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INTRODUCTION 

Nucleic acids have a particular significance in 
biology. Deoxyribonucleic acid (DNA) is considered to be 
the sole bearer of heredity, through evidence which has com4 
mainly from the study of transformation, transduction, 
bacterial conjugation and protein metabolism* On the ENA 
template are transcribed, messenger ribonucleic acid (mHHA), 
ribosomal ribonucleic acid (ri#JA) and transfer ribonucleic 
acid (tftPA), that have base composition complementary to the 
specific stretches of DNA. Ribosomal RNA binds with specific 
proteins to constitute ribosome particles. The mRNA and tRNA 
interact with ri bo somes to form polyribosomes 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 assemblage of amino acids into a particular protein 5 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 tRNA is coupled to its specific 
amino acid by a specific tRNA synthetase. Transfer RNA 
serves an adaptor between the mRNA and growing nascent 
polypeptide chain. In HHA viruses the genetic 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 alter the structure of protein or 
impairs the physiological function of the organism. Some 
stretches of DNA are not transcribed, but these are recog
nized by specific protein molecules and thus regulate the 
transcription of other stretches of DNA. JPhe promotor part 
of the cistron, where HNA polymerase binds, and also 
operator genes of the galactose operon and coliphage and 
434 where specific repressors bind, sre the known examples 
of such stretches of DNA. 
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The nucleotide sequences of DNA and RNA molecules 
w i l l help t o understand the process of transcript ion and 
trans lat ion and subsequently lay the rational bas i s of 
genetic engineering. Holley was the f i r s t to demonstrate 
the nucleotide sequences of yeast alanine tHNA, that paved 
the way for discuss ing interact ion between nucle ic acid 
molecules and prote ins . Since then much progress has been 
made and many more HNA molecules have been sequenced. A 
particular rapid technicue, requiring small amount of HPA, 
where -*nP radioisotope i s used t o prepare highly radioactive 
HNA has been devised by Sanger and a s s o c i a t e s . With t h i s 
new technique many workers are pursuing to sequence the t o t a l 
nucleotide composition of genet ic HNA of bacteriophage: MS2, 
f2j Rl7j Qfi • However the determination of nucleotide 
sequences of genet ic HNA in animal v i ruses , responsible for 
tumor formation or po l i o needs at tent ion . The e luc idat ion 
of nucleotide seauences in animal v iruses may eventually 
help in understanding several aspects about in fec t ion , 
development of v i r a l genome and tumor formation in the host 
t i s s u e at molecular genetic l e v e l . 

Spec i f ic ribonucleases are used to break down the 
ribonucleic acid into ol igonucleot ides* One such ribonuclesse 
T-, from Takadiastase, i s u t i l i z e d in the determination of 
nucleotide sequences of ribonucleic ac ids . A f - - l i k e 
ribonuclease has been i so la ted from Aspergil lus funigatus 
in Dr. G l i t z 1 s laboratory. I t may be l o g i c a l to compare the 
amino acid sequences in the two ribonucleases from dif ferent 
sources- Such s tudies on the structure of ribonucleases are 
required to reveal the mechanism of action of ribonucleases 
on ribonucleic ac id . 

Original ly a t enta t ive programme of research, discussed 
in the f i r s t report of September-October, 1970, was out l ined . 
1) I n s t a l l a t i o n of high voltage e lectrophores is apparatus for 
nucleot ides fract ionat ion: A two-dimensional procedure for 
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fract ionating ribonuclease digest of •* P labe l l ed RNA i s 
wel l known. The procedure requires the use of e lectrophoresis 
on ce l lu lose acetate s tr ip in the f i r s t dimension and on DEAE 
ce l lu lose paper in the second dimension. The e lectrophores is 
tank and high vol tage power supply could be purchased 
(jdWBM^iUdllv. Highly radioactive >*V l a b e l l e d RNA of E.col i 
A17 or phage F2t which may be readily prepared, could be used 
t o t e s t the working of the apparatus and also i t can be used 
to learn nucleotide fract ionat ion methods. The pos i t ion of 
different nucleot ides on the two-dimensional f ingerprints 
could be compared t o those reported by Sanger and h i s associ
a t e s . 2) Nucleotides sequences of avian myeloblastosis virus 
ribonucleic acid: Avian myeloblastos is v irus ribonucleic acid 
(AMV RNA) may be prepared in labe l l ed radioactive form. The 
radioactive AMV RNA may be digested with s p e c i f i c ribonucleases, 
fragments separated on acrylamide gel by e lec trophores i s , and 
studied for nucleot ides seouences. 3) Some structural aspects 
of ribonucleases: Ribonuclease T- from Takadiastase and 
ribonuclease F from Aspergi l lus furaigntus. though obtained 
from different sources, show s imi lar s p e c i f i c i t y of act ion 
towards RNA in s p l i t t i n g of bonds involving guanosine res idues . 
I t could be in teres t ing to probe the structure of two 
ribonucleases by succinylat ion, using X^C succinic anhydride* 
Some studies on these enzymes could also be made to the 
techniques used in determination of amino acid sequences. 

Previously i t had been establ ished that AMV RNA 
cons i s t s of a fas t sedimenting 65 S RNA component and a slow 
sediraenting 4S RNAs component, and a l so , i t i s considered 
that 65S RNA has a homogeneous structure with molecular 

6 20 
weight 12x10 dal tons . Experiments, in our hand, showed that 
i t was d i f f i c u l t to prepare 5 2 P labe l led AMV RNA, with high 
spec i f i c rad ioac t iv i ty , sui table to study nucleot ides seouences 
in AMV RNA in d e t a i l by the methods described by Sanger and 
a s s o c i a t e s . Diagonal e lec trophores i s of ^T labe l led iflWV RNA. 
hydrolysate, obtained by ribonuclease T- d iges t ion , indicated 

* V 
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that 65S RNA may be composed of subunits, which aggregate t o 
form 65S RNA, An aggregate structure for 65S RNA, during the 
progress of t h i s work, was also reported from other ' laborator ies , 
and i t was maintained that 6.5S RNA i s made of subunit RNA 
spec ie s held together by hydrogen bonds and can be disassociated 
by heat treatment into 35S subunits. Since i t was not pract i c 
able to separate the constituent 35S subunits of 6$S AMV RITA, 
therefore , i t became impossible to study AMV RNA nucleot ides 
sequences in d e t a i l , I F view of lack of research funds 
ava i lab le , 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 
myeloblasts from infected chicken. 

