) Identification of recombinant plasmids by in situ hybridization 

Ampicillin resistant bacterial colonies were screened with labeled DNA probes 

by a modification of the colony hybridization procedure as describe9 by Grunstein and 

Rogness (33). Ampicillin resistant colonies resulting from transformation by the 

ligation reaction products of Hinc IT-BamH I digested pSV2BS-neo and pGEM 3 were 

screened with a 5' B DNA probe. The 5' B probe will detect pGEM 3 recombinants 

carrying the 1.3 kb Hinc IT-BamH I B~ fragment. Colonies resulting from the 

transformation with the the ligation products of BamH I-Pst I digested pSV2BS-neo 

- and pOEM 4 were screened with a B IVS n DNA probe. The B IVS n probe will detect 

pGEM 4 recombinants carrying the 1.7 kb BamH I- Pst Iss fragment. 32P-labeling of 

the DNA probes used for screening bacterial colonies was done using a modification of 

the procedure of Feinburg and Vogelstein (34,35). 

e) Large scale isolation of plasmid DNA 

Recombinant bacteria were grown in liquid culture until exponential growth 

occured, at ·which time chloramphenicol was added to the culture to increase the 

plasmid copy number per cell.· The plasmid DNA was then isolated by the alkali-lysis 

method as described by Maniatis (3~). Details of the modified alkali lysis procedure are 

des~ bed in the J\.ppendix. Sephacryl S-1000 gel filtration purification of plasmid 

DNA was performed as described by Norgard (37) with some slight modifications .. 
i . 

S-1000 ·chromatographic separation.ofplasmid DNA from bacterial RNA was 

done on a 2.5.cm wide x 100 em long column packed with Sephacryl S-1000 

(Pharmacia Fine Chemicals, Piscataway, N.J.). The packed column was equilibrated 
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with running buffer composed of 10 mM Tris-HCl; pH 7.4, and 1 mM EDTA. The 

plasmid preparation from a one liter culture, after RNase T 1 treatment, was layered onto 

the top of the column and chromatographed with running buffer at a flow rate of 

12.0 ml/hour usually for 12 to 16 hours. One and one-half milliliter fractions were 

collected and the absorbance of each fraction was read at 260 nm with a Beckman 

spectrophotometer. A chromatogram illustrating the separation of plasmid DNA from 

bacterial RNA is shown in Figure 8. Approximately 20 Jll of peak fractions were 

analyzed by agarose gel electrophoresis to confirm their identity as either plasmid DNA 

or bacterial RNA. The plasmid DNA peak fractions were then pooled and the plasmid 

DNA was precipitated with the addition of 0.5 volumes of 7.5 M ammonium acetate 

and 2 volumes of 95% ethanol. The plasmid DNA was centrifuged for 30 minutes at 

15,000 RPM, washed with 70 % EtOH and dissolved in TE. 

5. In Vitro "Run-Off' Transcription Procedure for the Synthesis of High 

Specific Activity Single-Stranded (ss) RNA Probes·. 

The in vitro transcription system is based on the specificity of bacteriophage . . 

SP6 and T7 RNA polymerases to initiate RNA synthesis, 5'--> 3'~ exclusively at their 

corresponding promoters. Using recombinant pOEM plasmids as DNA templates, 

single-strand (ss) RNA probes can. be synthesized from either the coding(+, sense) or 

non-coding(-, anti-sense) strand of a subcloned DNA_insert. 

The term "run-off transcription refers to the way that RNA polymerase 

synthesizes a ss RNA molecule from a linear plasmid template~ The recombinant 

plasmid is linearized at a single restriction site contained in the cloned DNA insert 

downstream from a particular RNA polymerase promoter (SP6 or 17). The linear 
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Figure 8. Separation of Plasmid DNA (pDNAl from Bacterial RNA by 

Se_phaczyl S~l()QQ Gel Filtration Chromatqgraphy 

Plasmid DNA was prepared using the Alkali Lysis Method as described 

in the Appendix. Following RNase T 1 digestion~ the plasmid 

DNA/bacterial RNA sample was layered on a 2.5 em x 100 em column 

packed with·Sephacryl S""lOOO. The packed column was equilibr:ated 

with running buffer composed of 10 mM Tris-HCI; pH 7.4 and 1 mM 

EDTA. Chromotography was conducted at a flow rate of 12 ml/hour. 

1.5 ml fractions were collected and the absorbance at 260 nm of each 

·fraction was determined.· The identity of each fraction was .confirmed 

by agarose gel electrophoresis and ethidium bromide staining. 

pDNA =plasmid DNA. 
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plasmid is then used as template for transcription by a particular RNA polymerase 

(SP6 or 17). The RNA polymerase, recognizing its sequence specific promoter, 

initiates transcription 5'---> 3' and transcribes ass RNA molecule off one strand of the 

DNA insert. When the RNA polymerase reaches the end of the template (i.e., site of 

linearization), the RNA polymerase and ss RNA transcript fall off the DNA template 

and the RNA polymerase· is recycled for another round of transcription. 

Synthesis of high specific activity ss RNA probes was performed as described 

by Johnson and Johnson (15) and Melton (16,17). In a typical reaction, 1 J.lg of linear 

recombinant plasmid DNA template was transcribed in a 20 J.ll solution containing 

40 mM Tris.:.HCl; pH7.~, 6 mM MgC12, 2 mM spermidine, 10 mM dithiothreitol 

(OTT), 1 unit/J.ll ribonuclease inhibitor (RNasin®, from human placenta, Promega 

Biotec), 100 J.lg/ml BSA (DNase-free, RNase-free), 400 J.lm each of GTP, UTP, and 

A TP, · 25 J.LM CTP, and 50 J..1Ci 32p_CfP (Amersham, 20 mCi/ml, 800 Ci/mMol). 

Four :units of SP6 or T7 .RNA polymerase is added per p.g DNA template and the 

transcription reaction incubated at 39-40 OC for 60 minutes. The components of the 

transcription re.action are mixed at room temperature because at 0 oc, spermidine can 

cause the DNA to precipitate. 

Following RNA synthesis, the plasmid DNA template is removed by digestion ·

with 1 unit/Jlg RQ1 DNase (Proinega Biotec, an RNase-free DNase) at 37 °C for 15 

minutes. The reaction mixture is then extracted once with~ equal volume of a 1:1;v/v 

mixture ofphenoVchlorofonn:isoamyl alcohol (24:1;v/v) followed by two extractions 

. with an equal voliune ~f chlorofonn:isoamyl alcohol (24: l;v/v). The unifonnly labeled 

ss RNA is then-precipitated by the addition of 10 J.lg carrier tRNA (bacterial, E. coli 

strain W, Sigma), 0.5 volume of7.5 M ammonium acetate and 2 volumes·of95%. 

EtOH.· The RNA is pelleted by centrifugation for 30 minutes at 13,000 x g, washed 

twice with 70 % ethanol, briefly vacuum dried, and dissolved in 100 J.ll of 80 % 
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formamide hybridization buffer (freshly deioniZed fo~de; 80 %, 40 mM 
. ' 

Piperazine-N,N'-bis[2-ethane-sulfonic acid [PIPES]; pH 6.4, 400 mM NaCl, ~d 

1 mM EDTA) and stored at -20 °C. RNA probes were stable up to three weeks at 

-20 OC with little evidence ofdegradation. A· typical in vitro reaction yielded 

approximately 300 to 400 nanograms (ng) of ss RNA at a spe~ific activity of 5 x 107 

cpm/Jlg. 

It is important before beginning a "run-off' transcription reaction that the 

plasmid template be completely linear to ensure that full-length transcripts are 

generated. The presence of circular pla.Smid molecules will result in the synthesis of ss 

RNA transcripts containing both insert and vector sequences in addition to shorter 

transcripts as the limiting nucleotide concentration falls below 12 J.LM (16). 

6. Solution Hybridization of ss RNA Probes to DNA Target Sequences. . 

Aqueous formamide is a useful solvent in solution hybridization reactions 

because. the rates of RNA:DNA and DNA:DNA reassociation reactions proceed at a 

much lower temperature than in purely aqueous solvents (38,39). In designing 
. . 

solution hybridization experimentS where a ss RNA probe is in sequence excess to the 

DNA target sequence, it is imperative to establish reaction conditions that minimize the 

formation of DNA:DNA homoduplexes, i.e~,- reannealing of the denatured ds DNA, 

while promoting the formation of RNA:DNA heterOduplexes. 

White and Rogness (40) and Thomas (41)-reported that when a mixture of ss. 

RNA and a larger duplex DNA fragment containing within it a segnient complementary 

to the ss RNA ·was denatured and then incubated in a high percentage formamide buffer 

at a temperature just below the melting temperature (T m) of the DNA duplex, the exces~ 
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ss RNA displaces its complementary DNA sequence and forms a duplex .with its 

complementary DNA sequence. Casey and Davidson in 1977 concluded that in high 

percentage formamide solutions, RNA:DNA heteroduplexes are thennally more stable 

than their DNA:DNA homoduplexes of the same sequence ( 42). In general9 this 

thermal stability was determined by the G + C content of the hybrid and that with 

increasing G + C content, RNA:DNA hybrids become more thermally stable than their 

DNA:DNA counterparts. Mer denaturation of the DNA duplex, incubation at a solvent 

temperature intermediate between the melting_temperature for DNA:DNA and 

RNA:DNA hybrids results in RNA:DNA heteroduplexes forming almost quantitatively 

whereas no DNA:DNA homoduplexes form. Casey and Davidson also reported that 

the optimal buffer conditions for the formation of RNA:DNA hybrids was a solution of 

deionized formamide; 80 %9 0.4 M NaCl (equal to approximately 2 X SSC)9 and 

0.01 M PIPES; pH 6.4 (42). This buffer formulation was chosen for use in all ss 

RNA probe solution hybridization experiments. 

