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ABSTRACT

30S subunits were isolated from Escherichia coli 

ribosomes and purified 16S RNA was subsequently extracted. An 

eight-base DNA oligomer [d(CCCGAAGG)] was hybridized in situ to 

the 1448-1455 region of the 16S rRNA. The cDNA-rRNA hybrid was 

digested with the RNA specific enzyme RNase H. The clipped RNA 

fragments were then separated by polyacrylamide gel 

electrophoresis. The desired RNA band was visualized by UV 

shadowing, eluted from the gel and sequenced to verify the 

specificity of the probe binding. The results suggest that the cDNA 

and rRNA were binding, but proof that it was specific to the 

1448-1455 region is still lacking.
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INTRODUCTION AND LITERATURE REVIEW

The study of genetics is a broad and complex field. Although 

many advances have been made in this discipline, there is still 

more to be known in some of the fundamental areas of interest.

One such area is the role that ribosomes play in protein synthesis 

or translation. Ribosomes, 250 A at the largest diameter, occur in 

both eucaryotic and procaryotic organisms. Bacterial species, such

as the much studied Escherichia coli, contain approximately 10,000

ribosomes. Involved with ribosomes are three types of ribonucleic

acid: messenger RNA, transfer RNA, and ribosomal RNA.

Ribosomes have 60-70% ribosomal RNA as part of their

structure with ribosomal proteins constituting the rest. Each

ribosome is made of two subunits which together constitute a

monosome. The E. coli monosome has a molecular weight of 

2.7 x 10® (Stryer, 1984) and is known as 70S. (The sedimentation 

coefficient of a biological macromolecule is determined by its

sedimentation behavior upon centrifugation which is dependent 

• upon its density, mass, and shape. 1 Svedberg unit (S) = 10"1®sec.)
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The 70S monosome can be broken down into two subunits,

the 50S and the 30S. It has been proposed that the 30S subunit is 

an elongated particle that has a "body" comprising two-thirds and a 

"head" comprising one-third of it, with the regions being separated 

by a "neck" area. Most models, although varying in the degree of 

symmetry as well as finer structural details such as the depth of 

clefts and the shapes of protuberances, agree with this basic 

theoretical design (Lake, 1980; Stoffler and Stoffler-Meilicke, 

1980). The 50S subunit is regarded as an asymmetric trinodal 

particle that couples with the 30S to form the 70S monosome, and 

also appears to be somewhat asymmetric. The 30S lies somewhat

obliquely across the 50S, with a shielded area being formed by the

30S platform that faces the 50S; it is in this area that some of the

ribosomal functions apparently occur (Lake, 1980; Kastner et a!.,

1983).

The bacterial ribosomal subunits are about 70% RNA and 30%

protein. The 50S subunit is comprised of 23S rRNA, 5S rRNA, and

33 different proteins while the 30S is comprised of 16S rRNA and

21 proteins. The 5S has 120 nucleotides (Brownlee et al., 1968),

the 16S has 1542 (Brosius et al., 1978), and the 23S has 2904

(Brosius et al., 1980).
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A homology has been noted among the higher order 

* structures of 16S rRNAs of many species. In certain regions there

are highly conserved sequences such as 322-329, 515-533, 

691-699, 1047-1061, 1390-1407, 1492-1506. The 530 and 1400 

areas all have about 20 conserved nucleotides. In the loop around 

530, the sequence is unchanged throughout the three major 

phylogenetic lines of archaebacteria, eubacteria, and eucaryotes. 

This suggests that the ribosomal RNAs have both a crucial role and 

a common ancestor ( Noller and Woese, 1981; Woese et al., 1983;

Gutell et al., unpublished results).