In t h i s work the nucle ic acid of avian myeloblastosis 
v irus has been characterized. Chromatographic analys i s of 
nucleosides formed upon alkal ine hydrolysis of Ĥ AMV RFA 
indicated, a f ter making correction for non-equivalent 
incorporation of precursors, the 3*-terminal nucleoside of 
AMV RNA i s adenosine. Alkaline hydrolysate of myeloblast 
ribosomal 1#S RNA showed adenosine as the 3-terminal nucleo-
s ide . The 3-terminal nucleoside of ribosomal 2#S RNA i s 
primarily uridine. Fractionation of 3 2 P label led l£S RNA, 
digested vdth RNase T-, by diagonal e lectrophores is ^re a 
3-terminal fragment indicat ing the sequence-GpCp(2ApUp,2Cp,2IJp)A0H, 
The S-terminal major nucleoside diphosphate in a lkal ine 
hydrolysate of ^T* lSS RNA was pCp, Alkaline hydrolysates 
of ribosomal 28s RNA contained 5-terminal pGp nucleoside 
diphosphate. Diagonal e lec trophores i s analys i s of 2#S RNA 
digest of pancreatic RNase A gave the 3-terminal sequence 
-PypApGpGpU0H. 
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INSTALLATION OF HIGH VOLTAG5, IONOPHORESIS 
APPARATUS FOR NUCLEOTIDES FRACTIONATION 

A two-dimensional f r a c t i o n a t i o n procedure fo r 
r ad ioac t ive nuc l eo t ides has been descr ibed by Sanger and 
coworkers. High vol tage ionophores i s i s used for both 
dimensions. In the f i r s t dimension a s n a i l amount of 

op 
r ibonuclease d iges t of highly r ad ioac t ive J P l a b e l l e d RNA i s 
appl ied on c e l l u l o s e ace t a t e s t r i p and e lec t rophoresed a t pH 
3.5 in a s p e c i a l l y cons t ruc ted e l e c t r o p h o r e s i s t u b e . This 
tube was made of p l e x i g l a s , ins tead of g l a s s t u b e , descr ibed 
by Sanger and Brownlee. The second dimension e l e c t r o p h o r e s i s 
was ca r r i ed on DEAE c e l l u l o s e paper a t an ac id pH. High 
vo l tage supply Model HV-5000 A and e l e c t r o p h o r e s i s tank Model 
LT 4g A tank , were purchased from Savant Ins t ruments , I n c . 221 
Park A v e . / H i c k s v i l l e . The 3 - t e r n i n a l o l igonuc leo t ides can be 
i s o l a t e d by two-dimensional diagonal e l e c t r o p h o r e s i s . Highly 
r ad ioac t ive 3 2 P l a b e l l e d Escherichia co l i RNA and 3 2 P l a b e l l e d 
phage f2 RNA have been used t o t e s t t h e working of e lec t rophore . 
s i s appa ra tus . The r e s u l t s were compared with those publ ished 
in l i t e r a t u r e . 
I s o l a t i o n of 3 2 P l a b e l l e d Escherichia c o l i RNA 

The c e l l of E. c o l i A19 were grown in low phosphate 
medium of Garen and Levinthaf: Sx l0~ 2 M NaCl, 2x10" 6 M 
FeCl 3 .6H 2 0, 2 x l 0 ~ 2 M KC1, 1.2X10" 1 M t r i s HC1 (pH 7 . 5 ) , 
2x10"% NH^Cl, I x l O " 3 M MgCl 2 .6H 2 0, 1 . 4 x l 0 " 4 M sodium 
^-g lyce rophospha te , 4H 2 0, 2x10-^ M CaCl 2 , 5xl0" i f M WagflO^; 
0.04$ Bacto-pentone (Difco) , conta in ing methionine 20 pg/ml , 
0*2j'o casamino a c i d s (vi tamin free) and 0,2% glucose which 
were autoclaved s e p a r a t e l y . The s t e r i l i z a t i o n was at 15 l b 
f o r 10 min. The c e l l s were harvested when O.D. 0 .22 at 540 mu 
reached. The c e l l s grew with doubling time of 74 min without 
casamino a c i d s . The doubling t ime with casanino acid was 
37 min. For l a b e l l i n g t h e c e l l s were grown a t 37°C in 100 ml 
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mediura from an overnight culture slant without casamino ac ids . 
The medium was shaken in 500 ml Erlenmeyer f lask with side 
tube on a gyrotory water bath incubator, Inmediate.ly a f ter 
inoculat ion, carrier free •* P at the 100 fiCi/ml was added. 
The c e l l s were harvested af ter 4 or 5 hr grovrth at O.D. 0 .22 . 
The c e l l s were centrifuged on Sorval l RC2-B, washed with 0.01 
M t r i s (pK 7 . 4 ) , 0 .001 M MgCl2, and kept frozen. To the frozen 
c e l l s 1.8 ml of 0 .01 II t r i s (pH 7 . 4 ) , 0,001 M HgCl 2, and 0.5$ 
sodiun dodecyl sulphate and 0 .2 ml of bentonite (3 mg) in 
0 .01 M sodium acetate , pH 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 p e l l e t was resuspended and held at room temperature with 
constant s t i rr ing in 0.1 M EDTA, pH 7 . 0 , for two days 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 by dry weight)* 
The c e l l s were shaken with an equal vol of water saturated 
phenol for 30 min and the aqueous layer recovered and treated 
once again with phenol. To the aqueous layer was added 0 .1 
vo l of 2 M sodium acetate , pH 5 .5 , and the nucle ic ac ids 
precipitated with 2 vol of 95$ ethanol. The prec ip i ta te washed 
with cold 70>» ethanol and freeze dried, and disso lved in water 
and kept frozen. Fractionation of RNA was carried out on 
polyacrylamide agarose composite gel by the method of Peacock 
and Dingman, using a v e r t i c a l ge l e lectrophores is apparatus. 
The gel was prepared by mixing (a) 800 mg agarose in 113 nl 
of water refluxed for 15 min with magnetic s t i rr ing and cooled 
to 45°C, (b) 3 . 2 g cyanogum 41 in 16 ml buffer; t r i s (10$ g ) , 
disodium EDTA (9 .3 g ) , boric acid (55 g) in 1,000 ml, pH 8 .3 , 
and warmed to 45°C, (c) 5 ml TEM3D (M,N,Mf ,N f -tetramethylethyle-
nediamine) so lut ion , 0.067 ml TEMSD/5 ml water and (d) 60 mg 
ammonium persulphate in 5 ml water. F irs t agarose and 
cyanogum 41 were mixed and then T5MED and ammonium persulphate 
were added respect ive ly . The mixture was poured in to the 