To prepare a cloned or genomic DNA sample for RNase cleavage analysis, the 

DNA was first digested with a restriction enzyme which cuts outside the region 

complementary to the ss RNA probe. The DNA was then extracted and precipitated as 

previously described. The DNA pellet was then dissolved in the 80% formamide 

hybridization buffer to a final concentration-of 10 J.Lg/ml for cloned DNA and 

500 J.Lg/inl for genomic DNA sample~. Approximately 1 x 105 cpm or 2 x 106 cpm 

of ss RNA was then added to the cloned orgenomic DNA samples9 respectively. The 

fmal volume of the mixture was brought up to 30 J.Ll with 80 % hybridization buffer. 

The mixture was then heated for 10 miriutes in a 90 oc waterbath to denature the 

double-strarided DNA molecules, centrifuged for 10 seconds to remove any 
. . 

condensation from the microcenirifuge tube walls, and immediately placed in a constant 

temperature water bath set at the correct incubation temperature for 12 to 16 hours. 
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7. RNase A Digestion of RNA:DNA Heteroduplexes 

. After the hybridization period,. the reactions were removed from the water 

bath and cooled to room temperature. Ribonuclease A (RNase A) was dissolved in 

sterile distilled water at a concentration of 1 mg/ml then placed in boiling water .for 10 

minutes to inactivate any contaminating DNases. The RNase stock solution was stored 

at 4 oc for up to one year. At room temperature, 350 Jll of a solution of RN ase A 

(Boehringer Mannheim or Pharmacia, 40 Jlg/ml.) in 10 mM Tris-HCI; pH 7.5~ 1 mM 

EDTA, 200 mM NaCl, and 100 mM LiCl was added to the hybridization mixture. The 

. sample was mixed by gently vortexing, centrifuged, then incubated for 30 minutes at 

25 oc. To the mixture was added 10 Jll of 20 % SDS and 10 Jll of Proteinase K 

(10 mg/ml; Sigma, Fungal) and incubated at 37 oc for 15 to 30 minutes. The sample 

was extracted once with phenol~ once with chioroform/isoamyl alcohol (24: 1~ v:v), ~d 

then ethanol precipitated in the presence of 10 J.Lg carrier tRNA (bacterial, E.coli strain 

W, Sigma) as previously described. The RNA:DNA heteroduplexes were dissolved in 

4 Jll of denaturing gel loading buffer (freshly deionized formamide; 90 %, 1 X TBE; 

[10 X TBE; 0.89 M Tris-HCI; pH 8.6, 0.89 M boric acid, 0.~2 M EDTA], 0.25 % 

xylene cyanol and bromophenol blue). The sample was then analyzed by denaturing 

polyacrylamide gel electrophoresis. · 

8. Denaturing Gel Electrophoresis 

. I 

Denaturing polyacrylamide gels were assembled using an LKB MacrophorTM 

DNA sequencing gel apparatus. Gel dimensions were 0.4· mm thick by 53 em in · 

length. The polyacrylamide percentage of these gels varied depending on the size of the 
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RNA probe used in the experiment but typically ranged from 4 to 6 percent. Each gel 

contained as a denaturant, 8 M urea. Gels were prepared using a 40 % stock solution of 

acrylamide and bis-acrylamide (20:1) which was prepared with DEPC treated deionized 
. I 

water and stored in amber bottles at room temperature~ For each g~l a 100 ml gef 

solution was prepared with 48 grams of urea (Fisher, ACS grade), 10 ml of 10 X TBE, 

a predetermined volume of the 40 % acrylamide stock solution depending upon the 

percentage gel, an~ sterile, DEPC treated deionized water to 100 ml. The solution was 

then filtered through a 0.45 Jlm glass filter and degassed for 12-.16 hours. 

The two glass plates which form the gel were treated with solutions to bind the 

polyacrylainide gel to one plate and to repel the gel from the other. This results in easy 

handling of the gel. One glass plate was treated with a solution of 

gamma-methylcryloxypropyl-trimethoxysilane (Bind-Silane, LKB) to facilitate the 

binding of the polyacrylamide gel to the plate. The other plate was treated with a 2 % 

(w/v) solution of dimethyldichlorosilane in 1,1,1-trichloroethane (Repel-Silane, LKB) 

to aid the separation of the glass plate from the gel. 

To the 100 m1 degassed acrylamide gel solution was added 800 J.l.l of a freshly 

prepared 10 %·ammonium persulfate solution (Bio-Rad, elec~ophoresis grade) and 

80 J.ll ofTEMED (N,N,N\N',-tetramethylethylenediamine, Kodak) to initiate gel 

polymerization. The solution was gently swirled and then immediately poured between 

. the assembled glass plates and a 20 well 0.4 mm comb was placed betWeen the rabbit 

ear notches. The gel sandwich was clamped With large· bulldog clips and allowed to 

polymerize at r~m temperature for 60 minutes. The gel was attached to the upper and 

lower buffer chambers and pre-run for 2 hours at 20 V /em at 65 oc with 1 X TBE 

running buffer. Before loading the gel, each sample was heated for 4 minutes in a 

90 oc water bath then immediately loaded into sample well. Electrophoresis was 

carried out at a constant temperature. of 65 oc and at 30 V /em for 90· min~tes. 
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9. Autoradiography and Analysis of Data 

Upon completion of the electrophoresis, the gel sandwich was disassembled 

from the ele¢trophoresis apparatus and allowed to cool to room temperatureo The glass 

plate t~ which the gel was attached was carefully removed and placed in 1000 ml of a 

10% acetic acid solution. for 30 minutes. ·The fixed gel was then dried with a portable 

hair drier (Sears), covered with Saran wrap, and exposed to DupontCronex® X-ray 

film without intensifying screens at room temperature. A 24 hour exposure was 

sufficient to detect strong signals. The film was subsequently developed in a Kodak 

X-ray film processor. 

The size of labeled RNA fragments was detennined by the comparison of rates 

of mobility to end-labeled ss DNA fragments of known size run in each geL A DNA 

sequence analysis program was used to determine the sizes of unknown RNA 

fragments (43). 

10. Enzymatic Amplification of Specific Genomic DNA Sequences: 

Polymerase Chain Reaction <PCR) 

Enzymatic amplification provides a useful technique for the production of a 

large molar excess of a specific target DNA sequence within a total genomic DNA 

sample. 

The PCR amplification of the human B-globin gene exo? I was performed 
I 

according to the method described by Saiki (27). Genomic DNA was extracted as 

described. One Jlg of total genomic DNA· was dispensed in 100 Jll PCR reaction 

buffer (50 mM NaCl, 10 mM Tris-HCI; pH 7.6, 10 mM MgCl2, 1.5 mM each of 
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dATP, dGTP, dCTP, dTTP, and 10% Qimethylsulfoxide (DMSO). To the reaction 

mixture was added 100 picomoles (pM) each of primer #24, complementary to 

positions +2 to +21 of the B-gene (5' ATITGCITCI'GACACAACTG 3'), and reverse 

primer#18, complementary to positions +159 to +178 

(3'CCAGAGGAA TITGGACAGAA 5'). After heating the reaction mixture to 95 oc 
for 10 minutes to denature the DNA, the samples were transferred to a 37 oc heat block 

for 2 minutes to allow the primers to anneal to their target sequences. Primer extension 

was initiated by the addition of one unit of Klenow fragment of E. coli polymerase I 

and incubated for 2 minutes at 37 oc. This cycle of heating, annealing, and extension 

was repeated 24 to 26 times with the addition of one unit Klenow fragment after each 

annealing step. Subsequent denaturations were done by heating. the reaction for 2 

minutes. The primers described were synthesized and generously provided by 

Dr. Terrance Stoming, Medical College of Georgia, Augusta, Georgia. 

31 



RESULTS . 

A) Construction of In vitro Transcription Plasmids 

· Containin~ Portions of the Human BS-~Iobin Gene. 

Maps of the constructed transcription plasmids pG3BS 1.3 and pG4BS 1. 7, each 

containing a portion of the BS-globin gene, are shown in Figures 9 and 10. The 

plasmid pG3BS1.3 was constructed by inserting a 1.3 kb Hinc 11-BamH I fragment 

into the Hinc IT-BamH I sites of pOEM 3. The plasmid pG4BS1.7 was constructed by 

inserting a 1.7 kb BamH I-Pst I fragment into the BamH I-Pst I sites of pOEM 4 . 

Concerning the plasmid pG3BS1.3, 23 bases separate the SP6 transcription start site 

from the Hinc ll site at the 5' end ofthe 1.3 kb ss gene insert, and 30 bases separate 

the T7 transcription start site from the BamH I site at the 3' end of the 1.3 kb ss insert. 

As for the plasmid pG4BS 1. 7, 30 bases separate the SP6 transcription start site from the 

5' end of the l. 7 kb ss gene insert, the BamH I site, and 21 bases separate the T7 

transcription start site from the 3' end.of the insert, the Pst I site. These poly linker 
~ 

sequences be~ome part of the ss RNA transcript made from these plasmids, making the . 

synthesized ss RNA molecule slightly longer than the cloned·DNA insert However, 

these poly linker sequences will not hybridize to the DNA target sequence. 

The exact nucleotide sequence of the ss RNA probes must be known in order 

to interpret RNA·cleavage products of experiments where the DNA target sequence may 

contain a known dimorphic site. Contained within the subcloned 1.3 and 1. 7 kb as 
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Figure 9. Structure of Recombinant Plasmid pG3BS .ll 

The plasmid pG3f3S 1.3 was constructed by subcloning a 1.3 kbp 

Hinc II-BamH I fragment from pSV2BS-neo into the Hinc II-BamH I 

sites of pOEM 3. The 1.3 kbp Hinc IT-BamH I fragment spans from 

position -815 to +476 of a human ss gene. Contained in this fragment 

are the 5' promoter sequences, all5' untranslated sequences, exon I~ 

IVS I and 205 bases of exon ll of a ss gene. 59 untranslated sequences· 

are denoted as the hatched ( ~ ) box, exons as the solid ( - ) 

boxes and intervening sequence region by the open ( c=J ) box. 