The structure of 16S RNA has been analyzed by different

techniques, with different results. Small-angle neutron scattering

indicates that the molecule is tightly packed more towards the

interior 30S subunit (Stuhrmann et al., 1978). Both physical

studies in solution and use of the electron microscope have

suggested that the 16S molecule appears to be more asymmetric

and extended in the free state ( Tam et al., 1981; Boublik et al.,

1982). A study using RNase treatment and chemical modification

has shown that the association of the ribosomal proteins (S4, S7,

S8, and S15) leads to an increase in folding and a reduction in the

susceptibility of many of the RNA regions to enzymatic or chemical
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reagents. Overall, this shows that the RNA may be quite unfolded 

* in the free state, but that the assembly proteins restrict the

tertiary structure (McKuskie-Olson and Glitz, 1979; Shatsky et ai,

1979; Luhrman et a!., 1982).

In order to elucidate the tertiary structure of 16S RNA, its 

secondary structure first had to be determined. Various 

researchers have proposed different models for this RNA based on 

techniques such as: maximum predicted thermodynamic stability 

due to base pairing, cleavage using single- or double-strand 

specific nucleases, intramolecular RNA cross-linking, and 

isolation and sequence analysis of double-stranded RNA comparison 

of rRNA sequences with analogous elements in other organisms.

Although there are differences in the models, the following general

features seem to be consistent. About 50% of the nucleotides are

involved in base-pairing, long-range interactions between

nucleotides are common, and there is a principle pattern involving

the second structure that is conserved among organisms even

though there are no extensive homologies (Brimacombe,1984).

The model used in this study for 16S rRNA was that

proposed by Noller (Fig. 1). This model has three major

structural domains and one minor that are subdivided by three
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sets of long-range base-paired interactions. The 5' domain 

(Residues: 26-557) is defined by helix 27-37/547-556; the 

central domain (R: 564-912) by helix 564-570/880-886; the 3' 

major domain (R: 926-1391) and the 3' minor (R: 1392-1542) by 

helix 962-933/1384-1391. Within the domains, the structure is

one of a series of both simple and compound helices that are 

separated by different internal loops and bulges; long, regular 

helices do not exist in this RNA. The junctions of the different 

small helices provide for a variety of irregularities that could 

exist so that the multiple small helices would allow the RNA to 

fold into a more complex three-dimensional structure, like that of 

a globular protein; the long, stable helices could cause 

thermodynamic "traps" preventing the unfolding of the

nonproductive intermediates during assembly.

The region of rRNA analyzed in this study is the loop of

1450, which is in the 3' minor domain and is close to the conserved

1492-1506 region of the molecule.
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Hybridization of the RNA regions by complementary 

deoxyribonucleotides has been found to be an excellent means for 

the elucidation of secondary structure, which in turn helps to 

determine tertiary structure. This method provides information 

about both the structural arrangement and the function of the 

molecule. This can be tested by using oligonucleotides to block 

exposed rRNA segments (Brackendorf et al., 1980; Mankin et al., 

1981; Skripkin et al., 1981) and determining the effects on the

structure and function of the rRNA.
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MATERIALS AND METHODS

Ribosome and Subunit Isolation

The bacterial cells used in this study were opened in a 

process called a crack. This was done according to the methods 

established by Hill et al. (1969). The bacterial strain used was

Escherichia coli (MRE 600) which was deficient in ribonuclease I

(RNase I"). The bacteria obtained had been harvested in the middle

of their logarithmic growth phase which allowed for the most

stable amount of bacteria to be present in the medium.

Cells (100g) were first removed from storage (-70 °C) and

thawed. The cells were then washed in a Waring blender with 200

ml of buffer A (10mM Tris-HCI pH 7.6, 200 mM KCI, 10 mM MgCI2).

The bacterial suspension was placed into a Gifford-Wood mini-mill

and ground for 50 min with 0.3 mm glass beads. The suspension

was kept below 10 °C in a salt water ice bath in order to keep the

ribosomes from being denatured. The ribosomes, now free from the

disrupted bacterial cells, were separated from the cellular debris.