\ 



tWlfflffllTTIMBWMMBMii _.-,„„ _ L J J , „ . l , . , n , l • - "••• ' ' 18"""* 

- 7 -

apparatus gel c e l l and a sample wel l former introduced. After 
1 hr gelat ion the well former taken out under buffer and RWA 
sample applied in a drop of 20$ sugar and bromophenol blue 
indicator. The running buffer was di luted 1!10 and c irculated 
during e lectrophores is . Also cold water was circulated around 
the gel ce l l and the e lectrophores is was carried out at 4 C in 
a cold room. The current was passed at 200 V and after 2 hr 

get was removed. The gel was fixed in 1 M acet ic acid 
for 15 min and then stained with methylene blue (0 .2 g 
methylene blue /100 ml 0.4 M sodium acetate , pH 4 . 5 ) . The 
stain was di f ferent iated by washing overnight in 0.01 M acet ic 
acid. The gel was wrapped in Saran wrap and placed on a X-ray 
film Kodak Blue Brand (BB-54) f or radioautography in the dark 
for 10-15 min and the f i lm developed. The 5S RNA band from 
the gel was cut out by the help of radioautography, and i t was 
broken into small p ieces and placed into a cyl indrical tube 
(10 x 1 cm) having one end covered with DEAE ce l lu lose paper. 
The gel was subjected to e lectrophores is between two reservoirs 
containing 0.04 M t r i s acetate , pH $»3» The 5S RNA migrated 
out of the ge l and trapped on the DEAE ce l lu lo se paper. I t 
was eluted by 30$ triethylamine bicarbonate, pH 9*7, from the 
DEAE c e l l u l o s e paper and dried.. The residue i s dissolved in 
water which i s evaporated repeatedly t o remove the triethylamine 
bicarbonate. 

I so la t ion of 3 2 P label led phage f 2 HNA. 

E. co l i ATCC 15766 was grown overnight in the medium 
containing tryptone, 10 g; NaCl, 6 g; yeast extract , 1 g; and 
water t o 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 i s added in 150 ml fresh culture medium 
and the 500 ml iJrlenmeyer f lask incubated at 37 dC on a gyrotory 
water bath incubator. When the gr#wth reached to 0 # D. 0.22 at 

Q 

mp 54*, one ml of lysate or about 5 x 10 7 purified phage 
par t i c l e s are added in the f lask , immediately af ter phage 
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i n fec t ion c a r r i e r f ree ^ a t 1°° p c i / m l medium i s added and 
the incubat ion i s continued f o r 1-3 h r . To the l y s a t e was 
added 42 g of so l i d ammonium sulphate slowly with s t i r r i n g . 
The s t i r r i n g i s continued at l e a s t 1 h r or overnight* The 
p r e c i p i t a t e i s co l l ec t ed by cen t r i fuga t ion a t 10,000 x g fo r 
45 min. The p e l l e t i s re suspended in 4 ml of NTS buffer 
( 0 . 1 M KaCl, 0.05 M t r i s HC1, pH 7 . 6 , 0 .01 M SDTA). The 
suspension i s shaken with 0.6 vol of 1 , 1 , 2 - t r i c h l o r o t r i f l u o r o -
ethane and cent r i fuged at 10,000 x g fo r 15 min and the aqueous 
l a y e r i s removed. The i n t e r f a c e i s shaken with sna i l volume 
of KTE buffer and t h e auqeous l a y e r s combined* To the aoueous 
l a y e r i s added CsClp a t 0 .5 gm/ml and centr ifuged in Beckman 
65 ro to r a t 50,000 rpm for l£ h r . The v i r u s band i s recovered 
and dialyzed aga ins t KTE t o remove t h e CsQL2. The p u r i f i e d 
phage i s shaken with an equal volume of water s a tu ra t ed phenol 
and the RNA from the aqueous l a y e r i s p r e c i p i t a t e d with 2 vol 
of e thano l . The p r e c i p i t a t e i s washed with 70% e thano l . The 
RNA i s f u r t h e r p u r i f i e d , i f d e s i r e d , by passing through a 
Sephadex G-50 (f ine) column (1 .2 x lS cm) e q u i l i b r a t e d with 
water . 

Enzymic d iges t ion of J P l a b e l l e d RNA and t h e f r a c t i o n a t i o n 
of o l i gonuc l eo t ides by two-dimensional ionophores is t 

Ribonuclease ^ d i g e s t of 3 2 P l a b e l l e d 5S RNA of 
JE, c o l i f r a c t i o n a t e d by two dimensional methods of Sanger 
and a s s o c i a t e s . The RNA was d i sso lved i n 0.02 M t r i s HC1, 
pH 7 .4 , conta in ing 0.002 M SDTA ( n e u t r a l i z e d ) . The subs t ra t e 
t o enzyme r a t i o was 2 0 : 1 . About 5-10 ug RNA dissolved in 
10 ul of enzyme s o l u t i o n . The incuba t ion was c a r r i e d out a t 
37 C f o r 30 min. The d iges t was appl ied t o c e l l u l o s e ace t a t e 
s t r i p ( 3 x 60 cm) and subjected t o ionophores i s i n a pH 3*5 
buffer system, 0 .5$ pyridine-5% a c e t i c acid (v/v) containing 
0.001 M EDTA, a t 3,000 V fo r 2 h r . The o l i gonuc l eo t i de s 
t r a n s f e r r e d from the c e l l u l o s e a c e t a t e s t r i p t o DEAE ce l lu lose 
paper as i t has been desc r ibed . Ionophores i s in t h e second 
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dimension on DEAE c e l l u l o s e paper (46 x #5 cm) was in 7$ formic 
acid and a t 800 V. 