Arrows indicate the direction and start of transcription from SP6 and T7 

RNA polymerase promoters which are shown by dotted ( 11111111 ) -boxes. 

The mRNA cap .site is shown at position 0. Some restriction enzyme 

sites are shoWn for the insert and pOEM 3 multiple cloning site. · 

! . 

I 
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Figure 10. Structure of Recombinant Plasmid pG4BS ll 

The plasmid pG4BS1.7 was constructed by subcloning a 1.7 kbp 

BamH I/Pst I fragment from pSV2BS-neo into the BamH I-Pst I sites 

of pOEM 4. The 1.7 kbp fragment spans from the BamH I site 

(position +477) within exon IT to the Pst I site (position +2166) located 

in the extreme 3' region of the as gene. Contained in this fragment are 

the last 18 bp of exon IT, NS ll~ exon m and 690 bp extending 3' from 

the translation termination codon. 3' untranslated sequences are denoted 

as the hatched ( ~· ) box, exons as solid ( - ) boxes, and IVS II 

as an open ( c:=J ) box. . The positions of the translation termination 

codon and the polyadenylation signal sequence are indicated. Arrows 

indicate the direction and start of transcription from SP6 and T7 RNA 

polymerases ( 111111111 ). 
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gene fragments are at least three potential dimorphic restriction sites (Figure 11). An 

Rsa I site eXists at postion -550, a HgiA I site at position +58 (codon #2), and an 

Ava II site at position +510 (16 bases into NS II). The characterization of each 

recombinant plasmid with respect to these potential dimorphic restriction sites was 

determined by digestion of the recombinant plasmids with the appropriate restriction 

enzymes. It was determined that plasmid pG3BS1.3 was negative for both the Rsa I 

and HgiA I dimorphic sites, however, plasmid pG4BS 1. 7 was positive for the Ava_ II 

·site at pc;sition +510. 

B) Sin~le-strand (ss) RNA Probe Synthesis 

RNA is transcribed in a 5' ---> 3' direction off a-DNA template. Therefore,- by_ 

choosing either TI or SP6 polymerases~ ss RNA probes can be synthesized off 

recombinant pGem plasmids, which are complemenUU'y to- the sense ( +, amino acid 

coding strand) or the anti-sense (-) strand of DNA. RNA probes complementary to the 

sense strand are termed "anti-sense" (AS) probes and those complementary to the 

anti-sense strand are termed "senserv (S) probes. Ailti-sense RNA probes will base pair 

with target sequences that are sense-like, i.e., the+ or sense strand of DNA or to 

mRNA, and the sense RNA probes will base pair only with the -· or anti-sense strand of 

the DNA target region. 

In vitro. run-off transcription of high specific activity ss RNA probes 

complementary to the 1.3 and 1.7 kb inserts ofpG3BS1.3 and pG4BS1.7 are shown in 
' . 

Figure i2. As a control of the level of transcription efficiency, a control ONA template 

(Figure 3) was transcribed along side each plasmid reaction. Transcription of the · 

control DNA template with SP6 produces ss RNA transcripts of 11, 172, and1386 
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Figure 11. Location of Potential Dimorphic Sites Within and Surroundin~ the 

Human B-~lobin ~ne 

Diagram illustrating the position of three potential dimorphic sites which 

may be present within a 3.0 kbp Hinc II/Pst I fragment containing the 

human B~globin gene. Exons I, II and ill are shown as solid ( - ) 

boxes, intervening sequences as open boxes ( c:::J ), and 5' and 3' 

untranslated regions as hatched ( ~ ) boxes. The 1.3 kb 

HincWBamH I fragment which was subcloned into pOEM 3 and the 

1. 7 kb BamH 1/Pst I fragment which was subcloned into pOEM 4 are 

shown below. This drawing is not to scale. 
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Figure 12. In vitro Synthesis of Sin~le-Stranded (ss) Labeled Transcripts from 

Control'.DNA Template and Recombinant pG3BS1.3 and pG4BS.U 

Plasmids 

:In vitro synthesized ss RNA transcripts froni either control DNA_ 

template (lanes 1 & 2) or linearized plasmids pG3BS1.3 (lane 3) and 

pG4.BS 1. 7 (lanes 4 & 5) were made according to described methods. 

Transcripts were analyzed by electrophoresis in a 4 % polyacrylamide/ 

8 M urea gel and detected by autoradiography. (Lane 1) Control DNA 

template transcribed with SP6; (Lane 2) Control DNA template 

transcribed-with TI; (Lane 3) Hinc IT linearized pG3BS1.3 transcribed 

with TI; (Lane 4) Pst I linearized pG4.BS1.7 transcribed with SP6; 

(Lane 5) BamH I linearized pG4BS L 7 transcribed with T7. Sizes of the 

bands are in nucleotides (nt). 
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nucleotides (nt) (Figure 12, lane 1). Transcription of the control DNA template ·with T7 

produces ss RNA transcripts of 43, 679, 1418 nt (Figure 12, lane 2). 

Using Hinc IT linearized pG3BS1.3 as template and RNA polymerase TI, a 

1300 nt ss RNA transcript was synthesiz~ complementary to the entire 1.3 kb insert 

(Figure 12, lane 3)G UsingBamH I andPst I linerarized pG4BS1.7 as template, 

transcription with RNA polymerases T7 and SP6, respectively, resulted in the· 
- ' 

synthesis of a 1700 nt ss RNA transcript complementary to the 1.7 kb cloned insert 

(Figure 12,-lanes 4 and 5). Labeled ss ~A:: probes <?fvaryiilg length can be 

synthesized dependirig upon the site at which the plasmid is linearized and the RNA 

polymerase used (Figure 13). By making ss RNA probes of different lengths from 

pG3BS 1.3, it was determined that full-length RNA pro~ synthesis was achieved by 

synthesizing ss RNA probes of less than 1000 nt.. Therefore, two ss RNA probes 

~ere predominantly used in- all RNase cleavage analysis experiments discussed. A 433 

nt ss anti-sense RNA probe was synthesized by run.,;off transcription with RNA 

polymerase T7 ofpG3BS1.3 which had been linearized with Nco I. A 747 nt ss

anti-sense RNA was also synthesized by RNA polymerase T7 but from pG3BS1.3 

which had been linearized with Sna~ I. The 433 ·nt probe is complementary to a region 

of the B-globiii gene from positions +48 to +481 and the 7 47 nt probe to a region from 

positions -270 to +48L 

The quantity of ss RNA synthesized from 1 J.Lg of linear plasmid template, 

under the described reaction conditions, was determined spectrophotometrically by 

. absorbance (A) at 26o nanometers ·assuming that 1.0 A260 unit is ·approximately equal 

to 40 J.Lg/ml of ss RNA (36). Typically, 300 to 400 nanograms (ng) of high specific 

activity ss RNA were synthesized from' a one J.Lg linear plasmid DNA template in a 

20 J.Ll transcription reaction. This quantity is in agreement with the results obtai11.ed by 

Melton ( 16). 
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Figure 13. Promoter !Insert Re~on of Recombinant Transcription Plasmid 

llWlisU 

The 1.3 kbp Hinc IIIBamH I as insert and RNA polymerase promoter 

region plasmid pG3BS 1.3 is shown above. Single restriction enzyme 

sites within the 1.3 kbp insert are shown above with correspoiuiing 

positions relative to the B gene cap site. Horizontal arrows indicate 

direction of transcription (5'---> 3') and transcription start site for each 

RNA polymerase promoter ( EJ!11 . ). Lengths of RNA trartscripts 

generated using SP6 or TI polymerases and linear plasmid templates 

created by digestion with restriction enzymes Nco I, SnaBI, Hinc IT, or 

BamH I are shown below. The ss gene exons are indicated by solid 

( 1111111 ) regions, intervening sequences by an open ( c=J ) region, 

and 5~ untranslated region by a hatched ( ~ ) region. 
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. I The specific activity of synthesized radiolabeled ss RNA probes was 

determined by precipitating a small aliquot of the probe onto a nitrocellulose membrane 

with a solution of 10 % trichloroacetic acid (TCA) and 1.0 % pyrophosphate and 

washing the fllter twice with 5.% TCA. The filter was added to 5 ml of scintillation 

· fluid (Scintiverse, Fisher) ·and ramoactivity counted in a scintillation counter. A typical 

transcription reaction yields .a total activity .of 2.0 x 107 counts per minute ( cpm) with an 

·incorporation efficiency of 80 %. 

C) Deteimination of Hybridization Conditions 

The optimal hybridization temperatures for the 747 and 433 nt anti-sense as 

RNA probes were determined by the following procedure .. lOS cpm of ss RNA probe 

was annealed to 10 ng of linear plasmid template in 30 J.ll of 80 % formatilide 

hybridization buffer. The plasmid was the same plasmid which was used for the· 

synthesis of the ss RNA probe being analyzed. After denaturation of the plasmid 

DNA~ the reaction was incubated for 12 to 14 hours at different temperatures ranging 

form 25 °C to 65 °C. After incubation, the reaction mixture was challenged with 350 

JJ.l_of a solution of RNase-A (40 JJ.g/ml) and RNase T1 (5 units) and incubated at 30 °C 

for 30 minutes. Three equal aliquots of each sample were precipitated with 10 % TCA 

on glass filters, washed with 5 % TCA and counted for the amount of radioactivity 

recovered. 

