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oy IS
INTRODUCTION

Nucleic acids have a particular significance in
biology. Leoxyribonucleic acid (DNA) is considered to be
the sole bearer of heredity, through evidence which has comé
mainly from the study of transformation, transduction,
bacterial conjugation and protein metabolis%. On the DNA
template are transcribed, messenger ribonucleic acid (mBHA),
ribosomgl ribonucleic acid (rHNA)z and transfer ribonucleic
acid (tRNA)? that have base composition complementary to thé
specific stretches of DNA., Ribosomal RNA binds with specific
proteins to constitute rihosome particleg. The mRNA and tRNA
interact with ribosomes to form polvribosomes where transla-
tion occurs; that is, the message inscribed in the nucleotide
sequences in form of triplet condons are decoded in the form
of an assemblapge of amino acids into a particular protein
with specific amino acid sequences. There are many species
of tRNA, one or more for each of the twenty amino acids
present in proteins. Each tRHA is coupled to its specifiec
amino acid by a specific tRNA synthetase, Transfer RNA
serves an adaptop between the mRNA and growing nascent
polypeptide chain, In RMA viruses the pgenetic RNA acts
also as mRNA, '

A base change in the DNA molecule causes a change in
the RNA molecule transcribed on that particular stretch of
DNA, and in turn will slter the structure of protsin or
impairs the physiological function of the organism, Some
stretches of DliA are not transcribed, but these are recog-
nized by specific protein molecules and thus regulate the
transcription of other stretches of DNA, 8The promotor part
of the cistron, where RA polymerase bhinds, and also
operator genes of the galactose operon and coliphage and
h3h10where specific repressors bind, are the known examples
of such stretches of DA,
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The nucleotide sequences of DNA and RNA molecules
will help to understand the process of transcription and
translation and subsequently lay the rational hasis of
gerietic engineering, Holley was the first tolgemonstrate
the nucleotide sequences of veast alanine tRNA, that paved
the way for discussing interaction between nucleic acid
molecules and proteins. Since then much progress has been
made and many more RNA molecules have been sequencég. A
particular rapid technigue, requiring small amount of RNA,
where 32? radioisotope is used to prepare highly radioactive
RNA has been devised by Sanger and associates, With this
new technique many workers are pursuing to sequence the to& 1
nﬁgleo&éde cggposition of genetic RNA of bacteriophage: MS2, -
f2, R17, QP . However the determination of nucleotide
sequences of genetic RNA in animal viruses, resnonsible for
tumor formation or polio needs attention., The elucidation
of nucleotide secuences in animal viruses may eventually
help in understanding several aspects about infection,
development of viral genome and tumor formation in the host
tissue at molecular genetic level,

Specific ribonucleases are used to break down the
ribonucleic acid into oligonucleotides. ‘One such ribonuclease
Tys from Takadiastase, is utilized in the determination of
nucleotide sequences of ribonucleic acids. A Tl-like 1
ribonuclease has been isolated from Agpergillug fumigatusg
in Dr. Glitz's laboratory. It may be logical to compare the
amino acid sequences in the two ribonucleases from different
sources. Such studies on the structure of ribonucleases are
required to reveal the mechanism of action of ribonucleases
on ribonucleic acid.

Originally a tentative programme of research, discussed
in the first renort of September-October, 1970, was outlined.
1) Installation of high voltage electrophoresis apparatus for
nucleotides fractionation: A two-dimensional procedure for
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fractionating ribonucl ease digest of 32P labelled RMA is

well known., The procedure requires the use of electronhoresis
on cellulose acetate strip in the first dimension and on DEAE
cellulose paper in the second dimension., The electronhoresis

tank and high voltage power sunnly could be purchased
mpmelles L onceive 3% » -
« Highly radioactive ““P labelled RNA of E.coli

Al7 or phage £2, which may be readily prepared, could be used
to test the working of the apparatus and also it can be used
to learn nucleotide fractionation methods. The position of

different nucleotides on the two-dimensional fingerprints
could be compared to those reported by Sanger and his associ-
ates. 2) Nucleotides sequences of avian myeloblastosis virus
ribonucleic acid: Avian myeloblastosis virus ribonucleic acid
(AMV RNA) may be prepared in labelled radioactive form. The
radioactive AMV RNA may be digested with specific ribonucle-ases,
fragments separated on acrvlamide gel hy electrophoresis, and
studied for nucleotides seouences., 3) Some structural aspects
of ribonucleases: Ribonuclease T1 from Takadiastase and
ribonuclease F from Aspergillusg fumigstus, though obtained
from different sources, show similar specificity of action
towards RNA in splitting of bonds involving guanosine residues.
It could be interesting to probe the structure of two
ribonucleases by succinylati%n, using 1l’C succinic anhydride.
Some studies on these enzymes could also be made to the
techniques used in determination of amino acid sequences.

Previously it had been established that AMV RNA
congsists of a fast sedimenting 655 RNA component and a slow
sedimenting 43S RNAs component, and slso, it is considered
that 658 RNA6has a hggogeneous structure with molecular
weight 12x10~ daltons. Experiments, in our hand, showed that
it was difficult to prepare -°P labelled AMV RNA, with high
specific radioactivity, suitable to study nucleotides seouences
in AMV RNA in detail by the methods described by Sanger and
associates, Diagonal electrophoresis of 3% lahelled AMV RNA.
hydrolysate, obtained by ribonuclease T1 digestion, indicated
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that 655 RNA may be composed of subunits, which aggregate to
form 653 RNA., An aggregate structure for 655 RNA, during the
progress of this w rk, was also reported from other 'lahoratories,
and it was maintained that 653 RNA is made of subunit RHA
species held together by hvdrogen bonds and can be disassociated
by heat treatment into 35S subunits. Since it was not practic-
able to separate the constituent 35S subunits of 6§S AMV RNA,
therefore, it hecame impossible to study AMV RNA nucleotides
sequences in detail, Ir view of lack of research funds
available, and also short stay of the author in U.S.A., the
study programme on structural aspects of ribonucleases was
dropped. However, the studies »n the nucleotide sequences

were extended to the structure of ribosomal RNA of leukemic
mveloblasts from infected chicken, -

In this work the nucleic acid of avian mveloblastosis
virus has been characterized. Chromatogranhic analysis of
nucleosides formed upon alkaline hydrolysis of 3 MV RVA
indicated, after making correction for non-eouivalent
incorporation of precursors, the 3*-terminal nucleoside of
AMV RNA is adenosine. Alkaline hvdrolvsate of myeloblast
ribosomal 18S RNA showed adenosine as the 31terminal nucleo-
side. The 3-terminal nucleoside of ribosomal 283 RNA is
primarily uridine, Fractionation of 3P labelled 185 RNA,
digested wvith RNase Tl’ by diagonal electrophoresis gave a i
3-terminal fragment indicating the sequence-GpCp(2ApUp,2Cp,2Up)Agy.
The 5-terminal major nucleoside diphosphate in alkaline
hydrolysate of 3% 18S RNA was pCp. Alkaline hydrolysates
of ribosomal 28S RNA contained SCterminal pGp nucleoside
diphosphate., Diagonal electrophoresis analysis of 28S REA
digest of pancreatic Rlase A gave the jlterminal sequence

-PypApGpGpUOH.