32 
P l a b e l l e d phage f2 RNA digested with T- r ibonuc lease , 

and the 3- te rminal o l igonuc leo t ides i s o l a t e d by two dimensional 
diogonal e l e c t r o p h o r e s i s . The phage SNA (5-30 ug) was digested 
a t 37°C for 30 min in 10 pi of 0*1 M HaCI, 0 .01 M t r i s HCl, pH 
7 . 2 , 0.05 M 3DTA with T- r i bonuc lease . ( A so lu t ion of the 
enzyme, 1 mg/l ml, in 0 .01 M t r i s , pH 7 . 2 , 0.02 M EDTA 
n e u t r a l i z e d ; was a c i d i f i e d by t h e addi t ion of 0.0$ vo l of N HCl 
and incubated for 10 min at 22°C; then i t was n e u t r a l i z e d by 
the add i t ion of 0 . 1 vol of 1 M t r i s * pH 7*2, p l u s 0.05 vol of 
IK NaOH). The subs t r a t e t o enzyme r a t i o was 2 0 : 1 . The d i g e s t 
was applied t o a DEAE c e l l u l o s e paper , Whatman DE # 1 , and 
subjected t o ionophores is i n 7$ formic acid a t #00 V fo r 14 h r . 
The pos i t i on of o l igonuc leo t ides were loca ted by radioautography 
and t h i s s t r i p was cut out . The paper s t r i p was placed on t o a 
curved g l a s s surface and held t h e r e with cel lophane t ape and 
a l k a l i n e phosphatase (BAP-F) from ^/orthington Biochemicals , I n c . 
d issolved in 0 .5 M (MH )̂ HC0 3, 0.025 M MgSo^, 0 .001 H ZnSO^ a t 
concent ra t ion of 20 u n i t s / m l , was appl ied t o the s t r i p . About 
1 ml of t h e enzyne so lu t ion on a 1 x 30 cm s t r i p of paper was 
enough t o dephosphorylate t h e n u c l e o t i d e s . The paper s t r i p 
was placed in s ide t h e chromatographic t ank , which had water a t 
t h e bottom t o keep the atmosphere humid, and incubated for 
3-4 h r at 37°C. After dephosnhorylat ion of o l i g o n u c l e o t i d e s 
the paper s t r i p was washed t o remove s a l t s by g e n t l e streaming 
of d i s t i l l e d water , d r ied and sewn onto a DEAE ce l l u lo se paper 
(43 x #5 cm) and the ionophores i s was performed a t #00 V, i n 
second dimension, f o r 14 h r . In radioautograph t h e 3- terminal 
end remained unaffected by a l k a l i n e phosphatase a c t i o n , 
appeared a t t he diagonal* 

_ A M * a 
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Radioautography 

Radioautographs were made on Kodak Blue Brand (BB-54) 
X-ray f i lm. The ionophoretogram was placed against the X-ray 
film in a standard X-ray casset te lined with lead sheets . 
After 1 to 3 days or two weeks, depending upon specif ic 
rad ioac t iv i ty of RKA, the X-ray f i l n i s developed to observe 
nucleotide f inge rp r in t s . 

Results and discussion. 

The two-dimensional ionophoresis of J ~P label led 
g. coli 5S RtU digest of ribonuclease T- resolved in to many spots , 
Fig. 1. A ribonuclease T digest of ^V label led f2 HRA was 
subjected to ionophoresis on DEAE cel lu lose paper. The o l igo
nucleotides were then t rea ted with a lka l ine phoSDhatase and 
run at r ight angle to the f i r s t dimension. The 3-terminal 
oligonucleotide appeared on the digonal , F ig .2 . The 
f ingerpr in t s on radioautograms were s imilar to the r e s 1 i l t s 
published by Sanger and coworkers. These experiments helped 
to learn the techniques of ionophoresis and also i t became 
possible to use the ionophoresis apparatus with confidence. 

» 
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Fig. 1. A two dimensional fractionation o** a ribonuclease T-
digest of 5S RNA of Escherichia, coli (After ref. 72) 
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Fig. 2. Phosphatase diagonal of a ribonuclease T* digest 
of f 2 HNA (After ref. 26). 
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CHARACTERXZATION OF AVIAN MYELOBLASTOSIS 
VIRUS RIBONUCLEIC ACID AND IDENTIFICATION 

OF 3-TEPMINAL NUCLEOSIDE 

Avian myelob las tos i s v i ru s i s reporter? t o contain 
r ibonuc le ic ac id . The p u r i f i e d RNA from avian myeloblas tos i s 
v i r u s i s shown t o have two components; a f a s t sedimenting 65S 
RNA component and a slow sedimenting 43 RHAs component. I t i s 
considered t h a t 65S RNA has a homogeneous s t r u c t u r e of molecular , 

6 20 27 
weight 10-12 d a l t o n s . Erikson repor ted t h a t 65S HNA when 
heated above 70°C, i t d i s s o c i a t e s to 35S RNA component(s) which 
i s t h e only d e t e c t a b l e break dovm product in c e r t a i n exper iments . 
Some s t u d i e s , made by Duesberg and Vogt, suggested an aggregate 
s t r u c t u r e f o r 65 S RNA t h a t d i s s o c i a t e s with heat o r dimethyl 
su l foxide t rea tment i n t o severa l major subuni ts of 35S RNA and 
v a r i a b l e amount of smaller heterogeneous p i e c e s . Recently, 
Erikson and a s s o c i a t e s claimed t h a t 65S RNA d i s s o c i a t e s t o 
r e l e a s e mainly 35S RNA form and a small homogeneous 4$ R̂ A 
spec i e s ; and i t i s demonstrated t h a t AMV RKA contains a l n o s t 
exclusivelyisr .unphosphorylated res idue of u r i d i n e a t the 
3- te rminus . 