The proportions of each RNA probe resistant to RNase digestion after 

hybridization at different temperatures are shown in. J:4igures 14 and 15 . It can be seen 

that the optimal hybridization temperatures for the 747 and 433 nt anti-sense ns RNA 
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Figure 14. Detennination of the Thennal Sta.bility of the 747 nt AS ss RNA 

~ 

The 747 nt AS ss RNA probe was synthesized using RNA 

polymerase T7 arid SnaB I linearized pG3BS 1.3 as described in 

· Methods·. lOS cpm 747 ·nt AS RNA probe was annealed to 10 ng 

pG3BS 1.3/S~B I under different hybridization temperatures as 

described. · RNA:DNA heteroduplex~s were cha1Ienged with 

40 J.Lg/ml RNase A and5 uriits RNase T1• The percentage of RNA 

probe resistant to RN ase digestion was detemrlned by TCA 

precipitation. Bars represent 10% standard error. 
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Figure 15. Determination of the Thermal Stability ofthe 433 nt AS BS RNA Probe 

The 433 nt AS BS RNA probe was synthesized using RNA 

polymerase T7 and Nco I linearized pG3BSL3 as described in 

Metluxls. lOS cpm433 nt AS RNA probe was annealed to 10 ng 

pG3BS1.3/Nco I under differ~~t h~bridization temperatures as 

described. RNA:DNA heteroduplexes were challenged with 

40 J.lg/ml·RNase A and 5 units RNase T1• The percentage of RNA 

probe resistant to RNase digestion was- determined by TCA 

precipitatione Bars represent 10% standard error. 
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probes are 52.5 oc and 55 oc, respectively. The 747 nt anti-sense RNA probe has a 

52.5 % G · C content whereas the 433 ni: anti-sense RNA probe has a G · C content 

of 54 %. These temperatures were chosen as optimal temperatures for hybridization of 

each probe. 

D) Determination ofRNase Digestion Conditions 

To establish the optimal reaction conditions for digestion by RNase A, the 

433 nt anti-sense as probe RNA probe was annealed to Nco I linearized pG3BS 1.3 and 

the resulting RNA:DNA heteroduplexes challenged with RNases under different 

conditions (Figure 16). The 433 nt anti-sense RNA probe was synthesized by 17 RNA 

polymerase off pG3BS't.3linearized with Nco t Consequently~ the RNA probe 
. . 

contains an extra. 30 nucleotides· at the 5' end resulting from transcription of the 30 

nucleotides which are part of the multiple cloning site. The synthesized size of the 

433 nt probe is. therefore 463 nt 
~ 

When the 463 nt anti-sense as probe was annealed to 10 ng of the pG3BS 1.3 

linearized with Nco I, and then challenged with RNase A, a single full-length RNA 

fragmentof463 nt was recovered (Figure 16, lane 3). Faint background bands· are also 

visible in lane 3 indicating that low level cleavage may occur at non-mismatched 

pyrimidines within the RNA:DNA heteroduplex. Increasing the digestion temperature · 

to 30 oc resulted in lower recovery of the full-length RNA probe while the background 

fragment pattern remained the same (Figure 16, lane 4). Digestion with RNase T1 or a 

combination of RNase A and T1 also resulted in the recovery of the full-length RNA 
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Figure 16. Determination ofRNase Di&estion and-Hybridization Conditions. 

The 433 nt AS as RNA-probe was synthesized as described and 

annealed to 10 ng (uruess otherwise stated) pG3.BS1.3/Nco I (lanes 3-7) 

_ or pG3.BS 1.3/Bam m '(lane 8) under the RNA:DNA hybridization 

conditions described in Methods. RNA:DNA hybrids were _challenged 

with RN ases A, T 1, A + T 1, or S i nuclease under different conditions 

as described below. The digestion prOducts were analyzed by 

electrophoresis in a 6 % polyacrylamide/8 M urea gel and 24 hr. 

autoradiography .. The synthesized length of the 433 ntRNA probe is 
' . 

actually 463 nt ~ue to the transcription of 30 bases of the multiple 

. cloning site located between the T7 transcription start site and the 3 I end 

of the as insert. (Lane 1) 433 (463).nt AS BSRNA-probe; (Lane 2) 

marker, pBR322/Msp II; (Lane 3) RNase A, 40 Jlg/ml, 30 min., 25°C; 

(Lane 4) RNase A, 40 Jlg/ml, 30 min., 300C; (Lane 5) 100 units 

RNase T 1, 30 min., 300C; (Lane 6) 100 units RNase T 1 and·RNase A, 

40 Jlg/ml~ 30 min., 25°C; (Lane 7) 60 units S 1 nuclease (Sigma), 

40 min, 30°C; (Lane 8) RNase A, 40 Jlg/nil, 30 min., 25°C; ~Lane 9) 

10 Jlg sheared salmon sperm DNA, RNase A, 40 Jlg(ml, 30 min., 

25°C; (Lane 10) 433 (463) nt AS as RNA probe alone, RNase A, 

40 Jlg/ml, 30 min., 25°C. 
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probe (Figure 16,lanes 5 and 6). Differences in background banding patterns are due to 

the different RNases used and/or the combination of RNases. 

When 50 ng of the Nco I digested p03BS 1.3 template was annealed to the 

463 nt anti-sen~e RNA probe and then challenged with 60 units of S 1 nuclease 

(Sigma)~ a nuclease resistant fragmen~ the size of the full-length RNA probe was 

recovered (Figure 16, lane 7). Recovery of the RNA probe was improved by 

hybridization to 50 ng of plasmid DNA. Background bands are also visible resulting 
r 

. -· 

from the low level cleavage of the relatively S 1 resistant RNA:DNA heteroduplex. 

When the 463 nt anti-sense ss RNA probe was annealed to 5 ng of the isolated 

433 bp Nco I/BamH I fragment from p03BS1.3, a single RNase A resistant fragment 

of 433 nt was observed (Figure 16~ lane 8). The 433 bp Nco 1/BamH I fragment is 

complementary only to the region of the RNA probe containing as gene derived 

sequences. The RNA:DNA heteroduplex formed between the 433 bp fragment and the 

463 nt RNA.probe contains a 30 nt overhang consisting of pOEM polylinker 

sequences. Recovery of a 433 nt RNA fragment indicated that the 30 nt overhang at the 

5' end of the RNA probe was digested by RNase A. 

When the RNA probe was tested against 10 Jlg of sheared salmon sperm 

DNA (Figure 16~ lane 9) or with no_DNA (Figure 16~ lane 10)~ no RNA probe was 

recovered. These controls ensured that the RNase A digestion conditions were 

sufficient to completely digest all unhybridized ss RNA probe. 
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Figure 17. RNase Cleava~e Analysis of Cloned Human B-~lobiri Genes or Gene 

Fra~ents. 

A747 nt AS as RNA prqbe was syn~esized using T7 RNA polymerase 

and SnaB I linearized pG3BSL3 as.described in Methods. The ss RNA 

probe was annealed to ~0 ng test plasmid DNA samples (lanes 4-6) or 

control nucieic. acid samples (lanes 7 -9). Hybridization mixtures were 

treated with 40 JJ.g/ml RNase A for 30 rilin._at 25°C and the-digestion 

products analyzed by electrophoresis in a? % polyacrlarnide/8 M 

ur~a gel and autoradiography. Sizes of marker and RNA fragments are 

indicated in nucleotides (nt). (Lane 1) 747 (777) nt AS as RNA.probe; 

{Lane 2) marker, pBR322/Msp II; (Lane 3) 747 RNA probe alone 

treated with RNase A; (Lane 4) pSVBA; (Lane 5) pSVBCAT; (Lane 6) 

p.Bd-P-Nilotic; (Lane 7) 10 J.Lg sheared salmon sperm DNA; (Lane 8) · 

pOEM 3 vector DNA; 50 ng; (Lane 9) 10 Jlg bacterial tRNA; (Lane 10) · 

747 RNA probe; (Lane 11) marker, pBR322/Msp II. 
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2. Analysis of a B-gene promoter 

The plasmjd pSVBCAT, which contains the human B-globin gene promoter 

region (Figure 5), was analyzed with the 747 nt anti-sense ss RNA probe. 
J 

The 747 nt anti-sense as RNA probe overlaps a region of 325 nt of the 700 bp 

HgiA I promoter fragment In the construction of pSVBCAT the 700 bp HgiA I 

fragment was treated with Bal 31 nuclease, therefore, a 325 nt or smaller RNA 

fragment was expected to be observed upon hybridization analysis with the 747 nt 

RNA probe (Figure 18). Upon hybridization analysis one RNase resistant RNA 

fragment of 27? nt was observed (Figure 17, lane 4 ). The size of this protected .RNA 

. fragment indicates that Bal 31 nuclease digestion resulted in the sequential removal of 

50 nucleotides at the 3' .end of the HgiA I fragment down to base position +4 or 4 bases 

· 3' to the cap sitec 

3. .. Deletion End Mapping 

To investigate the use of ss RNA probes to precisely map gene crossover 

regions or deletion ends~ a plasmid containing the 8--d hybrid gene ofHb P~Nilotic·was 

analyzed (Figure 6). The entire B~d hybrid gene is· contained on a 3.8 kb Pst 1 

fragment which was cloned into the plasmid pAT -153 (Figure 6). Sequence analysis of 

the Bd~P-Nilorlc globin .gene revealed that the crossover occurred ·between position 

+275 of a BA..globin ge~e and position +330of ad-globin gene (44). The second 
. . 

exons ofthe ()and B genes are. extremely homologous, however, there exist several 

. specific single base differences which allowed the determination of this crossover 

region (Fi~e i9). Specifically, at position +330 the B gene contains an A and the a 
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Figure 18. ·RNase Cleava~ AnalysiS of the B-~lobin Gene Promoter Fragment 

Contained inpSVBCAT. 

