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ABSTRACT 

A synthetic oligonucleotide probe was made to isolate 

the cloned sequence for the T cell activator, interleukin-2 

(IL-'2), from a human cosmid library. The twenty five base 

oligonucleotide was homologous to a region within the third 

exon of the published human IL-2 sequence (Fujita et al., 

1983). When Southern transfers of Eco RI digested human 

genomic DNA were probed with the synthetic probe under high 

stringency conditions (hybridization and washing at 43°C.) 

five bands appeared on the autoradiograph. Besides the 

expected 3.7 kb IL-2 Eco RI fragment, four others ranging 

in size from 4.2 kb to 14 kb were seen. Since it has been 

reported that only a single copy of the IL-2 gene exists 

within the genome, the oligonucleotide was thought to be 

hybridizing to the IL-2 gene as well as some related 

sequences. 

The human cosmid pool library was screened with the 

synthetic IL-2 probe to try and isolate some of these 

related sequences. The 4.2 kb hybridizing fragment seen in 

the genomic screen was present in the two cosmid pools, 7 

and 11. Two identical cosmids containing the 4.2 kb 

hybridizing Eco RI fragment were isolated from cosmid pool 

11. 
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The 4.2 kb fragment was isolated from one of the 

large cosmids and subcloned into the plasmid vector pUC8. 

The probe was found to hybridize to a 350 bp region 

delineated by Hiñc II and Pst I. The small fragment was 

subcloned into pUC12 to sequence the region surrounding the 

probe. 

The sequence revealed a discrepancy between the 

hybridizing region and the oligonucleotide probe. The probe 

is 767. homologous (19/25 bases) to the only possible 

hybridizing region only if a guanosine residue loops out 

when the probe binds to the genomic sequence. This type of 

mispairing with oligonucleotides has been previously 

reported in the literature (Panabieres at al., 1982).. The 

sequence of the synthetic oligonucleotide probe was 

verified to rule out a missed base during synthesis. The 

probe was therefore probably not long enough and the 

stringency of the conditions high enough to detect specific 

sequences. 

As expected the comparison of the DNA and amino acid 

sequence to that of the IL-2 gene identified no significant 

homology except at the region thought to be hybridizing to 

the probe. A search of a gene sequence data bank with the 

sequence Of the 350 kb segment failed to identify homology 

to any other known sequences. 
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INTRODUCTION 

The promise of a cure for diseases from the common 

cold to cancer has led to a flurry of activity in research 

on a group of molecules responsible for regulation within 

the immune system. Lymphokines or monokines, depending on 

the cell of origin, are growing classes of these 

hormone-like proteins that act on specific 

reticuloendothelial cells to influence their growth, 

maturation and function. 

Xnterleukin-2 (IL-2) or 1-cell growth factor is 

characterized as a lymphokine secreted by lectin or antigen 

stimulated T cells (Morgan et al., 1976, Gillis et al., 

1978).. Although it has been assigned other important 

immunoregulatory functions its key role appears to be the 

initiation and maintenance of 1 cell clonal expansion 

(Gillis and Smith, 1977). Interleukin-2 has been recently 

reviewed by Kendall Smith in the Annual Reviews of  

Immunology (Smith, 1984). Smith also earlier reviewed the 

subject in an article published in Immunological Reviews 

(Smith, 1980), 

Interleukin-2 was first isolated from lectin 

stimulated human peripheral blood and bone marrow 1 cell 

cultures but has since been purified to homogeneity from a 
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variety of other tissues (Smith, 1980, Robb and Smith, 

1981, Maretta et al.,1981). It has also been shown to be 

present in a number of other mammalian systems (Smith, 

1980, Kashima et al., 1980). The human protein has a 

molecular weight of approximately 15,000 daltons (Robb and 

Smith, 1981) and a varying degree of reported glycosylation 

(Maeda et al..,1983). 

The first cloning and nucleotide sequence of the cDNA 

for IL-2 from the human Jurkat leukemic I cell line was 

reported by Taniguchi's group in 1983 (Taniguchi et al., 

1983). The cDNA codes for a protein of 153 amino acids 

including a signal sequence of 20 amino acids that does not 

appear in the secreted 

cDNA has been expressed 

Rosenberg et al, 

protein. The genetically engineered 

in E. coli (Devos et al., 1983, 

1994) and cultured monkey cells 

(Taniguchi et al., 1983) to produce a biologically active 

protein product. More work on the molecular biology of IL-2 

has led to the cloning and sequencing of the chromosomal 

gene and its flanking regulatory sequences (Fujita at 

al..,1983). The IL-2 gene has since been assigned to 

chromosome 4q. (Seigel, 1984). 

In this project an attempt was made to isolate and 

characterize DNA sequences related to the human IL-2 gene. 

A synthetic Oligonucleotide probe, corresponding to a 

coding region of the human IL-2 gene, was made to isolate 

the cloned sequence for IL-2 from a human cosmid library. 

Upon screening Southern blots (Southern et al., 1975) of 
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Eco RI digested human genomic DNA it was found that the 

oligonucleotide probe had specific homology to other 

sequences as well as the expected fragment for IL-2. It may 

be possible that these other homologous sequences are other 

cytokines that share a common domain with IL-2. Support of 

this hypothesis comes from the similarity in the cellular 

origin of cytokines, their target membrane receptors and 

their function. These concepts are disscussed below. 

It was these other sequences that were of interest as 

the IL-2 gene had already been cloned (Fulita et al., 

1983). Isolation and characterization of the homologous 

sequences would determine if they indeed were related to 

IL-2 and fell into one of the broad categories of 

cytokines. 

Lymphokinus 

A list of some of the best characterized lymphokines 

together with the cells they act on is presented in table 

1. (as adapted from Panem, 1983). Most of the soluble 

mediators originate from mononuclear or T cells after 

specific external 'activation. They in turn induce 

autoregulatory and/or growth control actions on other cells 

within the immune and reticuloendothelial system. 

Interleukin-2 and interferon-gamma have been the most 

extensively studied lymphokines to date in part due to 
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early studies which suggested 

factors in cancer therapy. Since 

of the first lymphokine gene, 

a possible role for these 

the cloning and expression 

interferon-gamma (Gray et 

al.. 1982) several others have followed including 

interleukin-1 (Auron et al., 1984), lymphotoxin (Gray .t 

al., 1984) and tumor necrosis factor (Pennica et al., 

1984). Work on lymphotoxin and tumor necrosis factor is 

progressing rapidly, especially by the pharmaceutical and 

biotechnology industries, as both kill tumor cells in 

experimental systems and so have potential in tumor therapy 

(Sikora, 1984). 

Lymphokine Cell of Origin Target Cell Regulatory Function 

interleukln 1 (IL-1) Monocytes/Macrophages T cells T cell activation 

interleukin 2 (IL-2) T cells 

Interleukin 3 (IL-3) T cells 

Interferon-gamma (I FN-Y) T cells 

I cells Maturation and 
Proliferation 

Some cytotoxic T cell Growth 
T lymphocytes 

Numerous Numerous 

Colony stimulating T cells and macrophages Granulocytes 
factor (CSF) 

B cell growth factor (BCGF) I cells 

T cell replacement I cells 
factor (TRF) 

Tumour necrosis. factor Macrophages 
(TNF) 

Lymphotoxin T cells 

B cells 

B cells 

Tumour cells 

Tumour cells 

Stimulates growth of 
Granulocytes and 
Macrophages 

Stimulates growth of 
B cells 

Stimulates immuno-
globulin production 

Lysis of tumour cells 

Lysis of tumour cells 

Table 1. Some of the best characterized lymphekines 
and their properties 
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The interrelationship between several known 

lymphokines involved in the growth regulatory activity of 

lymphoid cells is illustrated in figure 1 (as adapted from 

Maizel, 1984). Stimulation of mononuclear cells or 

macrophages by antigens or other exogenous stimuli 

(lectins) produces IL-1 which initiates the cascade of 

events involved in a cellular immune response. IL-1 acts on 

antigen primed T cells to trigger the synthesis and 

secretion of IL-2, colony stimulating factor (CSF) and 

interferon-gamma (also may be called macrophage activating 

factor, Feldmann, 1985). One of most important responses 

from the activated T lymphocytes is the production of IL-2 

which induces long term proliferation and clonal expansion 

of T cells. A large population of T-helper, T-suppressor 

and cytotoxic T lymphocytes is produced to aid B cells and 

macrophages in the immune response. Colony stimulating 

factor and interferon-gamma act back on primed macrophages 

to stimulate their growth and maturation. B cell growth 

factor (BCSF) and T cell replacement factor (TRF) are 

produced by 1-helper cells to aid in the proliferation and 

differentiation of B cells to form antibody secreting end 

stage plasma cells. In a classical immune response the 

specific antibody produced attaches to the antigen and aids 

macrophages and cytotoxicT cells in its destruction. This 

is a simplification of a yet undefined process that 

undoubtably involves many other still illusive soluble 

mediators and cell-cell interactions. 
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IL-1 

IL-i 

Ag 

a 

I 
Ag 

IL-2 

INF-Y 

T 

Proliferation 

TRF 

B 

Proliferation 

B 

Effector 
T C.II. 

71- Antibody 

Antibody Forming 
c.iII 

-J 

Antibody 

Figure 1. The interrelationship of some of the known 
lymphokinu. Il-i produced from antigen stimulated 
macrophages acts on T cells which subsequently produce 
other lymphokines important in an immune response; 

1, T cell; B. B cell, MO, Macrophage 
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Interl.ukin-2 Receptors 

Similar to other immunoregulatory soluble 

mediators, IL-2 binds to high affinity receptors an the 

surface of antigen stimulated T cells (Cantrell and Smith, 

1983).. From SDS-PAGE gel electrophoresis and 

immunaprecipitation studies the receptor appears to be a 

60,000 dalton membrane glycoprotein devoid of intrachain 

disulfide bonds (Smith, 1984). The presence of the receptor 

on the surface of the cell is a transient response and only 

occurs shortly after a separate antigen receptor is 

triggered. To prolong the proliferative respánse the 

antigen must be continually present to maintain the 

synthesis of the IL-2 receptors. The number of receptors on 

the surface of the cell depends upon the amount of antigen 

present. The rate of I cell proliferation is also dependent 

upon the concentration of IL-2 available to the cells. 

This unique IL-2 hormone receptor system ensures that only 

antigen stimulated T cells within a population of 

lymphocytes respond by clonal expansion because 

unstimulated T cells do not express IL-2 receptors. 