This study shows t h a t subun i t s , smal ler than 35-% 
re leased upon heat d i s s o c i a t i o n from 65S RNA; a r i s e t o a 
g r e a t e r ex ten t depending on stay of v i r u s i n c u l t u r e , 
presumably through nuclease degradation of AMV-RNA. Chromato--
graphic a n a l y s i s of nuc leos ides formed upon a l k a l i n e hydro lys i s 

3 
of JH ÂW RNA i n d i c a t e d , a f t e r co r r ec t i on f o r non-equivalent 
incorpora t ion of p r e c u r s o r s , t h a t t h e major 3 - te rmina l 
nucleoside of AMV HNA i s adenos ine . 

Growth of avian myelob las tos i s v i r u s 

The nAl s t r a i n A of avian myelob las tos i s v i r u s , D group 
was used. The leukemic chickens (white leghorns Kimber Farm 
K-137) were i d e n t i f i e d by use of p e r i p h e r a l blood smears. 
The b i r d s , a t 10-15 day of age, were bled us ing a heparin 
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t r e a t e d syringe by cardiac punc tu re . The blood was centrifuped 
a t low speed in a c l i n i c a l c e n t r i f u g e . The upper plasma l a y e r 
r ich in v i r u s was saved t o i nocu l a t e newly hatched chickens 
which were in j ec ted i n t r a - n e r i t o n e a l l y . The n i d d l e l a y e r of 

n 
myeloblasts was co l l ec t ed and re suspended at 2-3 x 10 
myeloblas ts per nl of medium (Appendix l ) . The bottom l ^ e r 
of red blood c e l l s was d i sca rded . 

The myeloblas ts suspension, 10 n l p o r t i o n s , was poured 
in 100 mm p l a s t i c t i s s u e c u l t u r e d i sh , incubated at 3$ C in 
humidified atmosphere cons tan t ly flushed by £®Q-&kr mixture 
t o keep pH around 7 .4 , Robinson and J-aluc% (1965). The c e l l s 
were harves ted at 2-3 hr i n t e r v a l by cen t r i fuga t ion and 
resuspended i n t o f resh medium; t h e v i r u s r i c h supernatant 
saved over ? i c e . The v i rus was ha rves ted , t h r e e t i m e s , and 
t h e t h r ee supernatant f r a c t i o n s combined, t o t a l volume 2000 n l , 
t o recover the v i r u s p a r t i c l e s . 

20 ^2 
For p repara t ion of J P l a b e l l e d v i r a l RNA, myeloblas ts 

were cu l tu red in medium deprived of KaHJ'O, .H ? 0 t h a t contained 
H ^ 2 P 0 , , ( c a r r i e r f ree) at 100 uCi/ml of medium. To l ab e l v i r a l 

* * 29 
KNA with t r i t i u m , myeloblas ts were cul tured in nedium; deprived 
of adenosine; supplemented with a combination of t r i t i a t e d 
u r id ine (36juCi/ml, spec i f i c a c t i v i t y 36 Ci/mnole) , cy t id ine and 
adenosine (25 /iCi/ml, spec i f i c a c t i v i t y 25 Ci/mmole); in spinner 
cu l tu re f l a s k s . Addit ional q u a n t i t i e s of KaHCO- are added i n 
t h e medium to keep pK around 7 . 4 . The f i r s t v i ru s h a r v e s t , 
p r e l abe l l ed v i r u s co l lec ted a f t e r 6 h r growth, was d i sca rded . 
Then the medium was changed a t 2-3 hr i n t e r v a l s and t h e v i r u s 
supernatant combined t o t a l volume about $00 ml, and v i r u s 
p u r i f i c a t i o n s t a r t e d immediately. 
P u r i f i c a t i o n of v i r u s 

The v i r u s r i ch supernatant c l a r i f i e d of c e l l d e b r i s , by 
cen t r i fuga t ion in Sorval l GSA r o t o r at #,5000 rpm fo r 30 min, 
and 1 M t r i s HC1 buf fer , pH 6 \ 5 , i s added a t 1.25 ml/100 ml of 
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th e superna tan t . The v i r u s i s concentra ted by p r e c i p i t a t i o n 
with ammonium sulphate at 35*3 g/100 ml of the combined 
supernatant and t r i p buffer . Ammonium sulphate was added 
slowly and t h e mixture was s t i r r e d f o r 45 min, ovor i c e . The 
p r e c i p i t a t e d v i ru s c o l l e c t e d by cen t r i f uga t i on in Sorva l l GSA 
r o t o r a t #,500 rpm f o r 30 min, and t h e p r e c i p i t a t e i s resuspenried 
in TE buf fe r (0 .01 II t r i s , pH 7 .4 , 0.001 M EDTA), t o t * l volume 
140 ml, and spun a t 3,500 rpm f o r 10 min to c l e a r debr i s and 
bubbles . Then the v i r u s suspension layered on top o^ sucrose 
cushion 3 ml 65% sucrose in D ?0 at bottom and 6 ml 20% sucrose 
i n NTE buffer ( 0 . 1 M KaCl, 0 .01 M t r i s , pH ? . 4 , 0 .001 II EDTA) 
on t o p , and spun in Beckman SW 25.2 r o t o r at 24,000 rpm fo r 
1 h r . The v i r a l band was co l l ec t ed on top of heavy sucrose 
and d i l u t e d , 1 ml to 4.5 ml wi th MTE buf fe r , and subjected t o 
15-20% sucrose densi ty g r a d i e n t , 6 ml 15% sucrose in HTE and 
6 ml 60% sucrose in HTE; in Leckman SW 25.3 r o t o r at 24,000 
rpm f o r 4 h r , with brakes off. The v i r a l bands were co l l ec ted 
i n t o tubes in i c e . Al l the ope ra t i ons are ca r r i ed out at 5 0 
or over i c e . 