• In the next phase, the lysate of disrupted cells was
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centrifuged at 8,000 rpm for 10 min in a Beckman JA-17 rotor in 

order to salvage the glass beads and remove cellular debris as well 

as unbroken cells. The supernatant was centrifuged at 18,000 rpm

for 1 hr in a Sorvall SS-34 rotor to remove any remaining debris. A 

high speed centrifugation was then required in order to pellet the 

ribosomes, so the supernatant from the previous run was

withdrawn and centrifuged at 50,000 rpm for 3 hr in a Beckman

Ti-30 rotor. The pellets were then resuspended in 100 ml of

buffer A at 4 °C for 3 hr. After repeating both the low speed and

high speed centrifugations, the pellets were resuspended overnight

in 20 ml of 30-50 buffer (10mM Tris-HCI pH 7.4, 100mM KCI, 1.5

mM MgCI2) which was used to dissociate the ribosomes into 30S

and 50S subunits. The subunits, once free from the cells, were

then separated from each other and purified.

Zonal centrifugation as described by Tam and Hill (1981)

was utilized in order to disjoin the ribosomal subunits. One-tenth

volume of 50% w/v sucrose solution in 30-50 buffer was added to

dissociate the subunits. The sucrose solutions for the gradient

were made as follows: 1) pretreat the solutions with 0.1% (v/v)

diethylpyrocarbonate at room temperature overnight to inactivate

9



any ribonucleases present (Ehrenberg et al., 1976), 2) heat the 

treated solutions to 90 °C for 8 hr under vacuum to remove any

residual diethylpyrocarbonate due to the breakdown to ethanol and

carbon dioxide, both of which are easily drawn off by the vacuum, 

and 3) dilute the solutions with 30-50 buffer to obtain both a 43% 

(w/v) and 10% (w/v) sucrose solution. Once the sucrose solutions

are made, they are ready to be used in the gradient pump (Fig. 2).

The 43% (heavy) solution was placed in the movable piston

and forced, at a constant rate, into the stationary chamber which

contained the 10% (light) solution. After mixing, the sucrose was

pumped in increasing concentrations of 10 to 30% into a Beckman

Ti-15 rotor spinning at 2,000 rpm. An overlay was obtained using

200-250 ml of 30-50 buffer. The sample, sucrose gradient, and

200-250 ml of a 50% sucrose cushion were all pumped into the

peripihery of the rotor. By centrifuging at 31,000 rpm at 4 °C for

14-15 hr, the subunits were sedimented into the gradient and

retrieved.

It was necessary to pump the gradient with the migrated

subunits out of the rotor in order to recover the subunits. First,

the rotor was slowed to 3,000 rpm. Water was pumped to the

10
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Fraction Collector

Gradient
Pump

Fig.2 Flow chart for separation of 30S and 50S ri bosomes

A 43% (heavy) solution of sucrose was placed into the movable piston of 
the gradient pump and mixed with the 10% (light) solution until concentrations 
of 10-30% sucrose were obtained. 200-250 ml of 30-50 buffer was used as 
an overlay in the centrifuge rotor. The sample with the ribosomes, the sucrose 
gradient, and 200-250 ml of a 50% sucrose cushion were all pumped into the 
periphery of the rotor. The mixture was centrifuged at 31,000 rpm for 14-15 
hours. To recover the subunits, the rotor was slowed to 3000 rpm. Water was 
pumped to the rotor's center, pushing the sucrose cushion and gradient out.
10-ml fractions were collected and read at 280 nm on a spectrophotometer to 
establish an elution profile of absorbance versus fraction number. The peaks 
containing the 3OS and 5OS ribosomes were separated.

t
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center of the rotor, pushing both the sucrose cushion and the 

gradient out. Ten-ml fractions were collected. Absorbance of the 

fractions was read at 280 nm and an elution profile of the

absorbance versus the fraction number was obtained. The fractions

corresponding to the subunits were then pooled. The subunits were 

centrifuged in a Beckman Ti-70 rotor at 60,000 rpm overnight and 

the pellets were resuspended in 30-50 buffer to a concentration 

between 5-15 mg protein/ml. The subunits were dialyzed against

the same buffer at 4 °C overnight and then separated to small 

aliquots and stored at -70 °C.