INSTALLATION OF HIGH VOLTAGYL IOQMOPHORESIS
APPARATUS FOR NUCLEOTIDES FRACTIONATION

A two-dimensional fractionstion procedure for
radioactive nucleotides has been described by Sanger and
cowor&g}%g High voltage ionophoresis is used for hoth
dimensions. In the first dimension a snall amount of
ribonuclease digest of highly radioactive 3% labelled RMA is
applied on cellulose acetate strip and electronhoresed at pH
3.5 in a specially constructed electrophoresis tube. This
tube was made of plexiglas, instead of glass tuhe, described
by Sanger and Brownlgé. The second dimension electrophoresis
was carried on DZAE cellulose paper at an acid pH. High
voltage supply Model HV-5000 A and electrophoresis tank Model
LT 48 A tank, were purchased from Savant Instruments, Inc. 221
Park hAve./Hicksville. The 3_terminal oligonucleotides can be
isolated by two-dimensional diagonal electrophoresis. Highly
radioactive %P labelled Escherichia coli RNA and %P labelled
phage £2 BNA have been used to test the working of electrophore-

sis apparatus. The results were compared with those published
in literature. |

Isolation of %P labelled Escherichia coli RNA

The cell of E. coli Al9 were grown in low phosphate
mediun of Garen and Levinthaf? 8x1072 M NaCl, 2x10~0 M
FeCl,.6H,0, 2x107% M KC1, 1.2x1071 M tris HCL (pH 7.5),
2x10° 4 NH,CL, 1x107> M HgCl,.6H.0, 1.4x10™% M sodium
p-glycerophosphate, 4H,0, 2x10™% M CaCl,, 5x107* M Ma, 50, ;
0.04% Bacto-peptone (Difco), containing methionine 20 pg/ml,
0.2% casamino acids (vitamin free) and 0.2% glucose which
were autoclaved separately. The sterilization was at 15 1b
for 10 min, The cells were harvested when 0.D, 0,22 at 540 mu
reached. The cells grew with doubling time of 74 min withonut
casamino acids. The doubling time with cassmino acid was
37 min., For labelling the cells were grown at 37°C in 100 ml
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medium from an overnight culture slant without casamino acids.
The medium was shaken in 500 ml Erlenmeyer flask with side
tube on a gyrotory water bath incubator. Immediately after
inoculation, carrier free >2P at the 100 pCi/ml was added.

The cells were harvested after 4 or 5 hr growth at 0.D. 0.22,
The cells were centrifuged on Sorvall RC2-B, washed with 0.01
M tris (pH 7.4), 0.001 M HgCl,, and kept frozen. To the frozen
cells 1.8 ml of 0.01 M tris (pk 7.4), 0.001 If MgCl,, and 0.5%
sodium dodecyl sulphate and 0.2 ml of bentonite (3 mg) in

0.01 M sodium acetate, pli 6.0 were added. (Bentonite, 2 g, was
taken into 40 ml of water centrifuged at 3,000 x g for 20 min
the supernatant centrifuged at 10,000 x g for 20 min and then
the pellet was resuspended and held at room temperature with
constant stirring in 0.1 M EDTA, pH 7.0, for two davs and
sedimented at 10,000 x g, The centrifugation repeated once
more from 0,01 M sodium acetate, pH 6.0, and then taken into
the medium at concentration of 2-6% determined bv dry weight)
The cells were shaken with an equal vol of water saturated
phenol for 30 min and the aqueous laver recovered and treated
once again with phenol. To the aqueous layer was added O.1
vol of 2 M sodium acetate, pH 5.5, and.the nucleic acids
precipitated with 2 vol of 95% ethanol. The precipitate washed
with cold 70% ethanol and freeze dried, and dissolved in water
and kept frozen. Fractionation of RNA was carried out on
polyacrylarmide agarose composite gel hy the method of Peacock
and Dingmaf, using s vertical gel electrophoresis apparatus.
The gel was prepared by mixing (a) 800 mg agarose in 113 ml

of water refluxed for 15 min with magnetic stirring and conled

to 45°C, (b) 3.2 g cyanogum 41 in 16 ml buffer; tris (108 2),
disodium EDTA (9.3 gy, boric acid (55 g) in 1,000 ml, pH 8.3,

and warmed to 45°C, (c) 5 ml TEMED (lI,N,N* N'-tetramethylethyle-
nediamine) solution, 0,067 ml1 TBMED/5 ml water and (d) 80 mg
ammonium persulphate in 5 ml water., First agarose and

cyanogum 41 were mixed and then TEMED and ammonium persulphate
were added respectively. The mixture was poured into the
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apparatus gel cell and a sample well former introduced. After
1 hr gelation the well former taken out under buffer and RNA
sample anpplied in a drop of 20% sugar and bromophenol hlue
indicator. The running buffer was diluted 1410 and circulated
during electrophoresis. Also cold water was circulated around
the gel cell and the electronhoresis was carried out at ,9C in
a cold‘room. The current was passed at 200 V and after 2 hr
b géi was removed. The gel was fixed in 1 M acetic acid

for 15 min and then stained with methvlene blue (0.2 g
methvlene blue /100 ml O.4 M sodium acetate, pH 4.5). The
stain was differentiated by washing overnight in 0.01 M acetic
acid. The gel was wrapped in Saran wrap and placed on a X-ray
film Kodsk Blue Brand (BB-54) for radiocautography in the dark
for 10-15 min and the film developed. The 5S RNA hand from
the gel was cut out by the help of radioautogranhy, and it was
broken into small pieces and placed into a cylindrical tube
(10 x 1 em) having one end covered with DSAE cellulose paper.
The gel was subjected to electrophoresis between two reservoirs
containing 0.04 M tris acetate, pH 8.,3. The 5S RNA migrated
out of the gel and trapped on the DEAE cellulose psper. It
was eluted by 30% triethylamine bicarbonate, pH 9.7, from the
DEAE cellulose paper and dried. The residue is dissolved in
water which is evaporated repeatedly to remove the triethylamine
bicarbonate,

Isolation of %P labelled phage f2 RNA,

E. coli ATCC 15766 was grown overnight in the medium
containing tryptone, 10 g; NaCl, 8 g; yeast extract, 1 g; and
water to 1,000 ml, and 1 g of glucose, 0.29 g calcium chloride
(anhydrous), 10 mg of thiamine added separately. Overnight
growth of 1 ml culture is added in 150 ml fresh culture medium
and the 500 ml =2rlenmeyer flask incubated at 37°G on a gyrotory
water bath incubator., When the grewth reached to 0.,D, 0.22 at
mp 548, one ml of lysate or about 5 x 109 purified phage
partiéles are added in the flask, immediately after phage
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infection carrier free 3% at 100 pCi/ml medium is added and
the incubation is continued for 1-3 hr. To the lysate was
added 42 g of solid ammonium sulphate slowly with stirring.
The stirring is continued at least 1 hr or overnight. The
precipitate is collected by centrifugation at 10,000 x g for
45 min. The pellet is resuspended in 4 ml of N7T3Z buffer

(0.1 M HaCl, 0.05 M tris HCl, pH 7.6, 0,01 M EDTA). The
suspension is shaken with 0.6 vol of 1,1,2-trichlorotrifluoro-
ethane and centrifuged at 10,000 x g for 15 min and the aqueous
layer is removed. The interface is shaken with small volume
of NTE buffer and t he augeous lavers combineds To the aoueous
layer is added CsCl, at 0.5 gm/ml and centrifuged in Beckman
65 rotor at 50,000 rpm for 18 hr. The virus band is recovered
and dialyzed against NTE to remove the CsClz. The purified
phage is shaken with an equal volume of water saturated phenol
and the RNA from the aqueous layer is precipitated with 2 vol
of ethanol. The precipitate is washed with 70% ethanol. The
RNA is further purified, if desired, by passing through a
Sephadex G-50 (fine) column (1,2 x 18 cm) equilibrated with
water,

Enzymic digestion of 32? labelled RNA and the fractionation
of oligonucleotides by two-dimensional ionophoresis,

| digest of 32p 1abelled 53 RNA of

E. coli fractionated by two dimensional methods of Sarger
and associates. The RNA was dissolved in 0,02 M tris HC1,

pH 7.4, containing 0,002 M EDTA (neutralized). The substrate
to enzyme ratio was 20:1, About 5-10 pg RNA dissolved in

10 1 of enzyme solution. The incubation was carried out at
37°C for 30 min, The digest was applied to cellulose acetate
strip ( 3 x 60 cm) and subjected to ionophoresis in a pH 3,5
buffer system, 0,5% pyridine-5% acetic acid (v/v) containing
0,001 M EDTA, at 3,000 V for 2 hr. The oligonucleotides
transferred from the cellulose acetate strip to DEAE cellulose
paper as it has been described. Ionophoresis in the second

Ribonuclease T




dimension on DEAE cellulose paper (46 x 85 cm) was in 7% formic
acid and at 800 V.