The hot v i r u s , p r e c i p i t a t e d with ammonium s u l p h a t e , i s 
re suspended in TE buffer , t o t a l volume 36 ml, and spun a t 3,500 
rpm fo r 10 min to c lear debr i s and bubbles . The v i r u s suspension 
was layered on sucrose cushion, 1 ml of 65% sucrose i n D«0 and 
3 ml of 20% sucrose in NTS buf fe r , snun a t 24,000 rpm i n a 
Beckman SW 25.3 r o t o r fo r 1 h r . The v i r a l band co l lec ted on 
top of heavy sucrose, 1 ml v i r u s d i lu ted with NTS buffer t o 
4.5 nil, and pur i f i ed f u r t h e r by i sopycnic banding in 15-20% 
sucrose l i n e a r dens i ty g r a d i e n t , and cen t r i fuga t ion was done 
in Beckman SW 65 r o t o r at 64,000 rpm fo r l£ h r . The pu r i f i ed 
v i r a l band was c o l l e c t e d . 

I s o l a t i o n of v i r a l KHA 
The v i r u s p a r t i c l e s were d i lu t ed with NTS buffer and 

then both sodium dodecyl sulphate (SDS) and ^-mercaptoethanol 
added t o 1% concen t ra t ion . The so lu t i on was ex t rac ted t h r e e 
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t i m e s , ™ith equal volume of buffer sa tu ra ted phenol (Annendix I I ) . 
The ANA was p r e c i p i t a t e d fron aqueous I r y ^ r by add i t ion of 0 . 1 
vo l of 2 M sodium a c e t a t e , pH 5 .5 ; and 2 vol of e tbanol and 
allowed to stand o v e m i r h t at -20°C and co l lec ted by cent r i f l iga
t i o n i n Beckman SW 25.1 r o t o r a t 24,000 rnm fo r 1 h r . 

Gel e l e c t r o p h o r e s i s p 
0j£%M* AM* » AJ 

Gel e l e c t r o p h o r e s i s of HNA was perform^ on 3BrylitritLrifi-
agarose composite ge l , Peacock and Dingman (196S). Agarose, 
800 mg, in 113 n l of water was refluxed f o r 15 min and cooled 
t o 45 C Cyanogum 4 1 , 3 .2 gn was dissolved in 16 ml of X10 
buf fer ( t r i s , 108 gm; d isodiun s a l t of EDTA, 9.3 gm; bo r i c 
ac id , 55 ©n, pH 8.3) and heated t o 45°C. Ammonium p e r s u l o h a t e , 
50 gm, f resh ly d issolved in 5 ml water i s added t o agarose 
so lu t ion and 0.075 ml of T3-ISD (K,K, M 1, N ^ t e t r a m e t h y l e t h y l e n e -
diamine ) i s added t o cyanogum s o l u t i o n . The agarose and 
cyanogum s o l u t i o n s were mixed quickly and thoroughly and then 
allowed t o gel for 1 h r . After e l ec t ropho re s i s the HP A i s 
s tained with methylene b l u e . 

I s o l a t i o n of 3-termina ^ o l i g o n u c l e o t i d e 

The 3 - t e m i n a l o l igonuc leo t ide can be i s o l a t e d by 
two-dimensional diagonal e l e c t r o p h o r e s i s on DEAE c e l l u l o s e 
paper with phosphomonoesterase t rea tment between e l e c t r o p h o r e s i s 
s t e p s . Lenhosphorylat ion of o l i gonuc l eo t i de s a t 3-end permi t s 
a rapid migrat ion of these components in t h e second dimension, 
and / - t e r m i n a l o l igonuc leo t ide never car r ied a t e rmina l nhosph-
omonoester, and so i t i s not af fected by enwne and moves 
i d e n t i c a l l y in both dimensions and i s found on the diagonal 
of e lec t rophore togram. 5 2 P l a b e l l e d AMV HNA, 20-30fig HRA, 
spec i f i c a c t i v i t y 5-6 x 10^ cpm/ug HI'A was diges ted in 20pl of 
0 . 1 M NaCl, 0.5 M EDTA and 0.01 M t r i s HC1, pH 7 . 2 , a t 37°C 
f o r 30 min with r ibonuclease T • s u b s t r a t e t o enzyme r a t i o , 
2 0 : 1 . A so lu t ion of T 1 enzyme, lmg/ml in 0 .01 M t r i s HC1, 
pH 7 . 2 , 0,02 M EDTA was a c i f i f i e d by the addi t ion of 0.05 vol 
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of K HC1 and incubated for 10 min at 22°C, t o i n a c t i v a t e any 
contaminating phosphatase, i f p r e s e n t , 3rd the so lu t ion was 
then neu t r a l i zed by addi t ion of 0 .1 vol of 1 M t r i n HC1, pil 
7 .2 , p lus 0.05 vol of 1 N NaOH. The d iges t was applied t o as 
a spot on 15 x 85 cm s t r i p of DEAE c e l l u l o s e paper and 
ionophoresed in Tjo f o r n i c acid at #00 v fo r 14 h r . The p o s i t i o n 
of o l igonuc leo t ides t raced by radioautography and a s t r i p of 
paper about 2 en wide cut out . The s t r i p of paper was placed 
on a g lass rack and a lka l i ne phosphatase s o l u t i o n , f r e sh ly 
prepared i n 0.5 II (NU^) HCO 0.025 M MgSOj , 0.001 M ZnSO^, a t 
a concent ra t ion of 20 u n i t s / m l , was applied t o i t , 2 n l of 
phosphatase so lu t ion was requi red fo r 2 x 30 cm s t r i p of 
paper, and incubated a t 37°C i n humidified atmosphere. After 
dephosphorylat ion, t he s a l t s were washed off the pfiper with 
d i s t i l l e d water , and the paper d r i e d . The paper was s t i t c h e d 
t o BEAE c e l l u l o s e paper #5 cm long and wide enough t o hold t h e 
e n t i r e f i r s t dimension. The ionophores i s was performed a t 
r igh t angle t o the f i r s t dimension, at #00 V f o r 1$ h r . The 
paper was dr ied and nuc leo t ides were located by radioautography. 