The purity of the separated ribosomal subunits was

determined with the use of a Beckman Model E analytical

centrifuge equipped with Schlieren optics. The ribosomal particles

move by centrifugal force through the cell. The concentration of

the particles along the length of the upper tube can be measured at

different times, allowing for the sedimentation velocity

determination. The result is a sedimentation coefficient which

approximates the molecular weight and shape of the particle. The

migration of the particles is recorded on a graph with purity being

determined by the sharpness of the peaks. The 50S subunits come

off first, followed by the 30S.

1 2



Preparation of Ribosomal RNA

The 16S and 23S ribosomal RNAs needed to be extracted

from the 30S and 50S subunits once the subunits were obtained by 

phenol extraction according to Stanley and Bock (1965). First, the 

phenol was equilibrated by combining double distilled water, 1.0 M 

Tris base, and anhydrous phenol in a 1:1:2 ratio. The mixture was

vortexed and centrifuged and the aqueous layer was decanted. To 

this layer, TNE buffer (5 mM EDTA, 10 mM Tris-HCI pH 8.8, 100 mM

NaCI) was added and the mixture was again vortexed and 

centrifuged. This process was repeated until a pH of 7.0 was

maintained in the aqueous phase.

The stored ribosomal subunits (-70 °C) were thawed and

activated as follows: A 10:1 dilution was prepared using 30-50

buffer as the diluent. Next equal volumes of the subunits and 10X

buffer (20 mM MgCI2,10 mM Tris pH 7.4) were combined with more

30-50 buffer. The final reaction mixture was then incubated at 42

°C for 15 min.

After the phenol and ribosomal subunits were prepared, the

RNA was removed through phenol extraction. Equal volumes of

CORETTE LIBRARY 
CARROLL COLLEGE
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equilibrated phenol were added to the subunits, followed by

* vortexing and centrifuging. The RNA containing aqueous layer was 

assiduously decanted and extracted twice. The rRNA was 

precipitated with two volumes of cold 95% ethanol and kept at 

-20 °C for a period of at least 30 min. The sample was pelleted by 

centrifuging at 10,000 rpm for 30 min, then washed with 70% 

ethanol followed by 40 mM NaCI. The pellet was recentrifuged and 

dried under vacuum, then resuspended in 30-50 buffer. The

concentration of the RNA was ascertained by reading the 

absorbance at 260 nm by using E1%260 » 200 (Tam et al., 1981).

Preparation of DNA Oligonucleotides

The complementary deoxyribonucleic acid (cDNA)

oligonucleotides probes used in this study were chemically

synthesized on a Biosearch 8600 automatic synthesizer. This

method utilizes a solid support upon which monomer

oligonucleotide chains are built. A protected monomer is first

attached to the support and then a specific part of the protecting

• group is removed, uncovering a reactive site on the monomer.

14



Another monomer is then coupled to the reactive site with this 

process continuing until the desired oligonucleotide is generated. 

The chain is then cleaved from the column and manually purified. 

Initially, the 3’ hydroxyl group and the amino groups of adenine, 

guanine, and cytosine were protected by blocking agents, such as 

tert-butyl, diphenyl, acetyl, and benzyl groups which were added as 

acid chlorides to avoid any side reactions. These groups were

then removed by washing the column containing the probes with 

concentrated ammonium hydroxide solution and heating at 55 °C 

overnight. The probes were then dried, resuspended in 100 pi of

water and purified by high performance liquid chromatography

(HPLC). The samples were injected onto a reverse phase C-18

column and a linear buffer gradient of 0-70% buffer B (50% buffer

A + 50% HPLC grade acetonitrile) was run through the column at a

flow rate of 1.5 ml/min for 22 min. As the concentration of the

acetonitrile, an organic solvent, increased, the hydrophobic

properties of the probe decreased so that the probe would come off

the column after the hydrophilic impurities had already gone

through. The fractions that contained the DNA peak were collected,

dried, and resuspended in 100 pi of water.

After the first HPLC run, the probes still needed further

15



purification. A dimethoxytrityl (DMT) group had been added by the 

synthesizer in order to protect the 5' hydroxyl group from side 

reactions; this DMT group can be removed by protic acids such as

trichloroacetic acid and dichloracetic acid. The probe was washed

in 80% acetic acid, dried, and resuspended in 100 ml of water. 