32'P labelled phage £2 RNA digested with 'l’,'1 ribonuclease,
and the §-terminal oliﬁgnucleotides isolated hy two dimensional
diogonal electrophoresis. The phage RNA (5-30 pg) was digested
at 37°C for 30 min in 10 pl of 0.1 M FaCl, 0.01 M tris HCL, pH
7.2, 0.05 I1 ZDTA with Tl ribonuclease. ( A solution of the
enzyme, 1 mg/1 ml, in 0.01 M tris, pH 7.2, 0.02 M EDTA
neutralized; was acidified by the addition of 0.05 vol of I HCl
and incubated for 10 min at 22°C; then it was neutralized by
the addition of 0.1 vol of 1 M tris, pH 7.2, plus 0.05 vol of
IN NaOH)., The substrate to enzvme ratio was 20:1. The digest
was applied to a DEAE cellulose paver, Whatman DE 81, and
subjected to ionophoresis in 7% formic acid at 800 V for 14 hr.
The position of oligonucleotides were located by radioautography
and this strip was cut out., The paper strip was placed on to a
curved glass surface and held there with cellophane tape and
alkaline phosphatase (BAP-F) from “Jorthington Biochemicals, Ine.
dissolved in 0.5 M (HHL) HCOB, 0.025 M MgSoh, 0.001 M ZnSOh at
concentration of 20 units/ml, was applied to the strip. About
1 ml of the enzyme solution on a 1 x 30 hm strip of paper was
enough to dephosphorvlate the nuclectides. The naper strip
was placed inside the chromatographic tank, which had water at

the bottom to keep the astmosphere humid, and incubated for

3-4 hr at 37°C. After dephosnhorvlation of oligonuclentides
the paper strip was washed to remove salts by gentle streaming
of distilled water, dried and sewn onto a DEAE cellulose paper
(48 x 85 cm) and the ionophoresis was performed at 800 V, in
second dimension, for 14 hr. In radiosutogranh the jlterminal
end remained unaffected by alkaline phosnhatase action,
appeared at the diagonal.
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Radiocautography

Radioautographs were made on Kodak Plue Brand (BB-54)
X-ray filmn. The ionophoretogram was nlaced against the X-ray
film in a standard X-ray cassette lined with lead sheets,
hfter 1 to 3 days or two weeks, depending upon specific
radioactivity of RUVA, the X-ray filn is developed to observe
nucleotide fingerprints.

Results and discussion.

The two-dimensional ionophoresis of %P Labelled
B.c0li 55 A digest of ribonuclease T, resolved into many spots,
Fig. 1. h ribonuclease T, dipest of 33 ) belled £2 RUA was
subjected to ionophoresis on DEAE cellulose maper. The oligo-
nucleotides were then treated with alkaline phosphatase and
run at right angle to the first dimension. The therminal
oligonucleotide appeared on the digonal, Fig.2., The
fingerprints on radioautograms were similar to the results
published by Sanger and coworkers. These experiments helped
to learn the techniques of ionophoresis and slso it hecame
possible to use the ionophoresis apnaratus with confidence.
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Fig. 1. A two dimensional fractionation of a ribonuclease 'I'1
digest of 535 RNA of Escherichia coli (After ref. 22),
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Fig. 2. Phosphatase diagoral of a ribonuclease T
of £2 MA (After ref. 25).

1 digest




CHARACTERLZATION OF AVIAV MYALORPLASTOSIS
VIi!s RIBONUCLEIC ACLD AND ITENTIFICATION
OF 3-TERINMAL NUCLZ0SIDE

Avign mveloblastosis virus is rerorted to contain
ribonncleic acid. The purified RHA from avian mveloblastosis
virus is shown to have two components; a fast sedimenting 65S
RNA component and a slow sedimenting 4S RliAs comnhonent. It is
considered that 655 RKNA has azhomogeneous structure of molecular,
weight 10--126 daltons. Erikson reported that 655 RNIA when
heated atove 70°C, it dissociates to 355 RMA cormponent(s) which
is the only detectable break down product in certain experiments.
Some studies, made by Duesberg and Vogt, suggested an aggregate
structure for 655 RNA thot dissociates with heat or dimethyl
sulfoxide treatment intc several major subunits of 35S RMNA and
variable amount of sggller heterogeneous pieces, Recently,
Brikson and associstes claimed that 658 RNA dissociates to
release mainly 358 RNA form and a smsll homogeneous 4S5 RMA
species; and it is denonstrated that AMV RNA contains almost
exclusively smrunphosphoryvlated residue of uridine at the

‘ [ 3
j-terminus.

This study shows that subunits, smaller than 355,
released upon heat dissociation from 653 RlIA; arise to 3
greater extent depending on stav of virus in culture,
presumably through nuclease degradation of AMV-RNA, Chromato--
graphic analyvsis of nucleosides formed upon slkaline hydrolvsis
of 3H AMV RNA indicated, after correction for non-equivalent
incorporation of precursors, that the major 3£terminal
nucleoside of AMV RMNA is adenosine,

Growth of avian myeloblastosis virus

The Al strain A of avian myeloblastosis virus, L group
was used. The leukemic chickens (white leghorns Kimber Farm
K-137) were identified by use of peripheral blood smears.

The birds, at 10-15 day of age, were bled using a heparin
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treated svringe bv cardiac puncture, The blood was centrifuged
at low speed in a clinical centrifuge. The upper plasma laver
rich in virus was saved tc inoculate newly hatched chickens
which were injected intra-neritoneally. The niddle laver of
myeloblasts was collected and resuspended at 2-3 x 107
myeloblasts per ml of medium (Appendix 1). The bottom laver
of red hlood cells was discarded.

The mveloklasts suspension, 10 ml portions, was noured
in 100 mm plastic tissue cultwre dish, incubated at 38°C in
hurmidified atriosphere constantly flushed by COQ-EBr mixture
to keep pH around 7.4, Rohinson and lalucdeg (1965). The cells
were harvested at 2-3 hr interval bv centrifugation and
resuspended into fresh medium; the virus rich supernatant
saved over pice. The virus was harvested, three times; and
the three supernatant fractions cormbined, total volume 2000 nml,
to recover the virus particles,

For preparatigg of 32P labelled viral RNA, mveloblasts
were cultured in medium deprived of HaHZPOA’HZO that contained
H332P0h’ (carr%gr free) at 100 pCi/ml of nedium. To label viral
RNA with tritium, mveloblasts were cultured in nedium; deprived
of adenosine; sunplemented with a combination of tritiated
uridine (36mCi/ml, specific activity 36 Ci/mmole), cvtidine and
adenosine (25 pnCi/ml, specific activity 25 Ci/mmole); in spinner
culture flasks, Additional quantities of NaiiCO5 are added in
the medium to keep pH around 7.4. The first virus harvest,
prelabelled virus collected after O hr growth, sas discarded.
Then the medium was changed at 2-3 hr intervals and the virus
supernatant combined total volurc about 800 ml, and virus
purification started immediately,