There is evidence for cross reactivity between the 

cellular receptors of the immune system and other hormones. 

Thyroid stimulating hormone and chorionic gonadotropin have 

been shown to effectively compete with interferon-beta for 

the binding to receptors on human cells. This commonality 

may be due to conserved homologous regions within the 
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protein hormones (Revel, 1979, Groilman et al., 1978). 

Conservation in functional sequences between different 

species is evident as many lymphokines will act across 

species. One example is human IL-2 which will mimic the 

action of murine IL-2 on murine lymphocytes (Feldmann, 

1985). However this action is unidirectional as murine IL-2 

will not stimulate human lymphocytes. 

The Molecular Biology of Intarleukin-2 

The molecular biology of interleukin-2 has progressed 

rapidly since Taniguchi et al. (1983) first reported the 

cloning, nucleotide sequence and expression of a cDNA 

coding for IL-2. A selected cDNA library was constructed 

from a lectin induced, high IL-2 producing, 3urkat 

leukemic T cell line. The mRNA was fractionated an a 

sucrose density gradient and each fraction tested for IL-2 

activity after in viva translation by Xenopus laevi  

oocytes. Fractions which stimulated the incorporation of 

tritiated thymidine by an IL-2 dependent T cell line were 

chosen for library screening. This dramatically increased 

the probability of finding IL-2 positive clones. 

The DNA sequence found coded for a polypeptid. 152 

amino acids long containing a signal sequence of 20 amino 

acids. The cDNA when expressed in cultured monkey COS (SV4O 

transformed simian cells) cells produced a biologically 
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active protein of 133 amino acids. This corresponds to a 

molecular weight of 15,000 daltons which is in agreement 

with the values obtained by fractional gel filtration (Robb 

and Smith, 1981). 

Previous heterogeneity observed in the molecular 

weight was found to be due to differences in sialation and 

gylcosylation. 0-linked sugars (0-Ser, 0-Tyr) attached to 

the molecule during post translational modification altered 

the molecular weight and electrophoretic mobility of the 

protein on an isoelectric focusing gel (Smith, 1984, Robb 

et al., 1983). 

About the same time Fiers group (Devos et al., 1983) 

using similar techniques also isolated a cDNA for IL-2. The 

DNA sequence isolated from mitogen stimulated spl.nocytes 

was appropriately engineered and inserted into E. coli.  

The biologically active bacterially derived IL-2 indicated 

that glycosylation was not necessarily important for 

biological activity. 

From the published IL-2 cDNA sequence other groups 

isolated IL-2 clones from cDNA libraries using synthetic 

oligonucleotide probes. Rosenberg et al. (Rosenberg at al. , 

1984) isolated an IL-2 cDNA from human peripheral blood 

lymphocytes (PBLs) which when inserted into g coli was 

expressed in high concentration. They again found no 

functional differences between native and recombinant 

interleukin-2 molecules. 

Using the cDNA as a probe Taniguchi (Fujita et al., 
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1983) cloned and sequenced the IL-2 chromosomal gene and 

its flanking sequences from human peripheral blood 

lymphocytes. The entire gene is divided into three introns 

and four exons centered within two adjacent Eco RI 

fragments. The first exon contains a 5' untranslated region 

and codes for the first 49 amino acids including the 

presumptive 20 amino acid secretory signal peptide. The 

second exon, which codes for the next 

separated from the first exon by a 

sequence of 91 base pairs. A large intron 

separates the third exon which codes for 

20 amino acids. is 

short intervening 

(2292 base pairs) 

the next 48 amino 

acids. The final exon, which is followed by a termination 

codon codes for 36 amino acids. The expected promoter and 

termination elements are present in respective flanking 

sequences. Upstream from the translation initiation site 77 

base pairs is the promoter sequence TATAAA. Transcription 

was found to occur 53 base pairs 5' to the translation 

initiation codon (Holbrook et al., 1984). 

Other groups have since cloned and sequenced the 

chromosomal gene for IL-2. Degrave et al • (1983), Mita at 

al. (1983) and Holbrook et al. (1984) used the available 

IL-2 cDNA clone to screen bacteriophage Charon 4A human 

gene libraries. 

libraries cloned 

and peripheral 

Holbrook's group screened three genomic 

into Charon 4A (human spleen, placental 

blood lymphocyte) but were only successful 

in isolating IL-2 clones from the peripheral blood 

lymphocytes. Three overlapping clones were isolated which 
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contained the entire IL-2 gene. All four groups have 

published similar results with only minor discrepencies 

within the sequence and 

sequence (Holbrook et al., 

Data reported groups 

always within an intervening 

1984). 

who have isolated the human IL-2 

gene indicates that there is only a single copy of the IL-2 

gene within the human genome. Taniguchi's group (Fujita 

etal., 1983) reported that only a single species of mRNA 

coding for IL-2 could be identified in both a leukemic I 

cell line and peripheral blood lymphocytes. Using Southern 

blot analysis of cellular DNA's from normal and malignant 

lymphocytes Holbrook et al. (Holbrook et al., 1984) 

demonstrated that the predicted restriction map for the 

cloned genomic IL-2 was obtained. This indicated that there 

was only a single copy of the IL-2 gene and that no 

rearrangement of the genomic sequence took place in the 

malignant lines they studied. 

There is little or no reported homology between IL-2 

and other lymphokines except within a small 5' flanking 

region of gamma interferon (Gray and Goeddel, 1982). A 62% 

homology extending 50 nucleotides upstream from the "TATA" 

box suggests, at best, conservation in sequences that might 

be involved in the regulation of these two lymphokines as 

they are coordinately induced by similar stimuli (Mita et 

al., 1983). In addition there is a limited amount of 

homology between the human IL-2 gene and the adult T cell 

leukemic virus LTR region (Holbrook et al., 1984). 
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Significant homology between the sequence of murine IL-2, 

cloned by Kashima et al. (1985) and human IL-2 accounts for 

the fact that human IL-2 is active on mouse lymphocytes. 

The fact that mouse IL-2 does not act on human lymphocytes 

is probably due to a stretch of 12 glutamine residues 

present in mouse IL-2 but not in human IL.-2 (Feldmann, 

1985). 

Research Rationale 

The synthetic oligonucleotide probe, 25 nucleotides 

long, is hamologous to a region within the third exon of 

the published human IL-2 sequence (shown in figure 2. 

Fujita et al., 1983). This corresponds to positions 293-317 

of the reported sequence of the IL-2 cDNA (Taniguchi at 

al, 1983). The probe consisting of the bases: A CTC AAA 

CCT CTS GAS BAA GTG CTA, has a S-C content of 48 and is 

complementary to the interleukin-2 mRNA. 

When Southern blots of Eco RI digested human genomic 

DNA, isolated from peripheral blood lymphocytes, were 

probed with the P labelled probe, multiple bands 

appeared on the autoradiograph (see figure 3). Since it has 

been reported that only a single copy of the IL-2 gene 

exists within the genome (Fujita at al., 1983), the 

oligonucleotide probe may be hybridizing to the IL-2 gene 

and some related sequences. 
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From the previously published restriction map of the 

region surrounding the IL-2 gene (Figure 2) the probe 

should hybridize to a 3700 base pair Eco RI restriction 

fragment. When genomic Southerns were probed under high 

stringency conditions (hybridization, 0.9 M NaCl. and 

washing, 2X SSC, at 43 D C., see 11materials and methods) the 

3700 base pair band showed up as well as four others 

ranging in size from 4200 to 14,000 base pairs. When the 

Southerns were probed at a lower stringency (hybridization 

at 43CC.., 0.9 M NaCl, washing in 2X SSC at room 

temperture) up to 15 hybridizing bands were seen on the 

autoradiograph again including the expected 3700 base pair 

Eco RI fragment (figure 4). 

12 3 4 

Probe 

E H CH ES X X HSSE 

I I I I I I I I II I I 
4 3.6kb 0.4 —3.7kb 

Figure 2. Restriction map of IL-2. The sequence is 
represented from 5' to 3' going left to right. The exons 
are indicated by the numbered black rectangles. The 
location of the oligonucleotide probe within the third axon 
is also shown. E, Eco RI; H, Hind III; C, Cia I; S, Stu I; 
X, Xba. 
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The stability between nucleic acid hybrids is 

affected by the ionic strength (M, in mol/liter) of the 

medium, base composition (% G+C), the length of the 

hybridizing fragment (n) and the concentration of 

destabilizing agents like formamide (Meinkoth and Wahl, 

1984). The melting temperature (tm) or temperature at which 

50% of the DNA hybrids are dissociated is given by: 

(1) tm = 81.5°C.. + 16.6LogM + 0.41 (7.131-C) 

- 500/n - 0.61 (7.formamide). 

This pertains to nucleic acid fragments longer than 

50 nucleotides. Shorter duplexes, especially between 

oligonucleotides 14-20 base pairs in length, show a 

decreased stability (Meinkoth and Wahl, 1984). The Id or 

temperature at which 50% of these shorter duplexes 

dissociate can be estimated by multiplying the number of S 

and C residues by four and adding it to twice the number of 

A and T nucleotides:' 

(2) t€. = 4(131-C) + 2(A+T). 

To detect perfectly matched molecules a hybridization 

temperature of 5°C. below the t is used. Thus a perfect 

match between the oligonucleotide probe, 25 bases long, and 

the IL-2 gene could be detected at a theoretical 

hybridization temperature of 69°C. (4(6+6)+2(8+5)-5°C.). 
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Mismatches between bases decreases the stability of the 

duplex -farmed. It has been estimated that mismatches within 

shorter duplexes of less than 20 base pairs decreases the 

tm by appproximately 5-10°C. for every mismatched pair 

(Wallace et al., 1981). This is significantly more than if 

the duplex was just shorter by one base pair. With the IL-2 

25 mer oligonucleatide probe, a hybridization temperature 

of 43D c would only allow for five theoretical mismatches. 

Therefore only sequences with 20/25 matches would hybridize 

to the probe. 

Another method to determine hybridization and washing 

conditions when using synthetic oligonucleotide probes is 

given by Lathe (1985). He proposes that hybridization 

should be done at 5 to 25 °C. below the tm of the hybrid so 

that all possible matches can be farmed. The temperature of 

a high stringency washing step, under salt conditions of 2X 

SSC, determines the degree of homology allowed between the 

probe and the sequence. The high stringency washing 

temperature (t..) is determined by: 

(3) t.. = 94 - 820/1 - 1.2(100-h) 

The value of 94 is the melting temperature for long 

random DNA. For reduced length of a hybrid the expression 

-820/1 is used, where 1 is the probe length in nucleotides. 