Final purification was achieved by a second run through HPLC with 

the probes now being ready for use.

The purified DNA probes were radioactively labelled at the 5'

ends of the oligomers. The RNA was resuspended in 22 ml of 10 mM

Tris pH 8.0. One-half ml of bacterial alkaline phosphatase (BAP)

was added to remove the 5' phosphate groups from the nucleic

acids. The reaction mixture was incubated at 37 °C for 40 min,

then 2.5 ml of 60 mM KPi were added and the mixture allowed to

stand for 5 min in order to tie up the BAP. Next, PKBM

(polynucleotide kinase base mixture) was prepared by combining

water, 10 mM DTT, 50 mM Tris pH 8.0, and 5 mM MgCI2. 0.5 ml of

this was added to the probes, along with 2.5 ml of [32P] ATP, 0.5 ml 

PK and 0.5ml 50 mM spermidine. This was brought up to a final

volume of 50 ml with water and incubated at 37 °C for 40 min,

after which 5 ml of 10% SDS and 5 ml of 2 mM EDTA (ethylene

16



diaminotetraacetic acid) were added. The DNA was purified on an 

ion-exchange NACS PREPAC minicolumn with a 0.5 M NaCI buffer. 

This column has a resin which quantitatively binds the nucleic 

acids under low salt conditions (0.1-0.5 M NaCI) and releases them 

under high salt conditions (0.7-2.0 M NaCI). The fractions were

eluted with 2 M NaCI and the radioactivity of the DNA was counted.

The DNA was concentrated with ethanol and removed. It was then

dried under vacuum and resuspended in 0.5 M NaCI.

Autoradiography of a 19% polyacrylamide gel was measured by

determining the purity of the labelled cDNA probes.

Polyacrylamide Gel Electrophoresis (PAGE)

Different concentrations of acrylamide were used in the

PAGE gels utilized throughout this study. The 19% gel contained

19% (w/v) acrylamide, 1% (w/v) N,N'-methylene-bis-acrylamide

(BIS), 7 M urea, and 10X TBE (89 mM Tris-borate pH 8.3 and 1 mM

EDTA). The gel solution was filtered to remove impurities. To

avoid air bubbles, the filtrate was degassed under vacuum for 5-10

min. 160 ml of a fresh solution of 10% (w/v) ammonium persulfate

17



and 15 ml of 0.6 % (v/v) N^.N’.N'-tetramethylethylenediamine 

(TEMED) were added to commence polymerization. The solution was 

poured into a gel apparatus consisting of two glass plates 

separated by spacer bars. A comb was inserted at the top to create 

wells and the gel was allowed to polymerize for at least 30 min.

The comb was then removed and 20 ml of sample and tracking dye

(10 M urea, 0.02% xylene cyanol, and 0.02% Bromophenol blue) were

loaded into the wells. The gel was run with TBE buffer at 12.5 mA

for up to 3 hr. The gel was removed by separating the plates and

stained using methylene blue stain (0.5% methylene blue, 200 mM

acetic acid, 200 mM sodium acetate) for at least 1 hr. Distilled

water was used for destaining. The desired band remains blue and

can be seen against the lighter background of the gel. The gel can

then be dried and saved. Since methylene blue staining renders the

gel useless for further use, a nonpermanent alternative to staining

is the utilization of UV shadowing to visualize bands. For this, the

gel was removed and placed on a silica plate that contained a

fluorescent indicator. When illuminated with UV light, the desired

band became evident.