Purification of virus

The virus rich supernatant ~earified of cell debris, hy
centrifugation in Sorvall G3A rotor at 8,5000 rpm for 30 nmin,
and 1 M tris HC) buffer, pH 8,5, is add:d at 1.25 ml/100 ml of

wi
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the supernatant. The virus is concentrated by precipitation
with ammonium sulphate at 35.3 g/100 ml of the combined

supernatant and tris buffer. Ammonium sulphate was added
slowly and the mixture was stirred for 45 min, ovar ice. The
precipitated virus collected by centrifugation in Sorvall GSA
rotor at 8,500 rpm for 30 min, and the precipitate is resusrended
in TE buffer (0.01 H tris, pH 7.4, 0.001 Il EDTA), total volume
140 ml, and spun at 8,500 rpm for 10 min to clear dehris and
bubbles. Then the virus susnension lavered on ton of sucrose
cushion 3 ml 65% sucrose in D0 at bottom and 6 ml 20% sucrose
in NTE buffer (0.1 M KaCl, 0.01 M tris, pH 7.4, 0.001 M EDTA)
on top, and spun in Beckman SW 25.2 rotor at 24,000 rpn for

1 hr. The viral band was collected on ton of heavv sucrose
and diluted, 1 ml to 4.5 nl with ETE buffer, and subjected to
15-20% sucrose density gradient, 6 ml 15% sucrose in ITE and

6 ml 60% sucrose in NTE; in lL.eckman SW 25.3 rotor at 24,000
rpm for 4L hr, with brakes off., The viral bands were collected

. .. . . 0
into tubes in ice. All the operations are carried out at 5°C
or over ice. '

The hot virus, precinitsated with ammonium sulphate, is
resuspended in TE buffer, totsl volume 36 ml, and spun 2t 3,500
rpm for 10 min to clear debris and bubbles, The virus susnension
was lavered on sucrose cushion, 1 ml of 65% sucrose in D0 and
3 ml of 20% sucrose in NTZ buffer, spmn at 24,000 rom in a
Beckman SW 25.3 rotor for 1 hr, The viral band collected on
top of heavy sucrose, 1 ml virus diluted with N7TE buffer to
4.5 ml, and purified further by isopvcnic handing in 15-20%
sucrose linear density gradient, and centrifugation was done

in Beckman SW 65 rotor at 64,000 rpm for 1% hr, The purified
viral band was collectcd.

Isolation of viral RNA

The virus particles were diluted with NTE buffer and
then both sodium dodecyl sulphate (SDS) and f—mercaptoethanol
added to 1% concentration., The solution was extracted three

T
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times, with equal volwre of buffer saturatoed phenol (Apnendix IX).
The RNA was precipitated fron aqueous l-ver by addition of 0.1
vol of 2 M sodium acetate, pH 5.5; and 2 vol of ethanol and
allowed to stand overnirht at -20%C and collzctead kv centrifuga-
tion in Beckman SUW 25.1 roter at 24,000 rom for 1 hr.

Gel e¢lectrophoresis of HNA was performed on .-aggmmgg-
agarose composite gel, Peacock and Dingman (1968) Agarose,
800 mg, in 113 ml of water was refluxed for 15 min and cnoled
to 45°C. Cyanogum 41, 3.2 gm was dissolved in 16 ml of X10
buffer (tris, 108 gm; disodium salt of EDTA, 9.3 gm; Yoric
acid, 55 gm, pH 8.3) and heated to ASOC. Ammoniun persulnhate,
50 gm, freshly dissolved in 5 ml water is added to agarose
solution and 0.075 ml of T@sD (KE,N, Hl, Nl tetramethylethylene-
diamine) is added to cvanogum solution. The agarose and
cyanogum solutions were mixed quickly and thoroughly and then
allowed to gel for 1 hr. Arter electrophoresis the H'A is
stained with methvlene blue. '

Gel electrophor:sis

U4
Isolation of 3-terminalroligonucleotide

The therninal oligonucleotide can be isolated by
two-dimensional diagonal electrophoresis on DEAE cellulose
paper with phosphomonoesterase treatment hetween electronhoresis
steps. Lenhosphorylation of oligonucleotides at Slend permits
a rapid migration of these components in the seconcd dimension,
and therminal oligonucleotide never carried a terminal phosph-
omonoester, and so it is not affected hy enzvme and moves
identically in both dimensions and is found on the diagonal
of electrophoretogram, 3% )abelled AMV RNMA, 20-30pg AMNA
specific activity 5-6 x 10h cpm/pg A was digested in 20pl of
0.1 M NsCl, 0.5 M EDTA and 0.01 M tris HCl, pH 7.2, at 37°C
for 30 min with ribonuclease Tl’ substrate to enzvme ratio,
20:1. A solution of T, enzynme, img/ml ir 0,01 M tris HCl,

PH 7.2, 04,02 M EDTA was acifified by the addition of 0.05 vol
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of M HCl and incubated for 10 min at 2200, to inactivate any
ccntamineting phosphatase, if present, and the solution was

then neutraliz:d by addition of 0.1 vol of 1 M tris HCl, pii

7.2, plus 0,05 vol of 1 N NgOH. The digest was annlied to as

a spot on 15 x 85 cm strip of DEAE cellulose paper and
ionophoresed in 7% formic acid ot 800 V for 14 hr. The nosition
of oligonucleotides traced by radioautography and a strin of
paper about 2 cn wide cut out., The strip of paper was placed

on a glass rack and alkaline phosphatase solution, freshly
prepared in 0.5 [i (NHL) HCOB, 0.025 M MgSOh, 0.001 M ZnSOA, at

a concentration of 20 units/ml, was applied to it, 2 nl of
phosphatase solution was reguired for 2 x 30 cm strin of

paper, and incuhated at 3700 in humidified atmosphere. After
dephosphorylation, the salts were washed off the paper with
distilled water, and the paper dried. The paner was stitched
to DBAE cellulose paper 85 cm long and wide enough to hold the
entire first dimension, The ionophoresis was performed at

right angle to the first dimension, at 800 V for 18 hr., The
paper was dried and nucleotides were located by radioautography,

/
Identification of 3-terminal niicleoside

Identification of f—terminal nucleoside was mnade by
chromatographic analysis of nucleosides formed urnon alkaline
hydrolysis of °H AMV A, About 20pg RUA was dissolved in
0.33 N KOH, sealed inside a capillary tube, and incubated at
38°C for 18 hr. Alkaline hydrolysate was mixed with 20pg of
each of adenosine, cvtidine, guanosine and uridine and the
mixture was neutralized by Bio Rex-70 ammonium form. Nucleotide
in alkaline hydrolvsate were determined by electrophoresis on
Whatman No.1 paper in 0,5% pyridine - 5% acetic acid, pH 3.5
containing 0,001 M EDTA, The four nucleosides were separated
on DEAE paper, using water as solvent, hy chromatogranig. The
true VA base composition was determined from the alkaline
hydrolysate of 3%p lahelled AV RNA, The entire electrophoreto-
gram or chromatogram was sectioned in 1 cm strips and
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radioactivity counted in liquid scitillation spectrophotormeter.
The total amount of nucleoside or nucleotide was deternined

from the percentage in each of the four peaks. The calculation,
after corrsction for non-squivalent incornorntion of prucursors,

. e . ’ . .
indicated the 3-teriiinal nucleoside,

ies'llts and discussion

The Ri¥A isclated from avian mveloklastosis virus,
grown in cold medium, bv nhenol sodium dodecvl sulrnhate method,
was layered on 5-20% sucrose densitv gradient and centri‘uged.
The sedimentation pattern revealecd that AMV RFA consists of
two major cormonents, a heavy 65S fast sedimenting cormonent and
a light 4S sedirtenting component, Fig., 3. ilohinson and Baluég
estimgted that 653 A component has a molecular weight of
12x10° daltons and it represents.the intact form of ANV RNA.
The 655 AMV AA when heated, above 7000, it dissocintes to 3 S
RNA subunits. It is shown that 4S RNA species are methvlated
and it can be aminoacylated with different individual amino
acids by anincacvl tilA svnthetases prenared from chicken
embryo.