The expression -1.2(100-h) is the change in the tm per 

percent non-homology, where h is the percent homology 
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between the two sequences. 

For the 25 mer IL-2 oligonucleotide, a hybridization 

temperature of 43°C. (25°C. below the tm) and a high 

stringency wash at 43°C. (in 2X SSC) would allow hybrids 

with only 85% or greater homology to the probe. This 

corresponds to matches of greater than 21/25 nucleotides. 

At a lower washing temperature of 25°C. up to eight 

mismatches would be allowed, which explains the presence of 

additional bands when genomic Southerns were probed at a 

lower stringency. 

In theory, an oligonucleotide of 16 bases should be 

uniquely represented within the human genome. This is 

arrived at from the formula where the number of hybridizing 

sequences (N) is equal to twice the complexity of the gene 

pool (C) divided by 4 to the power of the probe length (h) 

(Wood at al., 1984). 

(4) N = C(2) /4". 

In practice however at least a 19 base 

oligonucleotide probe is needed to have a high probability 

of recognizing an unique sequence from the human genome 

(Conner et al., 1983, Lathe, 1985). 

In view of the conditions used (hybridization and 

washing at 43°C.) to identify the interleukin-2 3700 base 

pair Eco RI fragment, the other bands should represent 

unique sequences with a high degree of homology to the 



17 

probe and possibly IL-2. Other evidence for relatedness of 

the sequences to the probe and possibly interleukin-2 come 

from other experiments. 

When genomic Southern blots using other restriction 

enzymes (Hind III, Xba I and Barn Hi) were analyzed with the 

probe, multiple bands emerged as well as the expected ones 

for IL-2. This included the anticipated 3600 base pair Hind 

III fragment and the 1000 base pair Xba I band. In another 

experiment, mouse Eco RI cut genomic DNA Southern blots 

were analyzed with the probe. A strongly hybridizing band 

of 2500 base pairs was seen along with other less intense 

signals. 

Research Goal 

From this point on the project focused on the 

isolation and characterization of 4.2 kb Eco RI fragment 

hybridizing to the probe. The oligonucleotide will be used 

to screen a human cosmid library from placental DNA in an 

attempt to identify the 4.2 kb fragment. Sequencing of the 

fragment would determine the amount of homology to the 

oligonucleotide probe, IL-2 and to any other lymphokine of 

which the sequence is known. Northern analysis of 

transformed human T and B cell lines may identify the 

expression of the fragment in these tissues. 
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MATERIALS AND METHODS 

Preparation of the Oligonucl.otide Probe 

The aligonucleotide probe, 25 bases long 

corresponding to a region within the third exan of the IL-2 

gene was synthesized an a Applied Biosystems Model 380A 

synthesizer using phasphoramidite chemistry (Beaucage and 

Caruthers, 1981). A final yield of 104 A, units was 

dissolved in 500 uI of water and further purified by 

preparative polyacrylamide gel electrophoresis. Six A280 

units were applied to a 2 cm well on a 20% polyacrylamide 

gel containing 7M urea (Maniatis et al.,1982). The 34 x 40 

cm, 1.5 mm thick gel was run for 4 hours at 600 volts. 

Short wave U.V. shadowing was used to visualize the major 

band corresponding to 25 base pairs (Applied Biosystems, 

1983). The oligonucleotide within the polyacrylamide gel 

was excised and subsequently electroeluted into Spectrapor 

dialysis tubing (Spectrum Medical Industries, mw cut off 

2000) in lx Tris-Borate (TEB) buffer (lox TEB = 0.9M Tris 

borate, pH 8.3, O.9M Boric acid, O..02M EDTA, pH 8.0) at 50 

mA for 2 hours.. The eluted material was dialysed against 2 

liters of water, 25 mM EDTA overnight at 5CC. 

The sample was subsequently lyophilized to dryness, 
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resuspended in 100 ul of water, spun at 12,000 rpm to 

remove insoluble matter and relyophilized. The resulting 

pellet was resuspended in 200 ul of water to yield a final 

concentration of approximately 1 ug/ul. 

The oligonucleotide was phosphorylated using T4 

polynucleotide kinase (PNK) and crude (gamma P] labelled 

ATP purchased from ICN (greater than 7000 Ci/mmole) to 

yield a specific activity of 1 x l0 cpm/uq (Meinkoth and 

Wahl, 1984).. A hundred nanograms 

added to 5 ul of 2X kinase buffer 

10 mM MgCl, 5 mM DTT), 4 units 

(10-20 pmoles) of DNA was 

(140 mM Tris-HCl, pH 7.6, 

of PNK, 70 uCi (3-4 molar 

excess) of (gamma P3 ATP and reacted at 37C for 30 

minutes. 

Unincorporated label was removed from the labelled 

material by gel filtration through a 8th-Gel (Bio-Rad) P4 

column 4 mm x 100 mm long according to the methods of 

Vousaf et al. (1984). The column was equilibrated and 

eluted with buffer containing 50 mM Tris-HC1, pH 7.5, 150 

mM NaCl, 10 mM EDTA, 0.1% SDS. The column was monitored 

using a hand held Geiger counter. The eluted probe 

contained in the first peak was used directly for Southern 

analysis of genomic and cosmid DNA. 

Preparation of Genomic and Cosmid DNA 

Genomic DNA from human peripheral blood lymphocytes 
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was isolated essentially RNA free by a procedure from the 

Molecular Diagnostic Laboratory of the Alberta Children's 

Hospital (MDL Method 001). Hypotonic tris buffered 

ammoniumcioride (0.4 M NH1Cl, 0.02 M Tris-HC1, pH 7.65) 

was used to lyse the non-nucleated red cells so that the 

nucleated cell fraction could be isolated intact. Four 

volumes of the NHqCl:Tris solution warmed to 37DC., were 

added to 1 volume of whole blood and incubated at 37C for 

5 minutes. The solution was centrifuged at 2000 rpm for 10 

minutes and the resultant supernatant was aspirated off. 

The pellet was resuspended in 10 mis of saline (0.85 7. 

NaCi), recentrifuged and redissolved in 2 mis of high TE 

(100 mM Iris, pH 8.0, 40 mM EDTA). The cells were 

immediately lysed by injecting 2 mis of lysis mixture (100 

mM Tris, pH 8.0, 40 mM EDTA, 0.2 %SDS) into the solution 

with a S ml syringe. Phenol/chloroform extractions were 

done to remove proteins and organic matter. The nucleic 

acids were precipitated in the presence of 1/10 volume 4 M 

ammonium acetate by adding an equal volume of isopropanoi. 

The precipitated DNA from 50 mis of blood was collected on 

the end of a curved pasteur pipette, washed with 70% 

ethanol, dried and redissolved in 1 ml of low TE (10 mM 

Tris-HCl, pH 8.0, 1 mM EDTA). 

The human cosmid library, a generous gift of Dr. J. 

Collins, was prepared by cloning approximately 45 kilobase 

(kb) Msp I partial digestion fragments of human placental 

DNA into a derivative of pHC 79 (Hohn and Collins, 1980). 
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The vector pHC 79-2 cos/tk contains a Herpes Simplex Virus 

thymidine kinase (tk+) gene and tandom cos sites for 

efficient in-viva packaging (Lindenmeir et al., 1982). 

After Ln-vitrq packaging and infection of the lysogenic 

strain E. coli 1400 (WUPE, 8upF, hsdS, met, recA56, 

lambda L512, Cami and Kouriisky, 1978) the total pool was 

divided into twelve separate aliquots each containing 

20,000-30,000 clones. 

The in-vivo packaging system of Lindenmeir was 

employed to obtain the human placental cosmid library as a 

cosmid lysate (Lindenmeir and Hauser et al., 1982). 

Transfection of the lysogen BHB 3064 (HB101, lambda", 

clts, red3 7 §am7) containing the temperature inducible 

lambda 1434 prophage was done as previously described by 

Lindenmeir (1982). Fresh BHB 3064 was grown in NZ-broth 

plus maltose (5g NaCl. 2g MgCl, lOg NZ-amineA , 4 maltose 

per liter) at 32°C. to late log phase. One hundred 

microliters of the cosmid lysate from each pool was added 

to 100 ul of TM (50 mM Tris, pH 7.5, 10 mM MgCl) plus 100 

ul of BHB 3064 and incubated at 32°C. for 20 minutes. 5 mis 

of L-broth plus 50 ug ampiciilin/mi was added to each tube 

and the solutions incubated with vigorous shaking at 32°C. 

overnight. 

These starter cultures were used 'to innoculate 500 

mis of M9 salts media plus 50 ug ampicillin/mi (Clewell and 

Helinski, 1970) which were then grown at 32°C. to an A!a 

of 0.6. Cioramphenicol (170 ug/ml) and 10 mis of 207. 
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glucose were added and the cultures further incubated for 

16 hours. 

The cosmid DNA was prepared by a modification of the 

procedure of Godson and Vapnek (Godson and Vapnek, 1973). 

The bacterial pellet was resuspended in 30 mls of STE (87. 

sucrose, 100 mM Tris, pH 8.0, 40mM EDTA) mixed with 80 mg 

of lysozyme and left at room temperature. After ten minutes 

4 mls of 0.27. SDS in 100 mM Iris, pH 8.0, 40 mM EDTA was 

injected into the solution and left at 37°C. until clear. 

After clearing, 4 ml's of 5 M potassium acetate was added 

and the solution put on ice for 30-40 minutes. The chilled 

tubes were centrifuged at 17,000 rpm for 45 minutes at 

4°C. in a Sorval S834 rotor. The supernatant was collected 

and mixed with 0.6 volumes of absolute isopropanol. The 

resulting precipitate was collected by centrifugation at 

10,000 rpm and air dried. 

The pellets were dissolved in 19 mls of 100 mM Iris, 

pH 8.0, 4 mM EDTA and added to 20.4 g of solid CsCl. 

Ethidium bromide (2.4 mls of 5 mg/ml) was added before the 

solutions were dispensed into two BOTi tubes, heat sealed 

and centrifuged in an 80Ti rotor on a Beckman LB-SO 

ultracentrifuge for 44 hours at 45,000 rpm. 

Following puncture of the top of the tube, the lower 

band, representing the covalently closed cosmid DNA, was 

collected through a 21 gauge hypodermic needle inserted 

into the side of the tube. 