Autoradiography is another permanent way of preserving

results. To utilize this method, the gel was removed from the

18



apparatus and wrapped with plastic wrap to prevent desiccation. A 

sheet of Kodak XAR-5 film was pressed against the gel and the two 

were placed into a light-tight cassette and wrapped in dark plastic 

bags to avoid any exposure to light. This was then kept at -70 °C 

for lengths of time that correspond to the amount of radioactive

material loaded. After the right amount of exposure time, the

X-ray film was taken out and developed.

cDNA-rRNA Hybridization

The in situ hybridization of complementary DNA probe to the

ribosomal RNA was accomplished by combining 12 pi of probe

(6000 pmol) with 10 pi of ribosomal subunits (250 pmol). Five pi

of RNase H buffer (40 mM Tris-HCI pH 7.9, 100 mM KCI, 10 mM

MgCI2, 1 mM DTT (dithiothreitol) ) were added and the mixture was

incubated at 37 °C for 1 hr. RNase H is a heteroduplex-specific

enzyme that will cleave the RNA from where it is bound to the DNA,

generating an RNA fragment. The RNA was isolated by phenol

extraction and precipitated with ethanol. After drying, the RNA

fragments were resuspended in the urea tracking dye solution and
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loaded onto a 10% urea gel. It was run at 12.5 mA for 1 hr and the

band was visualized through UV shadowing.

Elution of Nucleic Acids from PAGE Gels

Bands of nucleic acids visualized by UV shadowing were

eluted from the gel by the method of Maxam and Gilbert (1977). A

sharp razor blade was used to excise the area of the gel that

contained the desired band. The gel slice was crushed with a

siliconized glass rod in a plastic pipette tip plugged with

siliconized glass wool. Six-tenths ml of elution buffer (0.5 M

ammonium acetate, 10 mM magnesium acetate, 1 mM EDTA pH 8.0,

0.1% SDS) were stirred into the gel paste. The tip was covered and

incubated for 10 hr and then centrifuged in a siliconized glass tube.

Two-tenths ml of elution buffer were added and the sample was

recentrifuged. The nucleic acid was precipitated with 2.0 ml of

ethanol and the pellet was kept at -70°C for 30 min. After being

redissolved in 0.5 ml of 300 mM sodium acetate, the RNA was

repelleted with 1.5 ml of ethanol then redissolved in distilled
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water and stored at -70°C.

* The glassware utilized in this part of the study was

siliconized before use. A beaker containing 1 ml of

dichlorodimethyl silane was placed in the desiccator along with

the items to be siliconized. The desiccator was then put under

vacuum for 5 min. After release, it was re-evacuated and left for 2

hr. The glassware was then baked for 2 hr at 180°C.

Enzymic RNA Sequencing

The RNA fragments that had been eluted from the PAGE gel

next were labelled at the 5' end in preparation for enzymic

sequencing. Twenty-five pmol of RNA were mixed with 3 ml 10X

ligase buffer (0.5 M HEPES-NaOH pH 7.5, 0.1 M MgCI2 33 mM DTT), 3

ml DMSO (dimethyl sulfoxide), and 3 ml of 33 mM ATP. One hundred 

mCi of [32P] pCp were added and the mixture was dried under 

vacuum. Five ml of tRNA ligase were added and the sample was

mixed and incubated for 6-10 hr at 4 °C. After incubation, the

reaction was terminated with 25 pi of cold 4 M ammonium acetate,

$ 10 pi tRNA (1mg/ml), and 180 ml cold ethanol and then chilled for
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20-30 min at -70°C. The sample was centrifuged for five min and 

the supernatant was discarded into radioactive waste. Fifty pi of 

0.5 M sodium acetate pH 5.5 were added, followed again by 

centrifugation. 150 pi of cold ethanol were added and the mixture 

was again chilled and centrifuged with the supernatant again being 

discarded. Five hundred pi of cold ethanol were added without

mixing and the RNA was centrifuged and resuspended in water.

The RNA fragments, now labelled, were sequenced according

to the method of Donis-Keller et al. (1977). 100,000-500,000 cpm

of the labelled fragments were used for each reaction. A 

single-base ladder was generated using an alkaline hydrolysis

reaction. This allowed each base to be partially hydrolyzed so that

the primary sequence could be seen and used for comparison. The

RNA sample was resuspended in 10 pi of alkaline buffer (50 mM

NaHCO3/Na2CO3 pH 9.0, 1 mM EDTA, 0.25 mg/ml tRNA) and heated

for 7-10 min at 90 °C. After chilling on ice, 10 pi of digestion

buffer (7 M urea, 20 mM sodium citrate pH 5.0, 1 mM EDTA, 0.25

mg/ml tRNA, 0.25% xylene cyanol, 0.25% bromophenol blue) were

added as a tracking dye.