I d e n t i f i c a t i o n of 3- terminal nucleos ide 

I d e n t i f i c a t i o n of 3- terminal nuc leos ide was made by 
chromatographic ana lys i s of nuc leos ides formed upon a l k a l i n e 
hydro lys i s of Ĥ AMV ifliA. About 20^g SNA was dissolved in 
0.33 N K0H, sealed i n s i d e a c a p i l l a r y t u b e , and incubated a t 
3S°C f o r 18 h r . Alkal ine hydrolysate was nixed with 20fig of 
each of adenosine, cy t i d ine , guanosine and u r id ine and t h e 
mixture was neu t r a l i z ed by Bio Rex-70 ammonium form. Mucleotide 
in a l k a l i n e hydrolysa te were determined by e l e c t r o p h o r e s i s on 
Whatman Mo.l paper in 0.5/b pyr id ine - 5^ a c e t i c a c i d , pH 3.5 
containing 0.001 M EDTA. The four nuc leos ides were separated 

30 on DEAE paper , using water as so lven t , by chromatography. The 
t r u e HNA base composition was determined from the a l k a l i n e 
hydrolysate of ^ 2 P l a b e l l e d AMV RNA. The e n t i r e e l e c t r o p h o r e t o -
gram or chromatogram was sect ioned i n 1 cm s t r i p s and 
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r a d i o a c t i v i t y counted in l i q u i d s c i t i l l a t i o n spectrophotometer . 
The t o t a l amount of nucleos ide o r nuc leo t ide WAR deternined 
from the percentage in each of the four peaks . The c a l c u l a t i o n , 
a f t e r co r rec t ion for non-equivalent incorpora t ion of p r ecu r so r s , 
ind ica ted t h e 3 - t e m i n a l nuc leos ide . 

i ies ' i l t s and d i scuss ion 

The RKA i s o l a t e d from avian myeloblas tos is v i r u s , 
grown in cold medium, by phenol sodium dodec^l sulnhate method, 
was layered on 5-20'o sucrose dens i ty gradient and cent r i^uged. 
The sedimentation p a t t e r n revealed t h a t AMV ftNA c o n s i s t s of 
two major components, a heavy 653 f a s t sedimenting component and 
a l i g h t 4S sedimenting component, F ig . 3 . Robinson and Baluda 
estimated t h a t 65S -"2JA component has a molecular weight of 
12x10 da l tons and i t r e p r e s e n t s .the i n t a c t form of AIIV RMA. 
The 65S AlIV JSTJA when hea ted , above 70°0, i t d i s s o c i a t e s t o 313 
HMA subun i t s . I t i s shown t h a t 4S RKA spec ies are methylated 
and i t can be aminoacylated with d i f f e r e n t ind iv idua l amino 
ac ids by aninoacyl tiiftA syn the tases prepared from chicken 
embryo. 

On e l e c t r o p h o r e s i s , AMV HIJA in pol}^acrylamide agarose 
g e l , i s resolved i n t o a slow migra t ing 65S component and a f a s t 
migrat ing 43 component, F i g . 4A. Addi t ional s l i gh t bands fo r 
28S, 18S and 113 HUA could be observed i n some AMV RIIA 
p r e p a r a t i o n s . However the a d d i t i o n a l bands do not nn^enr in ffiA 
prepa ra t ions made from v i r u s of cu l tu re s harvested at s h o r t e r 
i n t e r v a l s and a l s o when due p r ecau t i ons are taken against 
degradat ion of ifiJA by r ibonuc lease a c t i o n . The fas t sedimenting 
65S KNA component, co l l ec ted from sucrose g r ad i en t , j u s t 
e n t e r s i n s i d e t h e g e l , Fie-. 4B, and slow sedimenting RNA moves 
with E. co l i 4S UKA, F igs . 40 and 4E. The A?IV 653 RHA when 
heated a t 70°C fo r 3 win in buf fe r , i t d i s o c i a t e s i n t o subuni ts 
which band at 35S p o s i t i o n in polyacrylamide agarose g e l , 
F ig . Ẑ D. However, two s l i g h t 43 bflnds become v i s i b l e i n 



OPTICAL DENSITY 260m/u 
o o o o 

^ 

CP m 

c 
CP m 

o 
o 
CJ1 

o o 
tn o ro 

0 
ro 
tn 

o t 1 i i 1 

5 

to 
0 

0 

i 1 VI 

Tj CO 

2? 
& 

L^*"f .̂ 
wWiii»i^>W**iiW^^ih>##^^W^j %ii4^M%i£klM^ -



Fig, 3* Sedimentation of ribonucleic acid extracted frort 
avian myeloblastosis v i r sus i so la ted by phenol-sodium 
dodecyl sulphate method. The HNA was dissolved in 
0.2 ml of 0 .1 V. NaCL, 0.01 M t r i s pH, 7,4, 0.001 M 
EDTA buffer and layered on top of 12 ml 5-20# sucrose 
densi ty gradient . Centrifugation was at 39,000 rpm 
fo r 6 h r in Keckrasn ro tor SW 40 a t 5°C. 1 
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Relative elecfrrophoretic nob i l i t i e s of RNA sanples 
in agarose acrylamide composite ge l s . A) AMV HMA 
isolated by phenol-sodiura dodecyl sulphate method* 
B) fast sedinenting 65S fflk precipitated fron 
sucrose density gradient. C) slow sedinenting 4S 
HKA precipitated from sucrose density gradient* 
D) heat treated 65S 3NA, the 65SsRKA from sucrose 
gradient was precipitated with ethanol, redissolved 
in 0.01 M t r i s , 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 co l i . RNAs, 23S> 
l6S, 55 and 4S. The HKA was electrophoresed in 
2.4$ acrylamide-0.6>& agarose composite gels in 
tris-EDTA-borate buffer (pJT. 8.3) for 2 h at 200 V 
and 0°C and stained with 0.2$ methylene blue in 
0.4 Bl sodium acetate, pH 4 .5 , and d i f ferent ia ted 
with several washings of 0.02 M acetic acid* 
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addition to 35S subunits in heat dissociated preparations of 
AMV 65S MI A i f AMV virus or AHV MIA 1* handled without due 
care. 