The 700 HgiA I fragment, containing the known B gene promoter 
. . 

elements, which.was use<! in the cons~ction of pSVBCAT is shown 

above. The 747 nt AS ss RNA probe and its relationship to th~ 
B~globin gene is ·shown belo}V ~ The 7 47 nt ·AS ss RNA probe overlaps 

a 325 bp region. of the HgiA I fragment ( ~ ). The experimentally: 

observed 275 nt RNA fragment is shown below ( Vi-Uia ). B gene 

exons are denoted by solid ( - ) regions, NS as open regions, and 

5' untranslated regions as lined ( ~ ) regions. 
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Figure 19. Nucleotide Sequence Comparison of Exon IT Re~ons of the Human B 

and a-~Iobin Genes. 

The nucleotide sequence of the human B-globin gene exon II region is 

given on the top row beginning with the AG dinucleotide at the . 

boundary between IVS I and exon IT. Nucleotide differences specific to 

the a.;,globin gene exon·II sequence are listed below' their c.orresponding 

nucleotide in the B-globin gene. Nucleotide positions are given relative 

to the B:..gene mRNA cap site (position 0). The 3' end of the region 

complementary to the 5' end of the 747 nt AS as RNA probe is· · 

indicated 
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gene aT. The presence of aT at this position indicated that the. crossover region 

occurred as· described ( 44 ). 

Hybridization of the B-a hybrid gene with the 747 nt anti-sense as RNA probe, 

which overlaps the crossover region and the a gene derived region~ results in an A: A 

mismatch at position +69, a U:T at position +330, a U:G at position +380, a G:A at 

position + 386, a G:T at 'position +434, a C:T at position +438, and a 4 base mismatch 

at positions +440 to +443. RNase A cleavage .at these mismatches should result in 

RNA fragments of 336, 262, 5, 6, 48, and 38 nt respectively (Figure 20). It is not 

expected to observe the 5 and 6 nt RNA fragments due to their size. When the· 

RNA:DNA hybrid was challenged with RNase A, tWo RNA fragments of 366 and 

336 nt in length were obsexved (Figure 17, lane 6), indicating that cleavage of the A:A 
' . 

. mismatch ·at position +69 and the G:T mismatch at positon +434 had occurred A 38 nt 

band was also observed upon longer exposure of the gel, indicating that cleavage had 

occurred at the 4 base pair mismatch at" positions +440 to +443. Had cleavage of the 
' . 

mismatches at positions +330, +380, +386 occurred with some degree of efficiency, 

the 366 nt band would not be observed. The absence of cleavage at these mismatches 

may be due to differences in the overall structur~ of the mismatched duplex. In ·an 

. attempt to produce cleavage at the mismatches previously not cleaved by RN ase A, the 

RNase A concentration was increased to 80 J.Lg/ml ·or 160 Jlg/ml combined with, longer 

incubations at varying temperaiures. This resulted· in only a sUght increase in 

background with th~ disappe~ance of the 336 aild 366 nt RNA ~agmen~s (data not 

. shown). 
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Figure 20. RNase Cleava&e Analysis of the B-d Hybrid Gene of Hb P-Nilotic: 

Expected apd Observed RNA Fra~ents. 

The structure of the B-o hybrid gene of Hb P-Nil otic is illustrated above. 

The region of crossover between the exon n of a BA- and a-globin genes 

is the region between positions +275 and +330. The 3' end of the 

region complementary to the 747 nt AS as RNA probe is indicated~ as 

well as .the position of codon #6. RNase cleavage analysis of the B-d 
hybrid gene by hybridization to the 747 nt AS as RNA probe should 

result in the expected RNA fragment pattern as shown due to cleavage at 

the single base mismatches _existing in the RNA:DNA heteroduplex. 

The experimentally ob8exved RNA fragment pattem and position of the 

mismatches that were cleaved by RNase A are shown below. RNA 

. fragment sizes are in nucleotides. 
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F) Analysis of Genomic DNA 

Having established hybridization and digestion conditions to scan recombinant 

plasmids, we next sought to investigate the feasibility of scanning genot:IDc DNA for 

point mutations. 

Thirty (30) DNA samples from a variety of individuals with hemoglobin 

genotypes of SS, SC, AS, AA,_AC, and CC were analyzed. DNA isolated from 

individuals possessing the .BA allele have a T at position +69 of codon 6. while DNA 

from individuals with the sc allele have a G --> A transition at position +68 of codon 6. 

These DNA samples were tested with the 747 nt anti-sense ss RNA probe which 

contains a C at position +68 and an A at position +69. Heteroduplexes formed between 

the as RNA probe and .sc and .BA alleles will result in C:A and A:A mismatches at 

positions +68 and +69, respectively, however, no mismatch is formed with the BS 

allele. 

RNase cleavage analysis of the as allele s.hould result in the recovery of the 

full-length RNA probe, ho~ever, analysis of BA or sc alleles result in 2 RNA 

fragments of 411 and 336, or 410 and 337 nt long, respectively. DNA samples 

· carrying the ss and either the .BA or ·ac alleles will produce three RNA fragments; 7 47, 

411, and 336 nt for the .BSJ.BA combination and 747, 410!1 and 337 nt for the .BSJBC 

combination. 

Gerionnc DNA samples were digested to completion with Pst I, which cuts 

outside the region complementary to the RNA probe, prior to hybridization analysis. 

Using the 747 bp anti-sense.ss RNA probe and 5 J.Lg of Pst I digested genomic DNA, 

two major bands of211 and 143 ntin length were invariably seen when DNA from 

AA, AS, AC, SS, SC, and CC individuals was analyzed (Figure 21, lane 3). It was 

noticed that the sizes of these nuclease resistant fragments corresponded to regions of 
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Figure 21. RNase Cleava&e Analysis of Total Genomic DNA and PCR.Amplified 

Genomic DNA Samples. 

A 7 47 nt AS ss RNA probe was synthesized and annealed to test DNA 

samples as described in Methods. RNA:DNA heteroduplexes were 

treated with RNase A (40 Jlg/ml) and analyzed by electrophoresis in a 

_5 % polyacrylamide I 8 M urea gel and autoradiography. Sizes of the 

·marker and RNA fragments are fu nucleotides (nt). (Lane 1) 747 

(777) nt AS ss RNA probe; (Lane 2) marker; pBR322 /Mst IT; (Lane 3) 

5 Jlg Pst I digested BSJBS genomic DNA; (Lane 4) 5 Jlg Pst I digested 

BSJBS genomic DNA treated with RNase·A and T1; (Lane 5) PCR 

amplified BAJBA; haplotype VI genomic DNA7 sample #1; (Lane 6) 

PCR amplified BAJBA; haplotype VI:genomic DNA7 sample #2; (Lane 7) 

10 ng'pG3BS1.3/SnaB I treated with RNases A and T1; (Lane 8) 747 nt 

AS ss RNA probe; (Lane 9) 7 47 nt AS ss RNA probe treated with 

·40 Jlg/ml RNase A. The 747 nt RNA probe is shown as being 777 nt 

long due to it containing an extra 30 nt ·from the pGEM 3 multiple 

clonit}g site. 
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the B-globin gene that would be present in processed B-globin mRNA. The 143 nt 

RNA fragment corresponds to the region rrom the mRNA cap site to the 3' end of 

Exon I, while the 211 nt RNA fragment corresponds to the region from the 5' end of 

Exon n to the BamH I site at position +481. These bands su~gested the possibility that 

the anti-sense RNA probe was hybridizing with B-globin· mRNA present in the genomic 

DNA sample (Figure 22). Treatment of the genomic DNA sample with· RNase A and 

RNase T 1 for 2 hours followed by phenol extraction prior to hybridization with the 

747 nt anti~sense ns RNA probe resulted in the disappearance of the 411 and143 nt 

bands, shoWing these protected bands were indeed the result of RNA:RNA hybrid 

formation betWeen the anti-sense RNA probe and B-globin mRNA (Figure 21, lane 4). 

While background levels remained the same~ RNA fragments expected for each sample 

were still not observed. 

It is possible that the disappearance of the 211 and 143 nt bands was due to 

. incomplete removal of the RNases by extraction with phenol and-chloroform from the 

·-treated DNA sample: This would result in residual amounts of RNase A and T 1 

contaminating the hybridization mixture; resulting in digestion of the RNA probe 

during the hybridization incubation period~ In a control experiment~ the·747 nt 

anti-sense RNA probe was hybridized to 10 ng of SnaBI linearized p03BS1.3 which 

had been treated with RNases A and T 1 in parallel with the genomic DNA sample. 

Recovery of an RNA fragment the size of the full length RNA probe indicated the 

complete removal of RNases by phenol/chloroform extraction suggesting that the 211 

and 143 nt RNA fragments were indeed a result of hybridization of the anti-sense RNA 

probe to contaminating B~globin mRNA (Fi~e 21, lane 7). 

The absence of the RNA fragments expected for each genomic DNA sample 

. suggested that there was an insufficient mol~ concentration of complementary .DNA 
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Figure 22. Hybridization of B-Klobin mRNA with the 747 nt AS ss RNA Probe 

The structure of the human B-globin gene is shown above with exons 

represented by solid regions~ IVS as open regions and 59/3' untranslated 

sequences as hatched regions. The single BamH I restriction site 

denotes the 5' end of the 747 nt AS as RNA probe used in many 

experiments. The size of the individual reiion of the B gene. which are 

spliced together tp form processed B-globin ·mRNA are underlined with . 

the structure of the processed mRNA molecUle shown below. 