On electrophoresis, AMV RHA in polyacrvlamide agarose
gel, is resolved into a slow migrating 655 component and a fast
migrating 4S compon.nt, Fig. LA. Additional slight hands for
285, 18S and 115 RA could be observed in some AMV RNA
preparations, However the additinnal bands do not apnenr in WA
preparations made fron virus of cultures harvested st shorter
intervals and also when due precautions are taken against
degradnation of RWNA by ribonuclense action, The fast sedimenting
65S RNA component, collected from sucrose gradient, just
entérs inside the gel, Fieg, LB, and slow sedimenting RNA moves
with E. coli 4S5 REA, Figs. 4C and LE. The MIV 653 R4 when
heated at 70°C for 3 min in buffer, it disociates into subunits
which band at 353 position in polvacryvlamide agarose gel,

Fig. LD. However, two slight 43S bands become visible in
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Fig. 3. Sedimentation of ribonucleic acid extracted frorm
avian myeloblastosis virsus isolated by pnhenol-sndium
dodecyl sulphste method. The RNA was dissolved in
0.2 ml of 0.1 17 HaCl, 0,01 M tris pH, 7,4, 0,001 M
EDTA buffer and layered on top of 12 ml 5-26$ sucrose
density gradient, Centrifugation was at 39,000 rpm
for 6 hr in heckman rotor SW 40 at 5°C,
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Fig. 4. Relative elecgrophoretic mohilities of RNA samnles
in agarose acrvlamide composite gels. A) AMV RMNA
isolated by phenol-sodium dodecvl sulphate method,
B) fast sedimenting 653 R'A precinitated from
sucrose density gradient. C) slow sedimenting 43
A precipitated from sucrose density gradient.

D) heat treated G5S RHA, the 65SsREA from sucrose
gradient was precipitated with ethanol, redissolved
in 0.01 M tris, pH 7.4, 0,001 M EDTA buffer, heated
at 70°C for 3 min and then cooled rapidly in ice cold
water, E} the reference Escherichia coli, RMAs, 23S,
168, 58 and 4S. The R¥A was electrophoresed in
2.4% acrvlamide-0.6% agarose composite gels in
tris-EDTA-borate huffer (pii 8.3) for 2 h at 200 V
and 0°C and stained with 0.2% methvlene hlue in

0.4 M sodiur acetate, pH 4.5, and differenti?ated
with several washings of 0.02 M acetic acid.

-
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addition to 35S subunits in heat dissociated preparations of
AV 658 RiA if AMV virus or AV A2 is handled without due
care.

The two-dinensional electronhoresis of ribonuclease T
digest of 32P labelled 655 AV Iil'A shored a series of snots
on the diagonal. This suggested either AV 653 RNA is made
of discontinuous hetergoneous volvnucleotides held by hvdrogen
bonds or ANV 653 il is degraded under the existing exnerinental
conditions.

1

Duesberg and Vog% showed that AMV 653 F'1 heat dissociates
into 35S subunits and various anounts qf heterogeneous smaller
pieces of lAs. decently it is claimed that AV 653 R'A heat
dissociates into 353 RMA subunits and a homogeneous 4S5 species.
In this studv, it is shown that qualitv of AMV 653 RI!A denends
on the time interval between harvests of virus made for
isolation of AMV RNA, The sedimentation of 3u gV RiA, prepared |
from virus harvested at 2 hr intermals, in 5-20% sucrose
gradient is shown in Fig. 5A. A similar sedimentation profile
for ANV RNA is obtained if the harvests are made at 6 hr
intervals. The distribution of comnonents of heat dissociated
AMV 653 RNA prepared from the virus harvested at 6 hr
intervals is shown in Fig. 5B, and thet from the viris harvested
in Fig. 5C. It seems that compohents smaller than BSS'RVA
arise to a greater extent during prolonged culture, presumably
through ribonuclease degradntion of AMV IMNA,

The chromatographic analyses of KOH hyvdrolysate of
3y AV 655 RNA identify the major 3'-teminal nucleoside
Adenosine. This is true if either 658 or 355 R'A is annalvsed
from virus harvested at either 2 hr or 6 hr intervals, Tahle 1:-
Therefore the snaller RUA products seem into fig. 5B, probably
have 3'-phosphorylated end which could not anpear as nucleoside
in alkaline hydrolysates, This result does not agree with
that reported bv &Erikson and associat%g, who found uridine
at 3-end. Also data are presented that 3_teminal uridine in
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Fig.

5.

Sedimentation of ANV REA. A) AMV RNA layered on top
of 4.4 ml 5-20% sucrose gradient, in NTE buffer

pH 7.4. Sedimentation was in Beckman rator SW 50
at 36,000 rpnm at 5°C for 2 hr, B) Sedimentation

of heat disscciated 658 AMV RI'A isolated from virus
harvested at 6 hr intervals. The RNA was dissolved
in 0.2 m of C.Q. If tris pr 7.4 + 0,001 M EDTA,
heated at 70°C for 3 min and cnilled quickly,
layered on top of 13 ml 5-~-20% sucfose gradient.
Sedimentation was in Beckman rotor SW 40 at 39,000
rpm at 5°C for 6 hr. The arrow indicates the
position of 283 asvian myeloblast ribosomal HIA,

C) Sedimentation of heat dissociated 65S AMV RiA
isnolated from virus harvested at 2 hr intervsls,
The conditions were the same as described for 658
A isolated for virus harvested at 6 hr intervals.
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Nucleotides &nd nuclecsides found in KOH hydrolysete of AMV RAN

RRA preparstion Compcnents @#nalvzed KOE hydrolysate products
A C G U

1.3% AMV RNA 3%k nuclectides (%) 25.6 23.5 30.1 20.8
2.3H AMV RN& 3K nucleotides (%) 5., 47.5 8.0 39.1
6 hr harvest 38 nucleosides (cpm) 52 89 - 76
70S RNA corrected 3H nucleosides(cpm) 247 NS - 40
percentage nucleosides 75 13 - 12

3.30 AMV RuA 34 nucleotides (%) 7.6 56.0 1.8 34.6
2 hr harvest 3H nucleosides (cpm) L6 100 - 77
70S RNA corrected H nucleosides (cpm) 155 L2 - L6
percentage nucleosides 6L 17 - 19

L. 3H ANV RNA 34 nucleotides (%) 8.9 47.7 1.2 L1.6
2 hr harvest 3H nucleosides (cpm) 28 &6 - 61
35S RNA corrected 34 nucleosides (cpm) &1 L2 - 31
percentage nucleosides 53 27 - 20

About 5-10pg RNA (1-10x10° cpm) wes hydrolysed in 0.33 N KCH
at 38°C for 18 hr, then 20pg of each of adenosine, cytidine, gwPmosine #nd §
uridine were added @s ceérrier. The resulting mixture wés neutrslized by
Bio Rex-~70, ammonium form, Nucleotides were sep:rated on whetmen No.l.
p#per in @ pyridine~-acetate, pH 3.5. Nucleotides #nd four nucleocsides
were separated on DhAL-paper by chromatogrerhy and water was used @s
solvent. The counts obtsined for (BH) nucleosides were corrected and
expressed #s percent of the totél nucleoside counts present,