Three to four N-butanol (water saturated) 
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extractions were done to remove ethidium bromide and then 

water added to bring up the volume to four times the 

original. Precipitation of the nucleic acids was done by 

adding 1/10 volume of 4 H ammonium acetate and 2.5 volumes 

of 95% ethanol, freezing in liquid nitrogen and 

centrifuging to collect the pellet. The precipitate was 

washed with 70% ethanol to remove salt and recentrifuged. 

The cosmid DNA from each pool was redissolved in an 

appropriate volume of low TE (10 mM Iris pH 8.0, 0.1 mM 

EDTA). 

Southern Transfer and Colony Screening 

Digestion of the cosmid pool (1 ug) and genomic (10 

ug) DNA by the restriction enzyme Eco-RI (1 unit/ug) was 

done in high salt buffer (100 mM NaCl, 50 mM Tris-HC1, pH 

7.5, 10 mM MgCl, 1 mM DTT) at 37°c. for 5 hours (Maniatis 

et al., 1982). The completed reactions were stopped by the 

addition of gel loading dye (0.025% bromophenol blue, 

0.025% xylene cyanol FF. 507. glycerol, 0.17. SDS) and loaded 

onto a 1% agarose gel formed by melting 2.5 g of powdered 

agarose into 250 mis of TEA buffer (0.04 M Tris-acetate, 

0.001 M EDTA, 0.5 ug/ml ethidium bromide). The agarose gel 

was run in TEA buffer at 120 mA for 4 hours. 

The electrophoresed DNA was transfered to 

nitrocellulose by the passive diffusion technique 
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established by Southern (Southern, 1975). To facilitate the 

transfer of high molecular weight DNA the gel, was first 

acid hydrolyzed for 2 x 15 mm.. in 0.25 M HM (Wahl et al., 

1979), and then subsequently denatured (2 x 15 mm. in 1.5 

M NaCl, 0.5 M NaOH) and neutralized (2 x 30 mm. in 1.5 M 

NaCl, 0.5 M Tris-HCl, ph 7.4). The gel was then placed on 

filter paper (Watmann 3MM), cut to the size of the gel, 

which was placed on two shammy soaked in 20X SSC (3 M NaCl, 

0.3 M NaCitrate). The nitrocellulose soaked in 2X SSC along 

with two sheets of filter paper was layered on top followed 

by a 1-2 inch stack of paper towels. Transfer took place in 

20X SSC overnight after which the filter was floated in 2X 

SSC and baked in a vacuum oven at 80°C. for 1-2 hours. 

The filters were prehybridized in hybridization 

buffer (0.9 M NáCl, 6 mM EDTA, 90 mM Tris-HC1, pH 7.5,0.17. 

SDS) at 43°C. for one to three hours (Meinkoth and Wahl, 

1984). Homo-chromatography mix II (Jay et al., 1974) was 

added as carrier nucleic acid at a concentration of 100 

ug/ml. 

The filters were hybridized for 16 hours in 

hybridization buffer containing' the probe at a 

concentration of approximately 10 ng/ml or S x 10 cpm/ml. 

High stringency hybridization was done at a hybridization 

temperature of 43°C. followed by four, 15 minute, high 

stringency washes in 2X SSC at 43°C. Low stringency 

hybridization was also done at 43°C. but washed at room 

temperature (25°C.) for  x 15 mm. in 2X SSC. 
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The nitrocellulose filters were dried at roam 

temperature, wrapped in plastic wrap and applied as a 

sandwich between two x-ray films flanked by two Cronex 

Quanta III intensifying screens. After 16 hours the first 

film was developed to check for signal intensity. The 

second film was developed according to the results of the 

first. 

Cosmid pool 11 was chosen for colony screening to 

isolate the desired 4.2 kb clone shown to be present in 

that pool when the cosmid pools were screened. Screening 

was done in a similar fashion to the method published by 

Grosveld (Grosveld and Dahl, 1981) for the isolation of 

beta-globin related genes from a human cosmid library. 

Fresh BHB 3064 was innoculated (as previously described) 

with the cosmid lysate and grown at the permissive 

temperature of 32°c. overnight. The transfarmants were 

appropriately diluted and plated onto six 150 mm 

ampicillian (50 ug/ml) MacConkey agar plates such that 

there were approximately 5000 colonies per plate (30,000 in 

total) and incubated at 32°C. for 16 hours. Nitrocellulose 

lifts of the original plates were grown on chloramphenicol 

(170 ug/ml) MacConkey agar plates for a further 16 hours. 

The original plates were further incubated for 6 hours at 

32°C. and then sealed and stored in the cold until the 

results of the hybridization screening reaction were 

available. 

The nitrocellulose replica filters were denatured and 
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lysed by floating for 4 minutes on 0.5 M NaOH according to 

the procedure of Grosveld (Grosveld and Dahl, 1981). They 

were immediatly floated for another 4 minutes on 1 M Tris, 

pH 7.4, 1.5 M NaCl and washed by shaking in 2X SSC, 0.17. 

SDS. Cell debris was removed by gently wiping with a soft 

tissue. Following washing, the filters were baked for 1-2 

hours at 80 DC. in a vacuum oven. 

The hybridization procedure was the same as 

previously described for the Southern blots. Hybridization 

was at 43°C. for 16 hours at a probe concentration of 5 x 

1O cpm/ml. Positive colonies were picked from the original 

plates and transfered in duplicate to grided ampicillin (50 

ug/ml) LB agar plates. After incubation at 32°C.. overnight 

nitrocellulose lifts were done as described above and the 

filters hybridized at 55°C. Cosmid DNA preparations were 

done on colonies that were positive on both plates. 

Restriction Mapping and Subclaning 

The two positive cosmid DNA clones from pool ii (5 

ug) were cut with the restriction enzymes Eco-Ri, Barn-Hi 

and Hind III to delineate the region that hybridized to the 

probe. Eco-RI and Barn-Hi digestions were done in high 

buffer as previously mentioned whereas the Hind III 

reactions (1 unit enzyme/ug DNA) were in medium buffer (50 

mM NaCl, 10 mM Tris-HCl, pH 7.5, 10 mM MgCl, 1 mM DTT) at 



27 

37°C. for 4 hours. The completed reactions stopped with 

loading dye were loaded onto a 1% agarose gel and run at 

100 mA for 4 hours. The gel was transferred to 

nitrocelilulose as described previously (Southern, 1975) 

and hybridized to the oligonucleotide probe at 43°c. 

overnight . 

The positively hybridizing 4.2 kb Eco-R1 fragment was 

subcloned into the plasmid vector pUC-B (Viera and Messing, 

1982). Twenty micrograms of the cosmid pool 11 clone was 

cut with Eco-R1 and run on a 1% agarose gel until the bands 

in the 3-8 kb region were well separated. Agarose in -Front 

of the 4.2 kb Eco-R1 fragment was cut away and replaced 

with a small piece of Spectrapor dialysis tubing (mw 

cut-off 2000) to -Form a well which was -Filled with 1X 

running buffer. The gel was run at 70 mA for three ten 

minute periods with the buffer being collected and replaced 

at each interval.. At the end of 30 minutes the current was 

reversed for 2 seconds and the buffer collected for a final 

time.. Several N-butanol extractions were done to reduce the 

volume and remove any traces of ethidium bromide. To 

precipitate the DNA 1/20 volume of 4 M ammonium acetate and 

2.5 volumes of cold 95% ethanol were added, the solution 

-Frozen and then spun at 12,000 rpm for 15 minutes. The 

pellet was collected, dried and resuspended in low TE. 

The plasmid cloning vector pUC B was linearized by 

digestion with Eco-RI and phosphatased with calf intestinal 

alkaline phosphatase (Boehringer Manheim) to remove the 
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terminal 5' ends (Manigtis et al.,1982). After a 

phenol/chloroform extraction and precipitation 200 ng of 

the vector were mixed together with a threefold molar 

excess of the 4.2 kb Eco-RI fragment, 1X ligation buffer 

(lox = 0.06 M Tris-HCl, pH7.5, 50 mM MgCl, 50 mM DTT, 10 

mM ATP), 10 units of T4 liqase and incubated at 4°C. for 8 

hours. After ligation 2.5 ul were used to transform E. coli  

HB 101 (F, hsdS2O, recAI3,, -l4, proA2, lacYl,, .IK2., 

rpsL20, y -5, utl-1, 8upE44, lambda- ) according to the 

procedure of Hanahan (Hanahan,1983). 

Colonies which exhibited antibiotic resistence were 

picked with a sterile toothpick and transferred to 

ampicillin (50 ug/mi) LB agar plates in duplicate. 

Nitrocellulose lifts were done on the plates after 

incubation at 37°C. overnight. The filters were processed 

as previously mentioned and probed at 43°C. with the 

oligonucleotide probe. One liter plasmid preparations were 

done on the positive colonies according to the procedure as 

previously described for cosmids (Godsen and Vapnek, 1973). 

Probing of G.nomic and Cosmid DNA with the 4.2 kb subclon 

Southern transfer blots of Eco RI, Barn Hi and Hind 

III cut genamic DNA and Eco RI cut cosmid DNA were probed 

using the 4.2 kb Eco RI fragment isolated from cosmid pool 

11 as a probe. The probe was radiolabeled with the large 
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fragment of DNA polymerase I, using random oligonucleotides 

as primers according to the procedure of Feinberg and 

Voigeistein (1983).. Approximately 100 ng of the heat 

denatured isolated 4.2 kb insert was added to 10 Ui of SX 

oligo-labeling buffer (5X = Solution A:B:C: mixed in the 

ratio of 100:250:150, A: 1.25 M Tris-HCl, pH 8.0, 0.125 N 

MgCl, 0.01 N beta mercaptoethanol B: '2 N HEPES, pH 6.6 

with NaOH C: Hexanucleotides at 90 ODo/ml in 3 mM Tris, 

pH 7.0, 0.2 mM EDTA), 5 ul of 20X cold dNTPs (0.2 mM ATP, 

BTP, CTP and TTP), 10 ul of bovine serum albumin (2 mg/ml), 

7.5 ul of Calpha-pj labelled dCTP and 2 units of the 

large fragment of DNA polymerase I. The volume was made up 

to 50 ul and the solution left at room temperature for 2-4 

hours. Unincorporated label was removed by gel filtration 

through a Sephadex 6-50 (Pharmacia) column equilibrated 

and eluted with HENS buffer (10 mM Hepes, 1 mM EDTA, 10 mM 

NaCl, 0.1% SDS). THe column was monitered using a hand 

held Geiger counter and the eluted probe contained in the 

first peak was used directly for Southern hybridizations. 