Hybridization of.B-globin mRNA with the 747 nt AS as RNA probe 

results in the foqnation of the RNA:RNA duplex shown. RNase A 

treatment digests all unhybridized regions of the ss RNA probe resulting 

in only two RNA fragments of 211 and 143 nt being protected from 

digestion and being observed upon denaturing gel electrophoresis. 
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target sequences tlutt would produce a detectable quantity of RNA:DNA 

heteroduplexes. Using 20 Jlg of pretreated genomic DNA resulted in the same r~sults 

(data not shown). 

In an effort to increase the molar concentration of DNA target sequences in 

genomic DNA, enzymatic amplification of the B-globin gene was performed using the , 

method described by Saiki, et al. (27). A 1_76 bp region spanning Exon I of the human 

.BA.globin gene, from positiori +2 to+ 178, of two different BAfBA genomic DNA 

samples was amplified as described above. Each DNA sample was homozygous for 

the .BA allele and heterozygous for haplotype VI, which is associated with a T ---> C 

transversion at position + 147, 6 nt into IVS II of the B gene. Upon 20 cycles of 

amplification with Klenow fragment, an approximately 220,000-fold increase in the 

amount of the 176 bp region was generated (Figure 23). Hybridization of the 747 bp 

anti-sense .BS RNA probe to the amplified BAfBA, haplotype VI samples result in 

RNA:DNA heteroduplexes containing an A:A mismatch at position· +69 and an A:C 

mismatch at position +147. RNase A cleavage at the A:A mismatch will result in RNA 

fragments of 68 and 108 nt, while cleavage at both mismatches will result in RNA 

fragments of 68, 78, and 30 nt. RNase cleavage analysis of the amplified genomic 

DNA samples with the 747 bp anti-sense .BS RNA probe resulted in RNA fragments of 

68 and 1 08· nt in length, indicating successful cleavage at the A:A mismatch at position 

+69, within codon 6 (Figure 21, lanes 5 and 6), but no cleavage of the A:C mismatch at 

position + 146. The combined size of the 108 and 68 ilt fragments equals the length of 

the .17 6 bp amplified region indicating cleavage at one base pair mismatch. The 108 nt 

fragment appears as a doublet, .which is probably ·the result of further reaction of 

RNase A at pyrimidines near the end of the cleaved product The possibility also exists 

of the doublet being the result of cleavage at an uncharacterized dimorphic site. 

Background banding, as was evident in reactions involving the analysis of plasmid 
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Figure 23. Polymerase Chain Reaction (pCR): Amplification ofExon I of 

a Human BA..~lobin Gene 

The upper diagram shows the BA-gene exon I (solid box) and the 

positions of primer #24 (p 24) and reverse primer #18 (p 18) shown as 

hatched boxes. Arrows indicate the direction of primer extension from 

each primer to generate an amplified region of 176 bp, spanning exon I 

The lower diagran illustrates the position and relationship of expected 

and obsexved RNA fragments relative to mismatches at positions + 69 

(codon# 6) and NS I,# 6 when analyzed with a 747 nt AS as RNA. 

probe. 
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DNA samples, was not present.possibly due to the·higher molar concentration of the 

allele-speqific 176 bp DNA target region. These results were obtained with 1/15 of the. 

total amplification reaction of 1.0 Jlg of genomic DNA. This experiment clearly 

· demonstrates that enzymatic amplification of a region complementary to the ss RNA 

probe yields a sufficient molar concentration of complementary DNA target sequences 

to produce detectable nuclease resistant RNA:DNA hybrids using the methods 

described. 
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DISCUSSION 

Biochemical methods for the detection, characterization and localization of 

single base substitutions in DNA are· of considerable value in the analysis of gene 

regulatory and protein coding sequences. This study describes a method which can be 

used to "scan" a relatively large region of cloned or amplified genomic DNA for the 

· . presence of' single base substitutions. This method is based ·on the ability of RNase A 

to recognize and cleave single base mismatches in a RNA:DNA heteroduplex. Cloned 

or amplified genomic DNA is hybridized to a homogeneously labeled ss RNA probe 

synthesized with an in vitro run~off transcription system. The size of DNA region 

scanned depends upon the siz~ of the ss RNA probe used and the size of the region . 

amplified The RNA:DNA heteroduplex is challenged with RNase A which cleaves . 

the labeled RNA probe into fragments of defined size that can be analyzed by 

denaturing PAGE. Because the size of these fragments is dependent on the position of 

the mismatch within the RNA:DNA heteroduplexl> the mutation can be localized within 

the DNA target sequence. The success of this method follows the analysis of a cloned 

complementary DNA sequence or the enzyinatic amplification of complementary 

genomic DNA ·sequences. 

The feasibility and versatility of the ~ase cleavage procedure is deiiJ.onstrated 

by data obtained in die analysis of cloned and amplified genomic B-globin gene 

sequences. Using a ns RNA probe and hybridization to either a cloned or a genomic 

DNA amplified· BA gene, the single base difference at codon 6 existing between ns and 
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BA globin genes was accurately detected Results obtained by RNase cleavage analysis 
.. ~ . . . 

of the B 'gene sequences contirlned· in plasmids pSVBCAT and p.BO-P-Nilotic· 

demonstrate the ability of the method to accurately characterize DNA sequences 

·complementary to only a portion of the RNA probe~ These data suggest that the 

procedure is applicable in mapping 5' and 3' deletion ends of cloned DNA samples 

and possibly in amplified genomic D~A samples. Apart from gene sequencing, the 

most common method of determining the 5'/3' boundaries of a deletion involves 

restriction enzyme mapp~g the region surrounding the deletion. However, many 

times only the region within which the 5' and 3' deletion ends occur is determined 

due to the lack of restriction enzyme sites surrounding the deletion. The RNase 

cleavage procedure~ however~ provides a new approach to deletion end mappmg. By 

using RNA probes that overlap the 5' or 3' deletion ends, the location of the 5' and 3' 
. l 

deletion boundaries can be determined by the size of each RNA probe protected. 

Concerning the detection of single base substitutions with the RNase cleavage 

procedure, the sensitivity of the RNase cleavage procedure depends upon the 

efficiency of cleavage at the single base mismatch by the enzyme. the data presented 

here show that single base substitutions can be· accurately detected and localiz~ 

· however~ some mismatches are recognized and cleaved more ·efficiently than others. 

The A:A mismatch formed at position +69, codon 6 between the as RNA probe and the 

BA gene or the BA derived portion of the B-a hybrid gene,_ was consistently cleaved by 

RNase A. The G:T mismatch at position +434. and the 4 base mismatch at positions 

+440 to +443 of the B-d hybrid_ gene were also consistently cleaved by RN ase A. 
. . . 

However, the lack of cleavage at U:T, U:G, G:A, and C:T mismatches was observed 

in the analysis of the B-d hybrid gene and no cleavag~ was observed at the A:C 

mismatch at position +147 associated with haplotype VI. These results obtained by 
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the analysis of cloned B-globin genes indicate that some mismatches are recognized and 

cleaved more efficiently than others. The selective cleavage at some RNA:DNA 

mismatches over others was also described by R. M. Myers who· reported that four 

(C:A5 C:C, C:T, and.U:T) mismatches were cleaved efficiently by RNase A, while 

U :G and U :C mismatches were cleaved inefficiently (20). Several other mismatches 

(G:G, G:A, G:T, A:A, A:C, and A:G) were tested and no cleavage was observed. in 

· most casesc However, a small amount of cleavage (20%) was observed in some A:A 

and G:T mismatches tested and efficient cleavage in some A:C and A:G mismatches. 

Our results indicate very efficient cleavage atA:A and G:T mismatches, however, no 

cleavage was observed at a C:T mismatchc It is surprising that cleavage at the A:A and 

G:T mismatches occurred since RNase A cleaves at the 3' side ofpyrimidinesc 

However, it is possible that a local destabilization at the mismatch within the 

RNA:DNA heteroduplex leads to RNase A cleavage at nearby pyrimidinesc It is not 

understood _why ·some mismatches are cleaved in some sequence contexts but not in 

others. It is possible that differences in accessibility to cleavage are the result of · 

differences in the overall structure of the mismatched duplex~ In addition, a sequence 

pattern surrounding .a mismatch that can be correlated with observed efficient RNase A 

cleavage has not been discerned. 

Selective ·cleavage of some mismatches poses a potential problem when the 

. RNase cleavage procedure is used to scan DNA for single base substitutions. It limits 

the detected mismatches to only those substitutions which form cleavable mismatches 

with that particular RNA probe. Although many single base differences may exist 

between the RNA probe and the DNA target region, some will not form cleavable 
I ' I. -

mismatches.· and therefore ~ll _go undetected. This means that only a partial 

characterization of the target sequence is possible. Selective cleavage by RNase A was 
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obseiVed wh~n only an "anti-sense" (AS) RNA probe, complementary only to the 

sense strand of the DNA target region, was used. By using a "sense" (S) RNA probe, 

to scan the opposite strand of the DNA target region, other cleavable mismatches may 

be formed at positions not previously cleaved using the anti-sense RNA probe. 

Employing both S and AS RNA probes to scan both strands of the DNA target region, 

will ensure that a majority of the single base substitutions will be deteqted This was · 

shown to be possible by R. M. Myers, who with plasmid DNAs determined that by 

using both S and AS RNA probes, approximately two-thirds of all possible single base 

substitutions could be· detected (20). · It is likely that this is also applicable to amplified . 

genoD:rl.c DNA s~uences. 