31

case of C-type viruses. The onlv disagreement, with Eriksen
coworkers, lies in the methods of virus and iU'A purification,
which involves an isopycinic banding of virus in sucrose in
this work. It nay be noted that mveloblast 28S RFA has
j—terminal uridines Further supnort forsmn adenosine at
ﬁlterminal_in the viral MiliA is fourd in the presence of
polvadenvlste sequences in many viruses includi ng tumor
virusés, and the probabl flterninal location of noly A in the
case of vaccinia viral dNA. Baluda & Datta, with whom the
‘author has associnated in certain experiments, believe that

, .
polvadenylate sequences are sinilarly located at 3-terninal
end of AMV RI'A,
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The studies on the nucleotide senuences that may be
confined originally to the structure of ANV RUI'A) were extended
to the structure of ritosemal WA of leukemic rveloblasts from
infected chicken. Also it could be useful to conpare the
terninal nucleotide structure of high molecular weight ritosnmal
RUA of the host cell to the AMV REA,

Myeloblast culture ¢

The leukenic ryeloblast cells were grown as it has been
described earlier. The myeloblast culture was prelabelled with
3% labelled }!3P , or 34 1abelled nucleosides, for 10-12 hr, and
the radioactive medium changed four times at 5 hr intervals. The
labelled myelohlasts collected by centrifugation and used for
HIA extraction immediatelyv.

Nucleic acid extraction

Myeloblasts, 1 ml packed cells, were suspended in 10 ml
of NTZ buffer (0.1 M laCl, 0.01 M tris, pH 7.4, 0.001 M EDTA)
containing 1% of p-mercaptoethancl; and then sodium dodecyl
sulphate (SDS) is added to 1% concentration. After the cells
had lysed, an egual volune of buffer saturated nhenol is added.
The mixture was shaken for 30 nin. After centrifugation the
aqueous layer, contasining nucleic acids, was treated with nhenol,
two times. The first precipitate of nucleic acid formed by
addition of 0.1 vol of 2 I1 sodium acetate, pH 5.5, and 2 vol of
ethanol to the aqueous solution, was remmved bv spooling on a
glass rod. The aqueous-ethanol mixture was allowed to stand
for 24 hr at -20°C and then the second precipitate removed by
centrifugation,

Isolation of 288 and 185 A
The extracted total nucleic acids were treated with 3 M
sodium acetate, pH 6,0, at 3 mg RNA/ml, three times, to remove

B e e————




“—-——~ e

~21-

34
DIiA and small rmoleclar weipht R{A. The ribosorial RIA was

washed with 70t ethancl containing sodium chloride (1%) and
reprecipitated from NTE buffer. The precipitate was dissolved
in 0,01 M tris, pH 7.4, 0.001 M ZDTA, 0.01 M lithium chloride
and 0.5% SDS, lavered on ton of 28 ml 5-20% sucrose gradient and
spun in Beckman SW 25.1 rotor at 24,000 rpm at 8°C for 18 hr.
The peak fractions of 285 and 185 RI'A were collected ard RNA
precipitated and were rerun on the same gradient to ensure
purification.ﬁégygﬂginal precinitate was washed with 70% alcohol,
dried in a das o, dissolved in wate~ and kent frozen. The
specific activity varied 5-8 x 10° cpm/pg for 3%p Jabelled
RHA and 2-4 x 106 cpn/pg for %H labelled RNA.

Gel electrophoresis

Gel electrophoresis was perforred on polvacrvlamide-agarose
composite gels as described by Peagcock and Dingman (1963).
Agarose solution, 1% in water, 15 ml was refluxed for 15 min
and codled to 48°C and cvanogum solution, 2.5% in (x2 concentrated)
buffer, was warmed at 48°C. Just before the gels were noured,
freshly prepared 10% ammonium persulphate solution, 150 pl was
added to agarose and TEMED (NNI'N'-tetramethylethylenedianine),
12 pl, was added to cyanogum. Then agarose and cvanogum solutions
were nixed quickly and thoroughly and poured immedistely into
plexiglas tubes (0.25 inch dimmeter and 12 cm long)., After
polymerization was commlete, 1-2 hr, the gels were pushed out
at top of tubes, the ton 1-2 mn of the gel was sliced flate with
razor blade. A rubber ring was used to hold the gels inside
the tubes. The running buffer contained per 1000 ml tris, 10.8g;
disodium salt of EDTA, 0.93g; boric acid, 5.5g; pH 8.3.
Electrophoresis was carried out in cold at 0°C at constant
current of 2mA per gel. The gels were prerun for one hour,
RVA @amples were loaded in 20-30% sucrose, containing 0.1%
bromophenol blue as tracking marker. After electrophoresis the
gel was sliced in 1 mm nieces with help of stainless steel
razer blades stacked together in a stainless steel block,
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Radio-activity was ninitored in scintillstion counter using
'Aquasol'. For staining the gels were fixed for 30 min in

1 M acetic acid and stained ith methvlene blue, 0.2% in 0.}
I1 sodium acetate, pH 4.5, for 30 nin at room temnsrature and
destained with several changes of 0.01 I1 acetic acid.

Isolation of jlterminal fragments

Pancreatic ribonuclease A, snake venon phosnhodiesterase

and bacterial alkaline monoesterase were ohtained from Worthineton
Biochemical Gpoo. Ribonuclease T, was obtained from Calbiochem
QfOp. Ribonucleic acid 28S or 18S was digested either with RMase
A or Rlase Tl’ and J-terninal fragment obtained bv,two dimensional
diagonal electrophoresis in 7% formic acid. The 3-terminal
diagonal oligonucleotide was eut out, and purified on DEAE
cellulose paper in pvridine-acetate, ph 3.5, The digestion of
Btterninal fragment with enzvme or KOH, and analysis of the
products was done as described bv Sanger and cowork%%é?z

Identification of 3'(2') 5'-terminal nucleoside diphosnhate

The ribonucleic ~cid, 285 RNA or 18S RMA, was hvdrolvsed
in 0.33 Il KOH at 38°C for 18 hr and the digest was electrophoresed
in the first dimension on Whatman Po. 540 naper and in the second
dimensior. on DEAE ion-exchange paper, in pvridine-acetate, plf 3.5,
containing 0.001 M EDTA. Alkaline hvdrolvsis released 3'(2') 5'-~
nucleoside diphosphate fron a 5Lterminal end of a phosphorvlated
polynucleotide only. The 3'(2%) Slnucleoside derivatives nove
more rapidly in the first dimension than mononucleotides and
moves slowly on D3ZAE ion~exchange paper in the second dimeneion,
It was possible to confirm th: identification of 3'(2')
§Lnuc1eoside dinhosphate derivatives by co~chromatographv with
known markers pAp, pCp, pGp, pUp and by their dephosnhorvlation
with bacterial alkaline monoestrase,
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degults and discussion

A tvpical distribution of sedimentation of J'A, on 28 ml
5-20% su:crose density gr-dient, after extraction of total mucleic
acids with 3 I sodium acetate, nli 6.0, that removed DA and low
rmolecular weight RNA, is shown in Fig., 6 A. The peak fractions
of 283 A and 183 RiA were collected and rerur on a similar
sucrose density gradient. Cross contamination of 285 RW} or
188 1id, with each other, as judged bv profiles in suorose
density gradient centrifugation, was not dotectalle, Fig, 6 B
& C. Zither ') species, 285 RAA or 18S RITA, onllected from
the peak fractions of th: rerun profiles on sucrose density
gradient, exhibited single bané in polvacrvlamide-agarose gels
upon electronhoresis, Fig. 7. No DMNA, transfer RIA, or other
cellulsr contaminant RNA was pr'esent.' The mveloblast 2835 R'A
or 18S AN'A obtained fo-~ this study appeared intact and
phvsically homogeneous.