Enzymic digestions were done with ribonucleases T1
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(specific for guanine) and U2 (specific for adenine>>guanine>uracil,

• cytosine). The RNA residues were mixed in 20 pi of digestion

buffer, heated for 5 min at 55 °C and then cooled on ice. One

reaction consisted of 0.5 unit of ribonuclease T1 added to the

reaction mixture while the other reaction consisted of three units

of U2. Both reactions were incubated at 55 °C for 15 min and then

chilled on ice.

A sequencing gel that contained 7 M urea, 20% (w/v) 

acrylamide, 0.67% (w/v) TEMED in TBE buffer was prepared. 

Because of the large size of the gel (33 cm x 41 cm x 0.35 mm), it 

was pre-electrophoresed for 2 hr at 1,600 V so that the gel would 

be evenly heated throughout. The three reaction mixtures were

loaded onto the gel and electrophoresed at 1,600 V for 4.5 hr. The

gel was removed and any bands present were detected by

autoradiography.
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RESULTS

Total separation of the 70S ribosomal monosome into the

30S and 50S subunits was achieved through zonal centrifugation.

The partially purified subunits were extracted from the sucrose 

gradient. This was evidenced by two separate, distinct absorbance 

peaks. (Graph is in possession of the Dept. of Chemistry at the 

University of Montana.) Final purification observed on an analytical 

centrifuge showed true separation of the subunits according to

their sedimentation velocities. The ribosomal RNA was prepared

and the concentration was found to be 22 mg/ml when the

absorbance was read.

The probe synthesized was an 8-base oligomer

[d(CCCGAAGG)] complementary to the 1450 region of the 3' minor

domain of the 16S subunit. Subsequent probe purification was

attained using HPLC (Fig. 3). Autoradiography of the DNA gel

confirmed both probe integrity and labelling (Fig. 4).

The RNase restriction fragment resulting from the

hybridization of the cDNA to the rRNA was evidenced through 

polyacrylamide gel electrophoresis (Fig. 5). A band was detected in
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the gel with a migration distance equivalent to that of a standard 

with the same length as that of the desired fragment.

Once it was certain that the RNA fragment was isolated, it

was labelled at the 5' end. Confirmation of labelling was

accomplished using PAGE. The fragment was still intact as 

evidenced by a single band (Fig. 6). Subsequent enzymic RNA 

sequencing failed to produce the characteristic ladder pattern on

the autoradiograph.
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Fig.3 DNA Oligonucleotide Purification Using HPLC

Final purification of the DNA oligonucleotide probes was acheived 
through HPLC. 100 ul of the probe were injected onto a reverse 
phase C-18 column. A linear buffer gradient of 0-708 buffer B 
(508 buffer A (10 mM Tris-HCI pH 7.6, 200 mM KCI, 10 mM MgCip 
+ 508 HPLC grade acetonitrile) was run through the column at a 
flow rate of 1.5 ml/min for 22 min. Pressure was maintained at 
163-164kPSI. Total integration time was 21.80 min. Peak width 
was 4.00 with a sensitivity of 108. There were five peaks inte
grated with percent areas 0.31,0.26,29.8,67.00, and 2.63 respec
tively. The desired peak came off at 15.00 min. The fractions 
corresponding to this time were collected. The other fractions 
were discarded.
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LANE 1

Fig. 4 DNA Probe Autoradiograph for Confirmation 
of Radioactive Labelling

(A) This autoradiograph shows the presence of a band which 
verifies probe integrity since there is only a single band. 
The strength of labelling is shown through a relatively 
dark band even though the film was only exposed for five 
minutes.