When RNase cleavage analysis was conducted on 10 ng of test plasmid 

DNAs, efficient recovery of the RNA fragments expected for each test plasmid was 

observed. However, when 5 to 20 Jlg of total genomic DNA was tested, recovery of 

RNA fragments expected for each test sample or allele were not observed In nucleic 

acid solution hybridization experiments where one component (probe) is in sequence 

' molar excess (greater than 20 :1) to the other component (target sequence), the nlte of 
. ' 

probe/target sequence hybridization follow pseudo=fU'St order kinetics. That is to say 

that amount of product produced (probe/target sequence hybrids) is limited by the 

concentration of target sequences under these conditions. Since the solution 

hybridization is conducted in ss RNA probe sequence excess, 'the recovery of detectable 

RNA fragments depends upon the amount of radiolabeled RNA probe that becomes 
. ' 

RNase resistant by hybridizing to its complementary DNA target sequence, 
' ' 

i.e.; formation of a RNA:DNA heteroduplex~ It is, therefore;likely that the difference 
' ' 

in RNA probe recovery observed between cloned, i.e., plasmid, and un.cloned;i.e., 

genomic, DNA samples may be due to different molar concentrations of.complelllentary 
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DNA target sequences. For example, the human haploid genome consists of 

approximately 2 x 109 base pairs, ·and the molecular weight of a 1000 base sequence of 

single-stranded (ss) DNA is 3.3 x lOS grams/mole. The ss RNA probe will only 

hybridize to one strand of the double-stranded DNA target sequence, therefore, it is 

necessary to calculate the molar concentration of the ss DNA molecules complementary 

to the ss RNA probe. In a 5 Jlg sample of total genomic DNA there are approximately 

7.5 x 1 o-18 moles of a unique 1000 base sequence. However, if the ~arne 1000 bp 

DNA sequence were part of a 8000 bp recombinant plasmid, there would be 

approXimately 3.7 x l0-15 moles of that unique 1000 base sequence in a 10 ng sample, 

an increase of a 1()()() fold as compared to as· J.Lg sample of genomic DNA.· This 

example illustrates .the difference in molar concentration of a unique DNA target 

sequence between cloned and genomic DNA.samples. This difference accounts for the 

efficientRNase cleavage analysis of cloned DNA sampl~s. 

· The inability to recover the expected RNA fragments when total genomic DNA 

was tested was overcome by enzymatic amplification of the corresponding DNA target 

sequence. Enzymatic amplification of specific target sequences in genomic DNA has 

provided an efficient means whereby a sufficient quantity of target DNA can be 

synthesized. Enzymatic amplification has been used in conjunction with synthetic 

oligonucleotide probes for scoring single base mutations in genomic DNA 

(3, 13, 27, 28). RNase cleavage analysis of an enzymatically amplified. .BA gene 

resulted.in corr~ct identification of the J3A allele in two different samples (Figure 21,. 

· lanes 5 and 6)~ Amplification of a 17 6 bp re~ion of ex on I of a SA gene and 

hybridization: with an anti-sense as RNA probe, complementary to exon I, results in an 
. . 

A:A mismatch at position +69 in codon 6. RNase A cleavage at this mismatch resulted 

in RNA fragments of 108 and 68 nt, indicating cleavage at the A: A mismatch and 
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identification of the SA allele. These results were obtained by the enzymatic 

amplification of aA .exon I from l.O Jlg of total genomic DNA. 

One limitation of.enzymatic amplification in regards. to the goal of scanning 

large. regions of DNA with the RNase cleavage procedure is th3:t only a limited size of 

DNA can be amplified. · At present~ using the Klenow fragment of· E.' coli DNA . 

polymerase I, the size limits of this region range from 150 to 300 bases. Modification 

of the amplification procedure and possible use of other DNA ~lymerases may result 

in the amplification of longer regions of DNA, for instance up to l kb, which would -

permit the scanning of large regions of DNA with ss RNA probes. Recently, Scott 

Krogan, at the Howard Hughes Medical Institutes San Franciscos California, using a 
. . 

heafstabile DNA polymerase isolated from Thermas aquaticus. has been able to amplify 

up to a 1.5 kb region of DNA from a genoiJ?ic DNA. sample (personal communication). . 

With the abilityto amplify a 1 kbregion of DNA, the RNase cleavage procedure would 

be ideal for the sequence analysis of extremely large genes such as the Factor VITI gene 
~ 

associated with hemophilia ( 45). 

Another problem encountered whentotal genomic DNA was tested with the 
- . 

. RNase cleavage procedure is messenger RNA contamination of the genomic DNA 

sample. When an As as RNA probe was hybridized to diffe~nt .genomic, DNA 

samples of known a-globin phenotype, RNA fragments were·observed whose sizes 

suggested· that the AS as RNA probe was hybridizing· to corresl'onding B-globin· 

mRNA .. The· presence of contaminating .B-globin mRNA is not surprising sine~ the. 

DNA was isolated from tissue containing a-globin expressing cells (reticulocytes). In 

addition, the DNAs were ·isolated from peripheral. blood samples from individuals with 

varying degrees of hemolytic anemia, due to sickle cell disease, and characterized by a 

higher than normal percentage of reticulocytes. Reticuloeytes are fairly resistailt to lysis 
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· by the RBC (red blood cell) lysing solution used in the genomic DNA isolation 

procedure (see Appendix). Consequently, unlysed globin mRNA containing 

reticulocytes are collected along with DNA containing lymphocytes. Both reticuloeytes 

and lymphocytes are then lysed by ~e Proteinase K digestion step resulting in the 

liberation and isolation of globin mRNA as well as genomic DNA. This is a general 

problem due to isolation of DNA from expressing tissue and the use of an "anti-sense" 

(AS) RNA probe~ The use of a "sense" (S) RNA probe, treatment of the genomic 

DNA sample with RNases to digest arty contaminatirig mRNA ·or the use of genomic 

DNA isolated from non-expressing tissue will overcome this.problem. 

Although the RNase cleavage procedure is useful iri mapping the specific 

location of a single base substituion, it is not able to define the exact nature of the 

mutation, forinstance.whether an A has been substituted with a T9 C9 or G. This can 

be determined by cloning and sequencing the region co~taining the mutation. In this 

respect~ the RN ase cleavage procedure offers a simple method which can identify the · 

region to be cloned and sequenced _without having to clone and sequence many 

overlapping regions before the -mutation is detected. By knowirig the precise location 

of a particular substitution, sequence gazing can also be done to determine 1) if a _ 

restriction enzyme exists which recognizes the sequence containing the substitution .and-

2) if oligonucleotide probes could be synthesized to detect that 'base substitution. 

It has-been demonstrated that the RNase A_mismatch cleavage method is a 

useful and -versatile method for scannirig rebitiv~ly large, regions of DNA for single base 
' • • • '. • c • • 

- substitutions in both cloned (20l' and amplified genoniic .DNA samples·( this study). A 
' -

unique characteristic of this scanning procedure is that a relatively large region of DNA 
- ( 

can be scanned as opposed to ·only. 20 'or so bases in the. synthetic oligonucleotide probe -

. approach. 

66 



, Another approach to the detection of single oase substitutions using the RNase 
' . 

cleavage procedure was recently reported by K. Forrester, et al.~ (1987) who used. 

RNase A to detec~ ~(f localize single base substitutions in RNA:RNA duplexes formed 

between an AS ~A probe and corresponding mRNA ( 46). Total RNA, isolated from 

cultured cells or human tumor tissue samples expressing the K ~ras oncogene, was 

· hybridized to a single-strand~·As RNA probe complementaty to exon I of the K-ras 

. oncogene. RNase A recognition and cleavage of single base mismatches at codon 12 

was shown to be very efficient when compared to cleavage of mismatches formed in 

RNA:DNA heteroduple;xes. This increased cleavage efficiency may be due in part to 

RNase A cleavage of either/or both strands of the ·RNA:RNA duplex. In .some cases 

where no cleavage at the mismatch occurred on the RNA probe strand of the duplex, 

cleavage at the mismatCh on the opposite, mRNA strand, may facilitate cleavage of the 

probe strand. This would result in a higher cleavage efficiency at single ·base . 

mismatches. In this approach only single base substitutions in the 51
· and 3' 

untransl~ted and amino acid coding regions are detected 

Other potential ~pplications of the proeedure include deletion end mapping . 

(as has been demonstrated),. locus ·assignment in duplicate homologous gene pairs 

(e.g., alpha- and gamma- globin loci), and possibly uses in genomic sequencing. The 
' 

problem of locus assignment can ~ approached .in the following· manner~ By 

enzymarically amplifying one gene of a homologous pair over the other ~d using the· 

RNase cleavage procedure to examine the amplified sequence, a specific single base 
. . ' 

substitution may be assigned to a specific gene. 

I 
l 
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SUMivlARY 

The feasibility of using in vitro synthesized, single-stranded RNA probes to 

detect and localize single base substitutions in DNA by RNase cleavage of single base 

mismatches in RNA:DNA heteroduplexes was investigated The analysis of various 

cloned DNA sequences has demonstrated the accuracy of the RNase cleavage procedure 

to localize single base differences as well as the potential use of the method to map the 

5'/3' ends of deletions. Other possible applications include uses in genomic sequencing 

and locus assignment experiments. 

The sensitivity of the RNase cleavage procedure to detect single base 

substitutions depends upon the efficiency of RNase A to cleave at a particular base 

. · mismatCh within an RNA:DNA heteroduplex. The data presented here show selective 

cleavage by RNase A of some base mismatches over others. The ability of RNase A to 

cleave at so1:11e mismatches in some sequence contexts but not in others is not 

understood. However, using both sense and anti~sense RNA probes increases the· 

probability of forming a cleavable single base mismatch. 

Successful RNase cleavage analysis of sequences in genomic DNA~ i.e., 

uncloned DNA, was contingent upon the enzymatic amplification of specific DNA 

target sequences.· The size of the genomic DNA region which can b~ scanned depends . 

upon the size of the ss RNA probe and more importantly the size of the region 

amplified With the ability to amplify larger regions of genomic DNA, for instance 

from 1 to 2 kbp, many human genes which span several kilobases of DNA can be 
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analyzed for the presence of single base mutations using the RNase cleavage procedure 

· app:roach. . 
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APPENDIX 

A) Isolation of Human Genomic DNA From Peripheral Blood 

Lymphocytes. 