The nitrocellulose filters were prehybridized at 

43°C. for a minimum of 6 hours in prehybridization buffer 

(50"/. formamide, 5X SSC, 50 mM Na Phosphate, pH 7.2, 5X 

Denhardts, 0.25 mg/ml of heat denatured salmon sperm DNA 

and 0.1% SDS).. Hybridization was done at 43°C. for 16 hours 

with a probe concentration of 1 x 10d, cpm/mi in 

hybridization buffer (507. formamide, 5X SSC, 20 mM Na 

Phosphate, lx Denhardts, 0.1 mg/ml heat denatured salmon 
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sperm DNA, 0.1% SDS and 10%, w/v, dextran sulfate). 

Following hybridization, four 15 minute washes were done in 

2X SSC, 0.1% SDS at 43°C.. followed by four 15 minute high 

stringency washes in 0.2X SSC, 0.1% SDS at 43°C The 

nitrocellulose filters were air dried and set up for 

autoradiography as described previously. 

Subcloning of the 350 bp Hybridizing Region 

Further detail of the hybridizing region was obtained 

by digestion with the restriction enzymes Pst I, •Pvu II, 

Hinc II, and Hind III. A small piece, 350 bp in length, 

delineated by Pst I and Hinc XX was chosen for additional 

subcloning and subsequent sequencing. 

The small 350 bp fragment was isolated from an 

agarose gel, ligated into pUC-12 (cut with Pst I and Sma I) 

and transformed into HB101 using the same procedure as for 

the larger 4.2 kb fragment. Instead of using hybridization 

techniques to screen for positive clones, plasmid 

preparations were done on five colonies picked at random 

from the plate. 

The single colonies were grown up in 10 mls of LB 

broth plus ampicillin (50 ug/mi) at 37°C. overnight. 

Chloramphenicol (170 ug/ml) was added and the culture 

further incubated at 37°C. for 16 hours. The bacteria were 

pelleted by spinning at 2000 rpm for 10 minutes, 



31 

resuspended in 0.5 mis of 50 mM Tris, pH 8.5, 50 mM EDTA, 

15% sucrose and 1 mg/ml of lysozyme.. After standing at room 

temperature for 10 minutes, 10 ul of 10/. SDS was added and 

the tubes inverted to mix.. Fifty microliters of 5 M 

potassium acetate was added before cooling on ice for 30 

minutes. The sediment was precipitated in a microfuge tube 

for 15 minutes in the cold at 12,000 rpm. The DNA contained 

in the supernatant was decanted into a new tube, 

phenol/chloroform extracted and ethanol precipitated. The 

pellet was redissolved in 50 ul of 10 mM Tris, pH 7.5, 1 mM 

EDTA and ribonucleased with 10 ug/mi of heat treated RNaso 

A at 37°C. for one hour. Phenol/chloroform extractions were 

again done before precipitating the DNA with 1/10 volume 4 

M ammonium acetate and 2 volumes of cold 957. ethanol. 

DNA Sequencing 

Sequencing using the dideoxy chain termination method 

established by Sanger (Sanger et al., 1977) was done 

following a modification of the procedure using AMV reverse 

transcriptase (Life Sciences Inc.) by Karanthanasis (1982). 

Lyophylized Calpha-P] labelled dCTP (20 uCi, 2000 

Ci/mmole) was resuspended in S ul of dNmix (0.5 mM dGTP, 

0.5 mM dTTP, 0.5 mM dATP), 1 ul of cold dCTP (0.05 mM) and 

0.8 ul of lOX RT buffer (0.5 M Tris-HCi, pH 8.5, 0.5 M 

Naci, 50 mM MgCl 2, 20 mM DTT). This solution was mixed with 
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1 ug of the plasmid DNA that was first digested with Pvu II 

and annealed with a commercially available M13 primer (3-4 

molar excess) by heating at 100°C. for 3 minutes and 

cooling on ice for five minutes. Three microliters of the 

template + primer + Calpha-p3 dCTP solution was added to 

four eppendorf tubes marked A, C, G and T. To each tube 1 

ul of the appropriate dideoxy-deoxy nucleotide mix (62.5 uM 

ddATP or 62.5 uM ddGTP or S uM ddCTP or 12.5 uM dd TTP all 

from Pharmacia) was added followed by 1 ul of RTmix (1 ul 

AMY reverse transcriptase, 18 units/ul, 0.5 ul lOX RI 

buffer, 3.5 ul water). The reactions were incubated at 

43°C. for 15 minutes after which 3 ul of all chase (1.25 mM 

dATP, dGTP, dTTP, 1.125 mM dCTP in lx RT buffer) was added 

and the reactions further incubated at 43°C. for 15 

minutes. The reactions were stopped by the addition of 7 ul 

of stop solution (90% formamide in 1X TBE buffer, 0.04% 

xylene cyanol FF, 0.04% bromaphenol blue) and heated at 

100°C. for 3 minutes before loading onto a polyacrylamide 

sequencing gel. 

The sequencing gels were 85 cm x 20 cm x 0.4 mm, 6% 

polyacrylamide buffer gradient gels. (Biggin and Gibson, 

1983) containing 8 M urea. The bottom gel which contained 

10 g urea, 2 g sucrose, 3 mls 407. acrylamide (38:2 

acrylamide:bis--acrylamide), 5 mls lOX TBE (0.4 M boric 

acid, 0.25 M EDTA, 0.75 M Iris, pH 7.2), 10 ul TEMED, 120u1 

10% ammonium persulf ate and 4.6 mls of water was poured 

first and allowed to settle. The upper gel (40 g urea, 12 
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mls of 407. acrylamide, 4 mls lox TBE, 20 ul TEMED, 500 ul 

10% ammonium persul-f ate and 38 mls water) was layered on 

top by pouring down the opposite side. The gel was allowed 

to polymerize for 1 hour and then pre-electrophoresed at 

200 volts for 2 hours. After loading 3 ul of each A. 6, C, 

and T reaction the DNA was electrophoresed at 2500 volts 

for 6 hours. 

On occasion 8% non-gradient palyacyramide gels were 

run to further identify certain regions. The gel was poured 

and run in a similar -fashion as the gradient gels but 

contained 40 g urea, 17 mls 407. acrylamide, 4 mls lox IRE, 

20 ul TEMED, 500 ul 10% ammonium persuif ate and 33 mls' of 

water. 

The sequence was analyzed using three programs 

designed for DNA sequence data analysis. Entering and 

editing of all sequence data was done using a program by 

Schwindinger and Warner (1984). homology to the 

oligonucleotide probe as well as other fragments was 

checked using a program by Mount and Conrad (1984). The dot 

matrix program used to compare the sequence to that of 

other human sequences was that of Lagrimini et al. (1984) 

The MicroGenie DNA and NBRF (National Biomedical 

Research Foundation) protein data banks were also 

searched for homologous sequences. 
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Northern Analysis 

RNA from continuous human B and T cell lines, 

generous gifts of Dr. D. Matheson and Dr W. Dixon, were 

screened with the oligonucleotide and the isolated 4.2 kb 

fragment to determine the presence of an RNA transcript. 

The human B lymphoblastoid cell line, CESS, (Muraguchi et 

al . 1981) and the human leukemic T cell line Jurkat ( 

Schneider et al., 1977) were used. 

The suspension cultures were maintained by the 

addition or replacement of media every 1-2 days. The media 

was the alpha modification of Eagle's media (Stanners et 

al., 1971) filter sterilized and supplemented with 12% 

fetal calf serum (Flow Laboratories). The pH was maintained 

at 7.15 by the addition of 20 mM HEPES buffer. The cells 

were incubated at 37°C. in humidified air containing 5% 

ca l. 

Total RNA was prepared using guanidine thiocyanate 

and LiBr according to the procedure of Krawetz et al. 

(1986). Approximately 2 x 10 cells (20 mis), spun down at 

2000 rpm for 5 minutes, were lysed in 2 mis of 

homogenization solution (4 M guanidine thiocyanate, 27. 

2-mercaptoethanol, 0.1 M Tris-HC1, pH 7.2, 2 M LiBr, 50 mM 

N-lauryl sarcosine) and transferred to a Corex tube. Acetic 

acid (0.025 volumes) and absolute ethanol (0.5 volumes) 

were added and the.RNA precipitated overnight at -20°C. The 

RNA was pelleted by centrifugation at 10,000 rpm for 15 
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mm. at -10°C. and redissolved in 1 ml of resuspension 

solution (6 M guanidine-HCl, 10 mM DTT, 20 mM EDTA, 0.1M 

Tris-HCl, pH 72). After removal of the insoluble material 

by centrifugation the RNA was precipitated by the addition 

of 0.06 volumes 3 .M sodium 

volumes absolute ethanol at 

pellet was resuspended in a 

acetate (NaAc), pH 5.2 and 0.5 

-20°C. overnight. The resulting 

minimal volume of 0.3 M NaAc 

and precipitated again by adding 2.5 volumes of ethanol and 

storing overnight at -20°C.. The RNA was again peletted as 

above, washed with absolute ethanol, dried, and redissolved 

in an appropriate amount of distilled H20. 

For reasons of safety, agarose gels containing 

formaldehyde as opposed to methyl mercury were used for RNA 

electrophoresis and Northern analysis (Maniatis et al., 

1982). The gel was prepared by first melting 0.5 g of 

agarose in 37 mis of sterile water. Before pouring into a 

gel tray, 8 mis 37% formaldehyde and 5 mis lOX running 

buffer (filter sterilized 0.4 M morpholinopropanesulfonic 

acid, MOPS, pH 7.0, 100 mM NaAc, 10 mM EDTA) were added. 

The sample (in 4.5 ul) was prepared by adding 2 ul of 

running buffer, 3.5 ul 377. formaldehyde, 10 ul deionized 

formamide and incubating at 55°C. for 15 minutes. Two 

microliters of loading buffer (507. glycerol, 1mM EDTA, 0.4% 

bromophenol blue) were added and the sample loaded onto the 

gel. 