(B) Reconstructed image of (A).
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Lane 1 Lane 2 Lane 3 Lane 4 Lane 5

Fig 5. RNase Restriction Fragment PAGE Gel for 
Confirmation of cDNA-rRNA Hybridization

Lane 1 and Lane 2 show fragments resulting from good hybrid
ization. The distance migrated by the bands is equivalent to that 
of a band of the same size and molecular weight. The faint bands 
seen show that some of the RNA was not clipped properly, but the 
desired band is still very evident.
Lane 3 is marker tRNA.
Lanes 4 and 5 were run at the same time but with different 
concentrations of salt. Lane 4 was run at a lower concentration 
and shows better hybridization. Lane 5 shows degradation of the 
band due to the high concentration of salt.

•
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(A)

Fig.6 RNA Fragment Autoradiograph for Confirmation of 
Radioactive Labelling

(A) Lane 1 is labelled tRNA which was used as a marker. 
Some degredation is present as evidenced by two bands in 
the same lane. Lane 2 has the labelled RNA restriction frag
ment. A single, complete band verifies that the RNA is still 
intact and well labelled.

MtM,
(B) Reconstructed image of (A).
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CONCLUSIONS AND DISCUSSION

The intent of this study was to isolate a good fragment from

the 1448-1455 region of E. coli 16S rRNA that would be usable for

sequencing. A whole, well labelled fragment can be used to obtain 

a sequence. Occasionally, a ladder can be obtained relatively early, 

depending on the fragment itself, but it may require several months

to obtain a good precise sequence.

Several problems throughout this research were minor

setbacks. A crack was done on older cultures of E. coli and the

resulting subunits were separated and purified. Several attempts

were made to obtain a fragment, but it was not achieved. The older

cultures proved unsuitable whereas a later crack run with new

bacteria turned out well.

The first probe synthesized was a hexamer oligonucleotide.

At the step where the blocking groups are removed by ammonium

hydroxide, the column managed to take up water. When purified 

through HPLC, the probe was still there as evidenced by a peak on 

the graph. A second hexamer was synthesized and purified. When

the probe was bound to the rRNA, clean fragments were not being
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obtained. This was probably due to the fact that the hexamer was 

* not able to bind around the sharp loop sufficiently. When an

octomer was made instead of the hexamer, the fragment was

attainable.

The first fragments generated were not showing on the gel in 

one piece. Apparently the salt concentration was too high. After 

several runs were attempted with less salt, good fragments were

finally obtained on the gel.

Good fragments from the binding of cDNA to rRNA were

obtained. This is the first step in the study of E.coli ribosomes.

Next a sequence must be determined. Obtaining the RNA fragment

proved that the binding was accomplished, but without the 

sequence, proof that it bound specifically to the site is still

lacking.

Once a probe has been proven to bind to a specific site on the

molecule, the probe can then be used further in studies on the

ribosome. For instance, a probe can be hybridized to the RNA and

then it can be seen if the mRNA is still binding tRNA. If the tRNA

could not bind, it might show that the particular site worked on

might have an interactive effect that is necessary before binding

can occur. This is important for my study since the 1448-1455
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region is a loop that is probably free to interact within the 

molecule. In all of the models of the secondary structure of 16S

rRNA, this region is always pictured as a loop, but one that varies

in size and strength of binding.

These structural studies, of which the current study was a 

part, will lead to the identification of tertiary structure. The 

biological role of ribosomal RNA might then be understood much 

better with a description of the three-dimensional structure of the 

associated proteins and ribosomal RNA. There is still much more to

be known about the role that ribosomes play in translation.

Evidence from biochemical studies, such as mine, and

genetical studies will be able to converge in the identification of

the functional sites in ribosomal ribonucleic acid. When these

sites are identified, it will open the doors to many areas of

scientific interest. Once the E. coli functional sites are

understood, perhaps the human ribosomal sites can also be 

explored and identified, making comparisons between species 

possible. It will be possible that "phylogenetic comparison can 

bring evolutionary perspective to bear not only on the questions of

evolution per se, but on the actual details of the structure and

mechanism of this ancient machine" (Noller, 1984) .
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