Tritiun labelled nveloklast 283 RMA or 18S RMNA was
hyvdrolysed in alkali. The hydrolvsate was desalted bv passage
through Bio Rex-70, armmonium form. A part of the hvdrolvsate
was chromstographed on DEAE cellulose napoer vwith marker
nucleosides. DLach nucleoside was monitored for radioactivity,
3ince labelling was not uniform in all nucleosides, nucleotides
from the second part of tiic hydrolysate were fractionated by
paper electrophoresis, and tritium in cach was estimated,

The specific activity of each nucleotide in tritiated RMA was
calculated from the base composition of RIA that was determined
by c¢lectrophoretic analysis of 3%p labelled RYA, The measured
tritium activity in each nuclcoside was corrected to nccount
for non-equivalent incornoration, Tatle, 2. The predominant
nucleoside present in KOF digest of the 2838 RMA is uridine and
while that of the 183 RNA is adenosine, These nucleosides could
arise onlv from the non-nhosphorylated 3-end of the RIA
molecules, fherefore the 283 RIIA haé shown 3-terminus to be
uridine and the 183 RNA has shown 3-terminus to be andenosine,
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Fig.

6.

Sedimentation of chicken leukemic mveloblast RNA,
A) Total nucleic acids were extracted with phenol-
sodium dodecrl sulphate method and precipitated
with ethanol srd tr2ated three times with 3 M
sodiun acetate. pH 5.G. to remove DNA and the 3%
RIA reprecinitaced and layered on ton of 28 nl of
5-20% sucrcse cdens:y gradient in 0,01 M LiCl,,
0.01 M tris, 7.4, 0.001 M EDTA containing 0.5
sodiun dodecyl sulphate. Centrifugation was in
Beckman rotor SV 25.1, at 24,000 rom at 8%¢ for

18 hr. Bj *2p RuA 28S peak fractions were collected,

precipitated vwith ethanol, and reran in sucrose
densitv gradient under conditions described above,
C) 3% 18S peak fractions were aslso cnllected,
precipitated with etharnl, and rerun in sucronse
density gradient as described above,
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Table II.
Nucleotides #nd nuclegpsides found in KGH hydrolvsste of gxeloblasg RUNA,

RNA preparetion Componcnts 2nalyzed KOH hydrclyséte products

A C G U

18S KNA 3%p nucleotides (%) "23 25 29 23
34 nucleotides (%) 1.9  49.6 7.6 40.9
34 nucleosides (cpm) 66 482 - 399
corrected H nucleosides (cpm) 806 244 ~ 188
percentége nucleosides 65 20 - 15
285 RNA 32p nucleotides (%) 18.6 27.9 36.6 16.9
4 nucleotices (%) 1.9 6.0 7.4 30.7
3H nucleosides (cpm) - 433 - 1297
corrected H nucleosides (cpm) - 201 - 713
.percentage nucleos ide - 22 - 78

About 5-10pg RNA (1-2x106)bpm) wes hydrolysed in 0.33 N KOH
st 38°C for 18 hr, then 20 pg of each of adenosine, cytidine, gomnosine
end uridine were added. The mixture was neurtralized by Bio Rex-70,
armonium form. Nucleotides were separeted on Whatmén No.l. paper in
pyridine-acetate, pH 3.5. Nucleotides and four nucleosides were sepsreted
on DbAb-cellulose péeper by chromstogresphy. Water was used 28 solvent,
The counts obteined for tritirted nuclcosides were corrected for base
composition, determined using 32P RNA, and expressed #s percent of the
total nucleoside counts present. ’ |
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Myeloblast ribosonal 32P labelled 28S RA was digested
with ribonuclease A and the prodicts separated by diagonal two
dimensional electrophoresis, A radicautogran of the fingerprint
is shown, Fig. 8. The oligonucleotide, that appeared on the
diagonal, eluted by triethylamine hicarbonate buffer ane the
radioactive material dried from small volumes of water repeatedly.
The therminal oligonuclectide further purified on DEAE cellulose
paper by electrophoresis in pvridine-acetate, nBE 3.5, The
mononucleotides released upon digestion of the olizonucleotide
material in 0.2 N NaOH separated on %hatman lo. 1 paper, located
by radioautography snd analysed by means of scintillation counter.
A part of the oligonucleotide material digested with snake
venon phosphodiesterase and the nroducts separated by
electrophoresis. The proportions of hydrolysis nroducts,
released unon !laOH or snake venom phosphodicsterase digestion,
is shown in Tahle 3. The seqguence of nucleotides in-the
3-terminal fragment could be written,-PypAnGpGpllyy. The dipest
of ribonuclease T, of >°P labelled 285 RIA failed to show the
presence of any oligomer that could migrate st the diagonal
upon electrophoresis and this could he only true of 32terninal
oligonucleotides with guanosine residue at penultimate nosition.

Myveloblast ribosoral 32P labelled 1835 RNA was digested
with ribonuclease T, and the hydrolysis products separated by
diagonal two dimensional electrophoresis. A radioautogran of
the fingerprint is shown in Fig. 9. The J-terminal oligonucleoticde
was digested with alkali snake venom phosphodiesterase and
pancreatic ribonucleasse A; and the comparison of hydrolysis
products of each reasction separated hy electronhoresis, Tahble 3,
This provided evidence for the sequence-GpCn(2Cp, 2Anlp, 2Up) Aoy
The jlterminal oligonucleotide lacked guanylic acid and this
could only be true of 5;terminal oligonuc.eotide.

Terminal 3(2) 5-nuclectide diphosphate from alkaline
‘hydrolysate of riyeloblast ribosomal RU'A were separated by two
dimensional electrophoresis first on Yhatman No. 540 paper asnd
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Fig,

7.

Cel electrophoresis of 2P RNA 283 and 2% RNA 18S.
The peak fractions of 283 and 18S RNA collected

from sucrose density gradient run, and electronhoresed

on agarose - acrvlanide, 0.5% agarose and 2,5%
cyanogum 41, gel col:rns, 11.1 cm long and % inch
in digmeter., Electrophoresis was at 2mA per gel
column. Sgcherichia coli RMAs, 23S, 16S 5S, 4S
were used as markers, indicated by arrows, After
electropboresis the gels were frozen in hexane,
cooled in dry ice and cut into 1mm pieces on a
slicer made of stainless steel blades stacked in
stainless steel blocks. BREach slice was treated with
0.1 nl of hvdrogen peroxide at SOOC.and comnted in
10 ml of 'Aquasol' scintillator. The gels, run
with marker @'A, were stained with methylene blue
0.2% in 2,4 1! sndium acctate, pH L,5, ané
differentiated -vith several changes of 0.1 M acetic
acid,
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Fig.

8.