The gel was run at 50 mA for approximately 1.5 hours 

and then transferred directly to nitrocellulose without 
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staining and visualization. After electrophoresis the gel 

was washed for 5 mm. in several changes of water and then 

soaked for 45 mm. in 50 mM NaOH, 10 mM NaCl. It was then 

neutralized in 0.1 M Tris-HCl, pH 7.5 for 45 mm. and 

soaked in 20X SSC for 1 hour.. Transfer took place overnight 

in 20X SSC as described previously for Southern blots.. The 

next day the filter was air dried and baked at BODC. for 1 

hour. 

The filters were prehybridized, hybridized, washed 

and autoradiographed as previously described for Southern 

blots using both double stranded and oligonucleotide 

probes. 

After autoradiography the Northern transfers were 

stained to visualize the RNA transferred to the 

nitrocellulose. The dried filters were soaked in 5% acetic 

acid for 15 minutes and transferred to a solution 

containing 0.5 M NaAc, pH 8.2, and 0.04% methylene blue. 

After 5-10 minutes the filters were rinsed with water and 

dried. The presence of the ribosomal 28S and 188 RNA 's 

served as markers. 

Sequencing the Oligonucleotide Probe 

The sequence of the oligonucleotide probe was 

confirmed using a modified Maxam-Gilbert procedure for 

oligonucleotides 5 to 120 bases long (Applied Biosystems 
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Inc., 1984). With this technique it was possible to 

sequence all 25 bases of the probe. 

The purified cliganucleotide (300 ng) was 

phospharylated with CgammaP] labelled ATP as previously 

described. Unincorporated label was removed by gel 

filtration through a Bio-6e1 P4 column. The column was 

equilibrated and eluted with low TE buffer (10 mM Tris-HCl, 

pH 8.0, 1 mm EDTA) to minimize the final salt 

concentration. The labelled probe was collected and 

precipitated by the addition of 1/20 volume 4 M ammonium 

acetate and 2.5 volumes of 957. ethanol. The pellet was 

collected by centrifugation, dried on a Speed-Vac 

concentrator and resuspended in 30 ul of water. 

A portion of the sample was partially cleaved at the 

pyrimidine bases (C+T) by treatment with hydrazine. Ten 

microliters of the labelled DNA was added to 10 ul of 

water, 30 ul hydrazine, vortexed and incubated at 37°C. for 

20 minutes. The reaction was stopped with 200 ulof 0.3 M 

sodium acetate (pH 6.0 at 0°C.), 10 ul tRNA (1 mg/ml), and 

1.25 ml ethanol (-20°C.). 

A portion of the sample was partially cleaved at the 

purine bases (G+A) by treatment with formic acid. Ten 

microliters of DNA was added to 50 ul of 88% formic acid, 

vortexed and incubated at 37°C. for 20 minutes. The 

reaction was stopped as above. 

A portion of the sample was partially cleaved at the 

cytosine bases (C) by treatment with hydrazine in the 
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presence of salt. Five microliters of the DNA was added to 

15 ul of 5 M NaCi, 30 Ui hydrazine, vortexed and incubated 

at 25°C. for 30 minutes. The reaction was stopped as 

previously desci bed. 

Finally, a portion of the sample was partially 

cleaved at the guanine bases (8) by treatment with dimethyl 

sulfate. Five microliters of the DNA was added to 200 ul of 

50 mM sodium cacodylate buffer (pH 8.0, 1 mM EDTA), 1 ul 

dimethyl sulfate, mixed and incubated at 25°C. for 20 

minutes. This reaction was stopped with 50 ul of a 1.5 M 

sodium acetate (pH 7.0), 1.0 M mercaptoethanol buffer, 10 

ul tRNA Cl mg/ml) and 1.25 ml of 95% ethanol (20°C.). 

The salts and reagents from each of the four tubes 

were removed by selective precipitation with ethanol. The 

tubes were placed in liquid nitrogen until frozen, thawed 

and centrifuged at 14,000 rpm for 15 minutes. The 

supernatants were decanted and discarded and the pellets 

rinsed by adding 70% ethanol, centrifuging and again 

decanting the supernatant. The pellets were redissolved in 

250 ul of 0.3 H sodium acetate (pH 6.0) and reprecipitated 

by adding 1 ml of 957. ethanol. The pellets were collected 

and rinsed with 70% ethanol as above. 

To cleave the chains at the positions where the bases 

were removed all four reactions were treated with 

piperidine. The pellets were dissolved in 100 ul of 1 H 

piperidine and incubated at 90°C. for 30 minutes. The 

reagent was removed by lyophilizing overnight on a 
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Speed-Vac concentrator. The remaining piperidine was 

removed by adding 10 ul of water and relyophilizing twice. 

The reactions were prepared for loading onto a 

polyacrylamide gel by dissolving the material in each tube 

in 10 ul of 807. formamide, 10 mM NaOH, 1 mM EDTA, 0.17. 

Xylene cyanol FF and 0.17 bromophenol blue. The solutions 

were heated for two minutes at 90°C. and loaded 

immediately. 

The 20% polyacrylamide gel, containing 7 M urea, was, 

run at 1600 volts for three hours and visualized by 

autoradi ography. 
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RESULTS 

Prob. of Human Genomic DNA 

Southern blots of Eco RI cut human genomic DNA 

derived from peripheral blood lymphocytes (PBL's) were 

screened with the oligonucleotide probe at a hybridization 

and wash temperature of 43CC.. Five distinct hybridizing 

bands were seen on the autoradiograph (figure 3). The 

expected IL-2 3.7 kb Eco RI restriction fragment was 

present as well as four others of sizes 4.2, 4.6, 5.8 and 

14 kb. Although the signal intensity of each fragment 

varied between different autoradiographs, the 4.2 and 5.8 

bands were consistently more intense. This difference in 

intensity could be explained by a difference in copy number 

of the various DNA fragments. Subsequent data suggests that 

this may be due to varying degrees of homology between the 

probe and the hybridizing sequences. 

When Eco RI cut genomic Southern blots were probed 

under low stringency conditions (hybridization at 43°C., 

washing in 2X SSC at 25°C.) additional signals were seen on 

the autoradiograph (figure 4). Although the background was 

high no difference was observed in the restriction patterns 

between the Eco RI cut placental DNA and the PBL genomic 
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Cie nom Ic 

Figure 3. Southern blots of Eco RI digested peripheral 
blood lymphocyte (PBL) genomic DNA (10 ug) screened with 
the oligonoucleotide probe at a hybridizing and washing (in 
2X SSC) temperature of 43°C. Sizes of the five hybridizing 
fragments are marked in kilobases (kb). Tracks 1 and 2 are 
from the same individual.. 
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Figure 4. Placental, PBL and mouse LMTK- genornic DNA (10 
ug) cut with different restriction enzymes, Southern 
blotted and probed with the oligonucleotide at a lower 
stringency (hybridization at 43°C. and washing at 25°C., 2X 
SSC ). Tracks 1-4 are placental genornic DNA digested with 
Eco Xba I, Hind III and Barn HI. PBL genomic DNA is shown in 
track 5 to compare to that of placental DNA. Mouse LMTK 
DNA cut with Eco RI is shown in track 6. Note the presence 
of the 2500 bp hybridizing band. 
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DNA. Placental DNA cut with Xba I, Hind III and Dam HI also 

showed multiple hybridizing bands when probed with the 

ol igonucleotide under low stringency conditions. Although 

not clear in figure 4, there are bands corresponding to the 

expected IL-2 3600 bp Hind III fragment and the 1000 bp Xba 

I fragment. Southern blots of murine LMTK genomic DNA cut 

with Eco RI and probed with the synthetic probe at a lower 

stringency showed the presence of a 2500 bp hybridizing 

fragment along with less intense signals. This was not an 

unexpected result due to the homology between the human and 

mouse IL-2 molecules. Under the low stringency conditions 

this band may also represent background hybridization. 

Probing of the Cosmid Pools 

A human placental cosmid library was screened with 

the oligonucleotide probe to try and isolate clones of some 

of the other hybridizing fragments seen in the genomic 

screens. When the twelve Eco RI digested cosmid pools were 

screened at 43DC., hybridizing fragments 4.2 kb in length 

were seen in cosmid pools 7 and 11 (figure 5). Although 

there was some background hybridization and faint bands at 

4.6 and 5.8 kb, no 

of the other cosmid 

significantly less 

other 

pools. 

intense 

intense signals were seen in any 

The signal from pool 7 was 

than that of pool 11 indicating 

a decreased representation of that fragment in that pool. 
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Figure 5. A Southern transfer of cosmid pool 7 and 11 DNA 
(1 ug), cut with Eco RI and probed with the oligonucleotide 
at a hybridization and washing temperature of 43°C. Note 
the strong 4.2 kb hybridizing fragment present in pool 11 
and the weak signal in pool 7. 
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COsmid pool 11 was 

The pool was 

plated onto six 

approximately 5000 

chosen for colony screening. 

grown up, appropriately diluted and 

large LB agar plates such that there was 

colonies per plate. This represented the 

whole pool which contained about 20,000-30,000 different 

clones. Nitrocellulose lifts were screened at 43°C. with 

the oligonucleotide and positive colonies transfered in 

duplicate to smaller LB agar plates. The nitrocellulose 

filters from the smaller plates, when screened under the 

same high stringency conditions, showed the presence of two 

hybridizing colonies at positions 46 and 72 on the plate 

(figure 6). The two colonies were picked for casmid DNA 

preparations. 

Restriction Mapping of the Positive Clones 

The two cosmid DNA clones were digested with the 

restriction enzymes Eco RI, Barn HI, Hind III and Xba I and 

electrophoresed on an agarose gel. After Southern transfer 

and hybridization to the synthetic probe the autoradiogram 

(figure 7) showed that 46 and 72 were the same clone. It 

was also observed that the clones contained a 4.2 kb Eco RI 

fragment, the same size observed in the cosmid pool and 

genomic screens. Cosmid clone 46 was chosen for analysis. 

Detail of the region surrounding the hybridizing 

segment was obtained by digesting the cosmid with Eco RI, 
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Plate 2 

Figure 6. Autoradiograms of nitrocellulose lifts from the 
duplicate plates of positive colonies picked from the 
primary screen of cosmid pool 11. After probing with the 
oligonucleotide at 43°C. the colonies at positions 46 and 
72 were positive on both plates and subsequently picked for 
restriction mapping of the clones. 
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Figure 7. Digestion of the positive cosmid pool 11 clones 
46 and 72 with Eco RI, Barn HI, Hind III and Xba I (tracks 
1-4, 5-8). The autoradiogram shows identical hybridization 
patterns for the two clones indicating that they are the 
same clone. The difference in intensity between the two 
clones is due to the amount of DNA loaded onto the gel and 
the completness of the individual digestion reactions. 
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Hinc II, Hind III, Xba I. Pst I and Barn HI. The Southern 

blots were probed with the oligonucleotide and set up for 

autoradiography. A partial restriction map is shown in 

figure 8. The probe hybridized to a region of 350 bp 

delineated by Hinc II and Pst I. Besides the 4.2 Eco RI 

fragment the probe hybridized within a 5.0 kb Hind III 

fragment and a 14 kb Barn HI fragment. 