Five to ten ml of whole blood was-poured into a 50 ml conical tube and rinsed 
. ' 

with 3 volumes of0.9% saline (NaCl). The sample was mixed for 10 minutes on a 

rotating platform and then centrifuged at 4°C for 1~ minutes at 3500 rpm· The 

supematarit was carefully aspirated off and the cells rinsed once more. The red blood 

cells (RBC) were lysed by the addition of 30 ml of freshly prepared RBC lysing . 

solution (131 mM ammonium chloride, 0.9 mM ammonium bicarbonate). The 

mixture was mixed on a rotating platform for 15 to 20 minutes· then centrifuged at 4°C 

for 10 minutes at 2100 x g. The hemolysate was carefully poured off into a sterile 

conical tube for storage and the lysing procedure repeated once. The resulting white 

blood cell (WBC) pellet was suspended in 19 mil X STE (50 mM Tris-Cl; pH 7.4, 

1 mM EDTA, 100 mM NaCl) then. poured into a sterile polycarbonate 250 ml flask. 

To this was added 1.0 ml of 10 % SDS and 200 J.1l Proteinase k (10 mg/ml in 10 mM 

Tris-HCI; pH 7.5), swirled gently, and incubated at 42°C for 14-16 hours. The 

mixture was poured into a 50 ml conical tube and extracted with an equal volume of 

phenol (redistilled, saturated with 200 mM Tris-Cl; pH 7 .4, containing 0.1% 

8-hydroxyquinoline ). The upper aqueous phase was carefully removed and extracted 
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with an equal volume of chloroform:isoamyl alcohol (24:1). The upper aquepus 

phase was carefully removed and the DNA precipitated by pouring the solution into 

50 m195% ethanol (EtOH) and 10 m17.5 M ammonium acetate. The solution was 

gently swirled and DNA allowed to precipitate at ambient temperature for 30 minutes. 

The DNA was carefiilly removed with a sterile transfer pipette then washed with 70% 

EtOH. The EtOH was ~arefully decanted and the DNA allowed to air dry for 60 

minutes. The DNA was then dissolved in 500 JJl TE (10 mM Tris-Cl; pH 7.4, 1 mM 

EDTA) and stored at 4oc. 

B) Bacterial Transformation 

E. coli· strain HB101~ (100 J.Ll) were gently placed in pre-chilled 17 x 100 mm 

polypropylene tubes (Falcon ~059). Ligation reactions were diluted 5 fold with sterile 

deionized water prior to transformation. One microliter (J.Ll) of this dilution was ·gently 

· · mixed on ice with the competent cells. The cells were gently shaken for 5 seconds then 

incubated for 30 minutes on ice. The mixtures were "heat-shocked'o for 45 seconds in 

a 42 oc water bath~·then placed on ice for 2 minutes. Nine hundred (900) Jll of 

ambient temperature S.O.C. media (2% (w/v) Bactotryptone~·0.5% (w/v) yeast extract~ 

10 mM NaCI~ 2.5 mM KCl, 10 mM MgCl2, 10 mM MgS04, and 20 mM glucose; pH 

7 .0) was added and the cells incubated at 37 °C for 1 hour, shaking at 225 rpm. 

Transformation reactions were plated ·on 22 x 22 em LB agar plates 

(10 g. Bactotryptone, 10 g. NaCl, 5 g. yeast extract, 15 g. Bactoagar, per liter) 

con~g 50 J.Lg/ml ampicillin (LB/Amp agar plates) by spotting the cells on the plate 
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then spreading them gently with a sterile bent (L-shaped) P~steur pipette. The plates 

were inverted and incubated at 37 oc"for 12-16 hours. 

C) Identification of Recombinant Plasmids by In situ 

Hybridization. 

In this procedure, bacterial ·colonies were lifted off the original master agar 

plates onto a Zeta-probe (BioRad) membrane and laid colony side up onto a second 

agar plate. After a period of growth, the colonies were lysed with 'alkali~ neutralized, 

and the denatured plasmid DNA was fixed to the membrane by baking. The membrane 

was then screened with -a 32P-labeled DNA probe. The master plate was stored at 4oc 

· until the results of the screening became available. 

Using sterile forceps and gloves~ 4 pieces, 1 L 1. x 11.1 em of Zeta-probe 

membrane were carefully laid·on top of the 23 x 23 LB/Amp agar plate~ each covering 

1/4 the sutface area of the plate. ·Attention was paid to prevent the formation of air 

bubbles underne~th the membrane which would prevent even transfer of the colonies 

and uniform wetting of the membrane. Each membrane was marked in three assymetric 

locations by stabbing through-it and into the agar beneath with a sterile 18 gauge needle . 

which had been dipped into waterproof India Ink After 5 minutes .the membrane was 

carefully lifted "off the agar plate and transferred colony side up to a second LB/ Amp 

agar plate .and incubated· at 37 °C until the colonies had grown to 0.5 to 1.0 mm in 

width. At this stage while the bacteria were· still growing rapidly, the filter was 

transferred to aLB/Amp plate containing chloramphenicol (10 J.lg/ml) and incubated· 

overnight at 37 OC. This amplification step helps to increase the plasmid copy number 

per cell. The Zeta-probe membranes were peeled" off the LB/ampicillin + 
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chloramphenicol plate and placed for 5 minutes, colony side up, on a stack of Whatman 

3 mm paper that had been soaked in 10% SDS. The membranes were then transferred 

to another stack ofWhatman 3mm paper soaked in 0.5 M NaOH,1.5 M NaCl for 5 

minutes followed by transfer to another stack soaked in 1.5 M NaCI, 0.5 M Tris-Cl; 

pH 7 .5. The soaked stacks of Whatman 3 ~paper were replaced by a freshly soaked 

stack after each step. ·The membranes were air dried and then vacuum baked at 80 oc 
for 2-3 .hours. · 

The membranes were prehybridized at 43 OC overnight in sealed plastic 
; .. 

"seal-a-meal" type, bags with 10.0 ml per membrane o( a solution of 50 % formamide, 

4X SSPE (lOX SS.PE, 3.6 M NaCI, 0.2 M sodium phosphate; pH 7.0, 0.2 M EDTA), 

1.0 % SDS, .0.5 % Blotto (non-fat dry milk, Kroger) and 0.5 mg/ml denatured sheared 

salmon sperm DNA. Hy~ndizatio~ with the 32P-labeled DNA probe was in a solution 

of 47 % formamide, 10 % dextran sulfate, 3X SSPE, l % SDS, 0.5 % Blotto, and 

0.5 mg/ml denatured sheared salmon sperm DNA overnight at 43 °C on a rotating 

platform. After hybridization, the membranes. were washed sequentially in 500 m1 of 2 

x SSC, 2 X SSC/0.1 % SDS, 0.5 X SSC/0.1 % SDS, and 0.1 X SSC/0.1 % SDS. 

Each wash was carried out once with gentle shaking at. ambient temperature. The 

membranes were then blotted dry, covered witli.Saran Wrap and autoradiographed 

overnight at -70 OC withintensifying screens (Dupont). 
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D) Lar~ Scale Isolation of Plasmid DNA 

· · A single bacterial colony containing the plasmid of interest was picked and 

suspended in 100 ml of Luria Broth (LB) containing the appropriate antibiotic 

(ampi~; 50 J;Lg/ml) •. The suspension was incubated for 12-16 hours at 37 oc with 

vigorous shaking (250 rpm). One hundred (100) m1 of the overnight bacterial culture 

was inoculated into lliter of LB with the appropriate antibiotic and incubated at 37 oc; 

with vigorous shaking. The OD260 of the 1 liter culture was monitored until the 

culture reached an 00260 of 0.6 at which time 170 mg of chloramphenicol was added. 

The culture was allowed to continue incubating for 12~ 16 hours. Bacteria were then 

collected by centrifugation at 7000 x g for 10 minutes at 4 °C. The supernatant was 

discarded and the bacterial pellet suspended in a total of 36 m1 of a glucose buffer 

(50 mM glucose, 25 mM Tris-HCl; pH 8.0, 10 mM EDTA). To the suspension 4.0 ml 

of a 40 mg/ml solution of lysozyme (Sigma, from egg whites) in the glucose buffer 

described above was added and· the mixture incubated at ambient temperature (25 °C). 

for·10 minutes. Eighty milliliters· (mls) of a freshly prepared 0.2 M NaOH, 0.1% 

SDS solution were added and the mixture swirled gently. Nex4 40 mls of a 5 M 

acetate solution (made by making a solution of 3 M with respect to potassium acetate 

. and 2M with respect to acetic acid) were added and mixed well until the solution turned 

into a homogeneous white; fluffy mixture. The solution was then centrifuged at 

7000 x g for 10 minutes at 4~ oc ~~the supernatant was ftltered through_ 4-5 layers of 

sterile gauze to remove any pr~ipitate. The filtrate was· extracted once with an equal 

volume of phenoL(redistilled, satUrated with 200 mM Tris-HCl; pH 7 .5, and containing 

0.1% 8-hydroxyquinoline) and once with an equal volume of chlorofonn/isoamyl 

alcohol (24:1;v/v). To the extracted filtrate was added 0.6 volumes of isopropanol to· 
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I, 

precipita~e the nucleic acids. The filtrate was centrifuged at 18,000 x g for 30 minutes 

at 4 oc. The resulting nucleic acid pellet was washed with 70 % ethanol, centrifuged 

and drained. The pellet was dissolved in 500 J.1l TE. 
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