Phosphatase diagonal of ribommclease Tl digest of
32? RNA 183. First dimension is ribonuclease 'I'1
digest ionophoraes®s and second dimension is after
phosphatase treatment ionophoraesis., Abhout 10 ug
RNA (4--5 x 106 ¢uml was digested in 0.1 M tris, pH
7.2, 0,02 M ELTA with acid treated ribonuclease T1
(1 mg enzvme/nl in 0,081 tris, OH 7.2, 0.02 M EDTA
was acidifiad by 2ddition of 0.05 vnl of 1N iiCl and
incubated for 10 mir at 37°C and the solutinon was
then neutralize?d by addition of 0.1 vol of 1M tris,
pH 7.2, plus 0 05 vnl of 1k KaOLk). The substrate
to enzyme ratio was, 10:1, incubated at 37°C for 30
min. The digest vas subjected to ionsphoresis on

15 x 85 cm DEAE-cellulose naper in 7% formic acid

at 800 V for 14 hr., The radionactivitv was located
by radioautography and the strin, abmt 2 cm wide,
was cut out. The strip was placed on a glass
chrematogranhic trough and snaked with alkaline
phosphatase, 20 I/mL concentration in 0,5 M (rmh) HCO
0,025 M I»’igSOh, 0,0001 M ZnSOb, at 1 ml ner 1 x 30 cm
strip paper; ancd ircubated at 37°C for 2 hr in
water saturate” atmosnheare. After dephosphorvliation
the strip was t~ra=h<::£ off salts with water, dried

and sewn onto 3 DEALcecllulose paper, 46 x 80 cm,

and ionophoresis ras performed at right angle to
the first dimeasion, The arrow indieates the
diagnonal 3’ CH terminal fragment,
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Phosphatasce diagonal of ribonuclease A digest of

32? RAIA 285, First dimension is ribonuclease A

digest innophoresis an? secnond dimensinn is after
phosphatase treatment ionnphoresis, About 10 pg

R4, 45 x 106 cpm, was digested with ribonuclease

A, substrate to enzyme ratio, 10:1, for 3 hr at 37°C

in 0,02 M tris, pii 7.4, 0,002} EDTi, The remaining
treatment was exactly the same as described for fig, 8,
The arrow indicates the diagonal 3’ OH terminal fragment,

Eot e e e

NS A 75 s T

v e

Ty




~26-

Table I1I.

Id
Base composition of 3-terminal oligonucleotide
of 28S riNA from @2 pancreatic ribonuclease A
digest, énd base composition of 3-terminel
oligonucleotide of 183 rRNA from a T RNase digest.

RNA component NaQH VP DL RNase A
A5 1A 2pG
283 F

a3 1p8

2Ap - 3pA 2Up
18S

3Gp 2pC 2ApUp

LUp LpU 3Cp
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Table IV

Terminal nucleotides of ribosomal RNA

Source Cormponent 5Zterninus 3iterninus Re ference
Avian myeloblasts 188 pC-- --GC  (AU) ,(C),(U), gy
285 pGem Py AGGU oy
L-Cells 188 pU-- -=Aqoy 35
288 pCen ~=Ugy 35
fabbit reticulocytes 18S - -=GAUCAUUA 36
285 - ~-GUUUGY o 36
E.coli. 168 pAAAUG-~ 37
--GAU (AC) (c)h(u)3 Loy 38
235 pGGU-~ 37
~=GCUUAACCU Uy 39

s e

Vit

b
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seccend on DEAE cellulose naper. Analysis of alkaline hvdrolysates

of 32P labelled 285 RNA showed onlv one radioactive snot
corresponding to a guanosine 3'(2') 5:diphosnhate. The identityv
of guanosine 3'(2%) 5:diohosnhate was confimed bv treatnent
with bacterial alkaline monoestrase, which resulted in comnlete
dephosphorylation of nGpn. Annlvsis of alkalire hvdrolvsates

of the ribaosomal 185 AiA cormmonent showed orlv one snot
corresponding to pGp. The recoverv of the pCp in two experiments
was calculated to ke one mole per 1780 nucleotides and one

nmore per 2241 nucleotides, corresponding to an aoproxinmate
nolecular weight of 183 RI!A of 0.53 and 0.67 x 106
case.

in each

The published ribosomal R'A teirminal seouences for
coniparison are listed in Table, 4, The 5-end is phosphorvlated
in all RAA species, bt no consistent terminnl nucleotide is
seen, Itibosonal 188 MNA 511 terminate at the 3-end predominantly
in adensoine while ribosorial 28S RIA terminate in uridine..

Only a few features are coiron and the homology bevond this
point is difficult to see.
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SUFIMARY

- It is shown that qualitv of AMV R\ depends on the
time intervel for harvests of virus from tissne culture,
AMV RNA isolated from the virus harvested at 6 hr intervel,

on heat dissociation, show smaller fragments thar 35S RNA

prerumably due to ribonuclease action, 658 AV RA is an
aggregate structure made of 35S RNA subunits. Alkaline
Hydrolvsis of 658 cr 35S 34 AMV RIA docurents that 3-terminal
is predominately adenosine. Analyses of KCH hvdrolysate of
ribosomal RHA of chicken leukemic mveloblasts gave about 1
mole of cvtidine 3'( 2l), 5'-diphosnhate and 1 mole of adensoine
for 18S R4 and similar analyses for 28S H'A gave only
guanosine 3'( 2,)--diphosphate and uridine. Analyses of
3-terminal oligonucleotides indicated that nucleotide sequence
of 18S rRlA is-=GC (AU)Z(C) 2(U)2 Agy and nucleotide sequence
of 28S rRNA is. =Py AGCUOH,
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APPENDIX I
Basal medium :
NaCl 6.8 gn !
KCl Q.4 m
CaClz(anhydrous) | 0.2 gm
Mgs0, . 7H,0 0.1 gn &
NaH,PO, .H,0 ' 0.125em i
+iaH 0, ) 0.2 gn %
Glucose 2.0 gn ;%
1-Serine 30 mg 5
1-Proline LO mg .
1-Hydroxylproline 10 mg §
Glycine 50 ng i
*Aspartic acid 30 mg
*Glutamic acid 60 ng
*idenosine 20 mg
Phenol red 16 ng
imino acid x 100 (EM) LO ml
*%Vitamin nmixture LO ml
#*xk ntimycotic 1ml
Streptomvein sulphate 0.5 gm
Penicillin G 250,000 units
Water (double distilled) to 1000 ml

Adjust pH with NaOH to 7.4

-

+NaHC03: dissolve separately and add last.,

*?arg to dissolve: dissolve separately in water at 45°C in 30ml of 1
1g0H . ~ |

#¥Vitamin mixture stock: thiamine hydrochloride, 200mg; riboflavirn, 20meg
pyridoxine hvdrochloride, 200mg; folic acid, 200mg; biotin, 20mg; s
¥icotinamide, 200mg; choline chloride, 200mg; inositol, 350mg;
pantothenic acic, 200mg; and water (double distilled) to 1000ml.

wikAntimycotic (N-butyvl-P-hydroxyhenzoate)stock: dissolve 200mg
antimycotic per 1000ml and autoclave at 15 1lb pressure for 10 min,
Sterilize the medium by passage through millipore filter,

Growth medium
To 88ml of basal medium is added 2ml of 10% glutamine (sterilized by .|

passage through millipore filter),5ml of inactivated foetal calf se
and 5ml of inactivated chicken serun,




-31-
APPENDIX II

Buffer saturated nhenol

1. Helt phenol in 50°C water bath and pour 850ml
into 2000ml cylinder with glass stopper.

2. idd an equal volume of double distilled water.

3. Add 90ml of saturated tris base to adjust pH8,0.
L. Add 3.6ml of 0.5H EDT:» (final concentration 10"3M).

5. idd 4ml p-mercaptoethanol.

}‘ 6. Invert cylinder 10 ninutes, allow to separate in the
' cold room, aspirate water layer from ton.

7. Wash phenol with an equal volune of NTE buffer
(0.1IM HaCl, 0.01M tris-HCl, pH8.5, 0.001M EDTA),
two time; Invert 5 minute each time, allow to
separate in cold room and aspirate from ton each time,

8. Add an equal volune for fresh buffer to the phenol
and add 0.1% (of total volume) f-mercaptoethanol.
Invert to mix and pour into marked 'Phenol' bottles.
Store in refrigerator,
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