Backprobinç of Benomic and Cosmid Pool DNA 

The 4.2 kb Eco RI fragment was subcloned into pUC 8 

(figure 9) and the isolated insert used to probe genomic 

DNA and the cosmid pool library. A Southern blot of human 

genomic DNA from different individuals (placental and PBL 

sources) cut with Eco RI, Hind III and Barn HI was probed 

with the 4.2 kb probe (figure 10). As expected a 4.2 kb Eco 

RI, 5.0 kb Hind III and a 14 kb Barn HI fragment lit up with 

the probe. Across four individuals no difference was noted 

in the Eco RI fragment indicating an absence of a 

restriction fragment length polymorphism (RFLP) within 

these individuals. Extensive searches for RFLP's were not 

undertaken with this probe. 

The Eco RI cut cosmid pools were also screened with 

the 4.2 kb probe. Signals at 4.2 kb were seen in pools 7, 

11 and the lane of human genomic DNA which served as a 

control (figure 11). A second weakly hybridizing genomic 
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RESTRICTION MAP OF COSMID POOL 11 CLONE #46 

BemHI Xbal Eco-RI Pitt Pitt Eco-RI Xbal BamHI 

I I H I III 
Hincli Hindlil Hincil Hindfll 

4 4.2kb 

Figure B. Restriction map of the cosmid pool 11 clone 46, 
surrounding the region hybridizing to the probe. The shaded 
section is the 350 bp region hybridizing to the probe. One 
centimeter is approximately equal to 1.2 kb. 
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Figure 10. A Southern blot of human genomic DNA (10 ug) 
screened with the 4.2 kb Eco RI fragment. Tracks 1-4 are 
genomic DNA from different individuals (both placental and 
PBL sources). Tracks 5 and 6 are genomic DNA cut with Hind 
III and Barn HI respectively. 
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RESTRICTION MAP OF 4.2kb INSERT IN pUC8 
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Figure 9. Restriction map of the 4 
fragment subcloned into pUC B. Sizes 
unless otherwise marked.. The 350 bp 
the probe is also shown. MCS; multiple 

HindU 

.2Eco RI restriction 
are in base pairs 
region delineated by 
cloning site. 
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Figure 11. Southern blots of the twelve cosmid pools (1 ug) 
and genomic DNA (10 ug) cut with Eco RI and probed with the 
4.2 kb Eco RI fragment isolated from cosmid clone 46. Note 
the presence of the strong hybridizing bands 4.2 kb in 
length in cosmid pools 7 and 11 and human genomic DNA. 



53 

signal was also seen that may be represented in pool 7 as 

well. However pool 7 contained a partial digest as larger 

fragments within the pool also hybridized to the probe. 

The hybridizing 350 bp Hinc II/Pst I fragment was 

isolated from the 4.2 kb fragment and subcloned into pUC 

12. 

Isolation of the 350 bp Hincll/Pst I Restriction Fragment 

The 4.2 kb Eco RI subclone when cut with Hinc II and 

Pst I. releases two identical fragments of about 350 bp in 

length. One arises from the hybridizing region and the 

other due to the Hinc II site within the polylinker of pUC 

8.To differentiate between the two fragments a triple 

digest of the 4.2 kb subclone was done using Hind III, Hinc 

II and Pst I. Hind III cut the non-hybridizing Hinc II/Pst 

I fragment in half leaving the hybridizing fragment intact. 

The 350 bp Hinc II/Pst I hybridizing insert was then 

ligated to pUC 12 which had been digested with Pst I and 

Sma I. Sma I was chosen because the Hinc II site was too 

close to the Pst I site within the polylinker. Both Hinc II 

and Sma I leave blunt ended restriction fragments. A map of 

the 350 bp insert within pUC 12 is shown in figure 12. 

Ligation of Sma I site to the Hinc II site destroys 

both sites leaving the next intact restriction site within 

the polylinker as Sst I. The P113 universal primer anneals 
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RESTRICTION MAP OF 350 BASE INSERT IN pUC12 

pUC12 

Universal Primer 

Insert 360 
base pairs 

Reverse primer 

Figure 12. Restriction map of the 350 bp Hinc II/Pst I 
frament subcloned into pUC 12. The location of the M13 
sequencing primers is shown. 
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upstream from the Hind III site and allows sequencing 

through it and the Pet I site. The 1113 reverse primer 

allows sequencing of the opposite strand through the Eco RI 

site. 

Sequence Anal ysis 

The dideoxy chain termination 

(Sanger and Nicklen, 1977) was employed 

bp insert in both directions. Using 

method of Sanger 

to sequence the 350 

the M13 universal 

(figure 13) and reverse (figure 14) primers, approximately 

250-300 bases were read in each direction which allowed for 

confirmation of most of the sequence (figure 15). The known 

sequences of the pUC 12 multiple cloning site when 

sequenced helped in orientation. The sequence shown in 

figure 15 was derived using the 

through the pUC 12 Hind III 

site at the end of the inserted 

universal primer 

and Pst I sites. 

sequence is also 

sequencing 

The Eco RI 

shown. 

No clear cut homology to the probe is seen. However 

if a guanosine residue is deleted from the oligonucleotide 

probe sequence (or conversely inserted into the isolated 

sequence) the probe can be made homologous to a region 

starting at position 286 of the sequence (figure 15). If 

the sequences are aligned such that the missed base is 

accounted for, 20 out 25 bases hybridize to the probe 

(figure 16). 
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Figure 13. A portion of DNA sequencing gel of the 350 bp 
fragment showing the region thought to be hybridizing to 
the probe. The figure is the strand sequenced by the 
universal M13 primer starting at base 160 and running up to 
the Eco RI site of pUC 12. The area highlighted and 
lettered shows the ambiguous region that contains only one 
guanosine residue insted of the expected two. 
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Figure 14. The DNA sequencing gel showing the oppposite 
strand of the 350 bp fragment as sequenced by the reverse 
primer in the direction of Eco RI to Pst I. The area 
lettered again shows the region which hybridizes to the 
oligonucleotide probe and clearly shows the presence of 
only one C. 
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M . 10 
GGACCCCTGG 

70 
CTCTGTTCAA 

130 
SGCTCTTCT6 

190 
TCAAAAGTGA 

250 
GTTAGSAACA 

310 
GAAGTGCTTA 

20 
TCTGTCCATG 

80 
ATCCCGAGGS 

140 
GGTTAGCCTT 

200 
ACA6A3A6TA 

260 
TAAGTGTATG 

320 
GCAGAAGCCT 

30 
TGTGTGTATA 

90 
CCTAATACTG 

150 
CGTATCTCTT 

210 
ATCCCTTTGC 

270 
GGGGCGAGGG 

330 
GCTGGGTATT 

40 
GAAAGTCCTG 

100 
TCCGTGGAGG 

160 
TGGCAATTCC 

220 
AGGTGTGACT 

280 
GGG6GGATTC 

50 
8TBfGTTTGC 

110 
T8CCTTTCTT 

170 
TTTGTTTCCT 

230 
TCTTTGATTT 

290 
CTGATTCCAA 

60 
TBGTGTGTGC 

120 
CCTASGTTAG 

180 
TTGACTATTC 

240 
GAGCCAAAAT 

300 
CACCTCTGAG 

340 -1 -10 
AGAACATCCA GGGTTBGGAA TTCGTAA 

Cj.UC I 1 - -, 

Figure 15.. DNA sequence of the 350 bp Hincll/Pst I insert 
as derived from the universal primer. The area homologous 
to the probe is underlined. The negative numbers indicated 
the start of the plasmid sequence. 
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3, 
350 bp fragment- TCCAACACCTCT GAGGAAGTI3CTT 
IL-2 Probe - ACTCAAACCTCTGGAGGAAGTGCTA 

* * ****** *********** 

Figure 16. Comparison of the region from the isolated 
sequence thought to be hybridizing to the IL-2 
oliganculeotid. probe. The guanosine residue is not present 
within the isolated sequence. 

Comparing the oligonucleotide sequence to both 

strands of the 350 bp sequence reveals no other significant 

homology. The probe is 607. homologous (15/25) to other 

regions within the sequence but this is not significant 

because it is also 60% homologous to regions within the pUC 

plasmids. Under the stringent conditions used the probe was 

found not to hybridize to any plasmid sequences hence the 

only significant homology is that in figure 16. The region 

thought to be hybridizing to the probe was clearly evident 

on both sequencing gels, especially with respect to the 

single gaunosine residue at position 298. 

homology to Interl.ukin-2 and Other Sequences 

When the isolated sequence was compared to the 

published IL-2 sequence the only significant homologous 

region is that which is thought to be hybridizing to the 

probe. Dot matrix analysis using the program of Lagrimini 
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(1983) showed no other significant homology between the 350 

bp sequence and the entire interleukin-2 chromosomal gene. 

The 350 bp sequence was transcribed in the reading 

frame that gave amino acids corresponding to that of IL-2 

for the hybridizing region. If a guanosine residue was 

inserted into the isolated sequence, six amino acids were 

the same as interleukin-2. Other than that no other amino 

acids corresponded between the two sequences. 

In order to detect possible homologies between the 

350 bp sequence and other known DNA sequences or proteins, 

both the Microgenie and the NBRF data banks were searched. 

No significant homolgies were evident from either search. 

Northern Analysi s 

Total cellular RNA, poly(A) and (A), from two human 

lymphoblastoid cell lines (CESS and Jurkat) was probed 

using the oligonucleotide and the 4.2 kb subclone.. 

Approximately 15 ug of total RNA from each cell line was 

gel electrophoresed and 

significant hybridization 

indicating no evidence of 

transfered to nitrocellulose. No 

was detected with either probe, 

a transcription product. 

The presence of nucleic acid on the 

was detected by post hybridization staining 

blue. The 289 and 189 ribosomal RNA 's served 

positive controls. 

nitrocellulose 

with methylene 

as markers and 



61 

The oligonucleotide showed some hybridization with 

the CESS B cell RNA in the region of the ribosomal RNA 's. 

This probably represents background hybridization and is 

not significant. To determine this poly (A)-enriched 

mRNA 's could be isolated and rescreened with the 

oligonucleotide probe. 

Sequencing of the Oligonucl.otid. Probe 

To verify that the IL-2 oligonucleotide probe was 

synthesized correctly, it was sequenced using a 

modification of the Maxam-Gilbert technique. The method 

allowed all 25 bases of the probe to be sequenced on a 

single gel. It was clear from the autoradiogram that the 

sequence that was synthesized was indeed the one that 

corresponded to the exon of 11-2. It was especially clear 

that in the region of contention there was not a guanosine 

residue missing from the synthesized sequence (figure 17). 

This would have explained the aberrant duplex formation. 
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Figure 17. Maxam-Gilbert sequencing 
gel of the synthetic oligonucleotide 
showing clearly that the synthesized 
sequence is correct. 
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Discussion 

When the synthetic oligonucleotide, made to isolate 

the cloned sequence for -IL-2 9 was used to probe human Eco 

Ri cut genomic Southerns multiple bands appeared on the 

autoradiograph. The fragments ranging in size from 3.7 kb 

to 14 kb had consistent, but varying, hybridization 

intensities.. A weakly hybridizing 3.7 kb fragment was 

thought to be the reported IL-2 restriction fragment. The 

strongly hybridizing 4.2 kb fragment as well as the others 

were thought to be genes related to IL-2 since IL-2 is part 

of a large class of molecules called lymphokines. 

A human cosmid library was screened in an attempt to 

isolate some of these possibly related sequences. A 

strong band of 4.2 kb was seen in cosmid pool 11. That pool 

was chosen for colony screening and two identical clones 

containing the 4.2 kb Eco RI fragment were isolated. The 

hybridizing fragment was then subsequently subcloned into a 

plasmid vector and restriction mapped. The probe was found 

to hybridize to a 350 bp region delineated by Hinc II and 

Pst I. This region was subcloned and sequenced in both 

directions. 
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The sequence identified only one possible hybridizing 

segment.. This region was 80% homologous to the probe only 

if a gap of one base was introduced in the middle of the 

genomic sequence.. The hybridizing region was unambiguous in 

both sequencing directions and the experiments were 

repeated to confirm the sequence. 

The possible explanation that there was an error in 

the synthesis of the probe sequence was ruled out by 

Maxam-Gilbert sequencing of the oligonucleotide. The 

results verified that the probe sequence was synthesized 

correctly.. 

A possible explanation for the mismatch between the 

IL-2 probe and the isolated sequence is that the guanosine 

residue bulges out when the duplex is formed. The mismatch 

within the middle of the oligonucleotide would confer 

instability on the duplex. 

From the published literature on oligonucleotide 

hybridization, it was found that mismatches decrease the 

stability of the duplex formation (Lathe, 1985). For an 

oligonucleotide of 25 bases a hybridization and washing 

temperature of 43°C. should select for homolgies of only 

85% or greater (Lathe, 1985). This allows for only four or 

possibly five mismatches. If the guanosine residue does 

loop out, 19 out of the 25 bases would hybridize with each 

other.. The unpaired bases would include five single base 

pair mismatches and one unpaired base bulging out. It might 

be expected that the unpaired base may contribute more 
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instability to the duplex than that of a single base pair 

mismatch. In theory it would seem unlikely that given the 

stringency of the conditions used, the duplex would be 

allowed to form. 

However the recommended stringent wash temperature 

(t) as calculated by Lathe is only an empirical 

approximation. The true value very much depends on 

indivdual circumstances. The destablizing effect of 

mismatched base pairs depends on, among other things, where 

the mismatch occurs, the 6/C content of the probe, and what 

bases are involved in the mismatch. As quoted by Lathe, 

"the determination of stringent wash temperature is given 

as a guideline and is not intended to provide a final 

solution to the most appropriate temperature and salt 

conditions for hybridization". 

As a note for future considerations, the tm for 

oligonucleotide duplex formation can be better approximated 

by hybridization in the presence of tetramethylammonium 

chloride (Wood et al., 1985). This eliminates the 

differential stability between 6/C and A/T base pairs and 

subsequently eliminates the variable of percent 6/C. 

In view of the margin of error of the published 

technique, it is likely that the mispairing of the IL-2 

probe and the 4.2 kb fragment would be allowed to occur . It 

is worth noting that the position of the extraneous base 

within the duplex is an important factor in its .stability. 

There is a matched stretch of 11 residues before and seven 
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residues after the suspect guanosine which would help in 

keeping the oligonucleotide bound. 

The problem of mispairing during oligonucleotide 

hybridizations due to internal residues looping out has 

been observed before (Panabieres et al., 1982). It was 

reported that a 13 mer oligonucleotide designed to 

specifically initiate on a lactic dehydrogenase mRNA also 

primed with high efficiency the synthesis of DNA 

corresponding to the mitochondrial 16S ribosomal RNA.. This 

could only be explained by the bulging out of a single base 

within the oligonucleotide probe bound to the 16S ribosomal 

RNA. 

This explanation, however, still leaves some 

- fundamental questions unanswered. Perhaps the most 

important one is the difference in intensity between the 

3.7 and 4.2 kb bands seen when the oligonucleotide was used 

to probe human genomic blots. If the probe is in fact an 

IL-2 probe, why isn 't the supposed 3.7 kb IL-2 band of 

equal or greater intensity than that of the 4.2 kb band? 

This is especially puzzling considering the mispairing 

found within the hybridizing region of the 4.2 kb band. 

Another inconsistency is the absence of the IL-2 band 

when screening the placentally derived cosmid pools. There 

is the possibility that the IL-Z gene is not represented 

within any of the 12 cosmid pools. Holbrook et al. (1984) 

was unable to isolate the IL-2 gene from a placental 

library using a much larger cDNA probe. Perhaps the IL-2 
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gene within placental DNA does not lend itself to be easily 

cloned. 

Northern analysis of human I cell RNA from the Jurkatt 

a known IL-2 producer, failed to reveal the presence line, 

of an IL-2 transcript when probed with the oliqonucleotide 

probe. This result is not conclusive as the cell cultures 

were not mitagen stimulated before the RNA was isolated. It 

has been shown that IL-2 is only produced in quantitative 

amounts if the cells are first stimulated with a lectin 

such as concanavalin A (Gillis et al., 1978). The level of 

expression of the IL-2 gene in the unstimulated cells may 

have been below the level of sensitivity of the assay. 

The isol ation of genomic clones using oligonucleotides 

This project has brought to light some important 

considerations regarding the isolation of genomic clones 

using oligonucleotide probes. It is evident from the 

results that the probe may not have been long enough and 

the stringency of the conditions high enough to rule out 

incorrect hybrids. Due to the complexity of the human 

genome perhaps a 19 mer, as stated earlier, is not long 

enough to recognize unique sequences. This is especially 

true if a stable duplex is allowed to -form that contains a 

single nucleotide bulging out. 

The problem of picking up unwanted signals can be 

approached in one of two possible ways. First, the 
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oligonucleotide could be used to first screen a cDNA 

library derived from a high IL-2 producing cell line. The 

complexity of a cDNA library is significantly less than 

that of a genomic library and thus so is the chance of 

picking up aberrent clones. The isolated cDNA could then be 

used to screen a genomic library to isolate genomic clones. 

In fact this method was used by Holbrook et al. 

(1984). They synthesized an 18 mer oligonucleotide probe to 

isolate an IL-2 cDNA from a Jurkatt cDNA library. The 

resulting cDNA clone was then used to screen a genomic 

library and they identified three overlapping IL-2 clones 

containing the entire IL-2 gene. 

The other solution is to make the oligonucleotide 

longer and use higher stringency conditions. This method is 

particularily appropriate when a high product producing 

cell line or tissue is not available. Wood et al. (1984) 

used this technique to isolate the human factor VIII gene 

from an X-chromosome enriched genomic library. A 36 mer 

oligonucleotide was used to hybridize against the genomic 

library under high stringency washing conditions of 1 X SSC 

and 46°C. They isolated 15 clones representing eight 

distinct overlapping recombinants. On genomic blot 

hybridization they observed only a single Eco RI or Bam HI 

band. Thus the conditions they used were stringent enough 

to identify only the unique fragments they were interested 

in. 
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Identification of related genes with oligonucl.otid. 

The original hypothesis that the 4.2 kb fragment may 

have been related to the IL-2 sequence has been shown by 

this project to be incorrect. The concept, however, that 

related sequences may have among themselves homologous 

conserved regions is still valid.. It is entirely possible 

that one of the other signals picked up on the 

oligonucleotide probe of the genomic blots may be related 

to IL-2. Admittedly it would be very serendipitous to 

choose a region at random that is conserved between a 

family of molecules. The logical approach would be one of 

the opposite tack. 

If there is evidence that a family of related genes 

existed and that they shared -a conserved region, then it 

would be reasonable to postulate that an oliganucleotide 

could be used to identify other sequences within the 

family. There are many examples of gene families present in 

the literature. They may be functionally or structurally 

related as with the globin genes or come from a common cell 

of origin as is the case with lymphokines. 

There are also examples of gene families which 

fulfill the second criteria of a shared conserved region. 

If protiens are organized into functional domains then it 
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is possible that these functional units are conserved among 

molecules with similar function. A good example exists 

within the genes of the human major histocompatibility 

complex (Das et al., 1982). Sequence analysis shows a close 

relationship between intron-exon organization and putative 

protein domains. This relationship between structural 

organization extends down to the level of the amino acid 

sequence. Other examples of conservation of functional 

domains are present within the globin genes, collagen genes 

and the human clotting factors. 

Closer to the scope of this project, no evidence, 

other than their functional association, has been presented 

to show that IL-2 belongs to a individual family of 

molecules. However work on IL-1 indicates that there is a 

family of interleukin-1 proteins with identical amino acids 

tending to cluster in particular regions (Marx, 1985). So 

within the lymphokine group of molecules there is an 

example of functionally related genes that may also be 

related on the molecular level. In retrospect, perhaps we 

should have initiated the project with an oligonucleotide 

homologous to an IL-1 molecule. 

This project illustrated some of the important 

problems that can be encountered when using 

oligonucleotides as probes. To eliminate the isolation of 

erroneous sequences, hybridization conditions and probe 

length must be carefully considered in relation to the 

complexity of the libraries to be screened. 
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