The two-dimensional e lectrophoresis of ribonuclease T-
digest of •> P labe l led 65S Al*V 123 A showed a s e r i e s of s^ots 
on the diagonal. This suggested e i ther AMV 653 RNA i s made 
of discontinuous hetergoneous polynucleotides held by hvdrogen 
bonds or AMV 653 MJA i s degraded under the ex i s t ing experimental 
condit ions . 

Duesberg and Vogt showed that AMV 653 H?A heat d i s s o c i a t e s 
into 353 subunits and various amounts of heterogeneous smaller 
p ieces of MI As. Recently i t i s claimed that AMV 653 RTA heat 
d i s s o c i a t e s into 353 ~Mk subunits and a homogeneous 43 s p e c i e s . 
In t h i s study, i t i s shown that quality of AMV 65S HUA denends 
on the t i n e interval between harvests of v i rus made for 
i s o l a t i o n of AMV MIA. The sedimentation of 3H AMV HTIA, prepared 
from virus harvested at 2 hr in terva l s , in 5-20$ sucrose 
gradient i s shown in Fig. 5A. A s imilar sedimentation pro f i l e 
for AMV HKA i s obtained i f the harvests are made at 6 hr 
i n t e r v a l s . The d is tr ibut ion of components of heat d i s soc ia ted 
AMV 65S HMA prepared from the v i rus harvested at 6 hr 
in terva l s i s shown in Fig . 5B, and th.--t from the virus harvested 
in Fig . 5C. I t seens that components smaller than 353 MTA 
ar ise t o a greater extent during prolonged culture, presumably 
through ribonuclease degradation of AMV HNAt 

The chromatographic analyses of KOH hydrolysate of 
PH AMV 653 HNA ident i fy the maior 3-terminal nucleoside 
Adenosine. This i s t rue i f e i ther 65S or 353 Wk i s analysed 
from v irus harvested at e i ther 2 hr or 6 hr i n t e r v a l s , Table 1.-
Therefore the smaller RNA products seem into ^ig. 5B, probably 
have 3-phosphorylated end which could not appear as nucleoside 
in a lkal ine hydrolysates; This resul t does not agree with 
that reported by Erikson and a s s o c i a t e s , who found uridine 
at 3-end. Also data are presented that 3-terminal uridine in 

11. . i i . D i . 1 1.. 1 »»~J_™. 
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Pig. 5. Sedimentation of JffiV RIU- A) AMV RIIA layered on top 
of 4 .4 ml 5-20$ sucrose gradient, in KTE buffer 
pH 7o4» Sedimentation was in Beckman rat or SW 50 
at 36,000 rpm a t 5 ° c for 2 hr. B) Sedimentation 
of heat dissociated 65S AJ1V RHA iso lated from v irus 
harvested at 6 hr i n t e r v a l s . The UNA was dissolved 
in 0 .2 ml of 0 , 0 , II t r i s pn 7,4 + 0.001 M EDTA, 
heated at 70°C for 3 min and ch i l l ed quickly, 
layered on top of 13 ml 5~2QjL sucfose gradient. 
Sedimentation was i n Beckman rotor SV 40 at 39,000 
rpm at 5°C for 6 hr* The arrow ind ica tes the 
pos i t ion of 2#S avian myeloblast ribosomal i#A. 
C) Sedimentation of heat dissociated 65S AMV AHA 
iso lated from v irus harvested at 2 hr i n t e r v a l s . 
The conditions were the same as described for 65S 
3NA i so la ted for virus harvested at 6 hr i n t e r v a l s . 
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Table 1 . 

Nucleotides and nucleos ides found in KOH hvdro lysa te of AKV R/>N 

RNA prepa ra t ion Components analyzed KOH hydrolysate products 

1 . 3 2 P AKV RNA 3 2 F nuc leo t ides (fo) 

2. 3 H AMV RNA 3H nuc leo t ides ($) 

6 h r harvest ^H nucleosides (cpm) 
70S RNA corrected 3H nucleosides(cpm) 

percentage nucleos ides 

3 . 3 H AMV RNA 3H nuc leo t ides (%) 
2 h r harves t 3H nucleosides (cpm) 
70S RNA corrected 3K nucleos ides (cpm) 

percentage nucleos ides 

4 . 3 H AT1V RNA 3H nuc leo t ides {%) 
2 h r harves t JH nucleosides (cpm) 
35S RNA corrected 3H nucleos ides (cpm) 

percentage nuc leos ides 

About 5-10ug RNA (1-lOxlO 6 cpm) was hydrolysed i n 0.33 N KOH 
a t 36 C fo r 16 h r , then 20ug of each of adenosine , cy t i d ine , gu?nosine and 
u r i d i n e were added as c a r r i e r . The r e s u l t i n g mixture was neu t r a l i zed by 
Bio Rex-70, ammonium form. Nucleot ides were separa ted on Whatman No. l . 
paper in ? p y r i d i n e - a c e t a t e , pH 3 . 5 . Nucleot ides and four nucleos ides 
were separa ted on BLAL-paper by chromatography and water was used as 
s o l v e n t . The counts obtained for ( 3H) nucleos ides were corrected and 
expressed as percent of the t o t a l nucleoside counts p r e s e n t . 

A C G U 
25.6 23.5 30.1 20.8 
5.4 47.5 6.0 39.1 
52 69 - 76 
247 44 - 40 
75 13 - 12 
7.6 56.0 1.6 34.6 
46 100 - 77 
155 42 - 46 
64 . 17 - 19 
6.9 47.7 1.6 41.6 
26 66 - 61 
61 42 - 31 
53 27 — 20 
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case of C-type v i r u s e s . The only disagreement , ,* th Erikson 
coworkers, l i e s in the methods of v i ru s and HI-A p u r i f i c a t i o n , 
which involves an i sopyc in i c banding of v i r u s i n sucrose in 
t h i s work. I t nay be noted t h a t myeloblast. 2#S Itt«A has 
3- terminal ur id ine* Fur ther support for~an adenosine at 
3- terminal in t he v i r a l KM A i s found i n t h e presence of 
polvadenvlate sequences i n many v i r u s e s inc lud ing tumor 

32 i 
v i r u s e s , and the probable 3 - t e m i n a l l o c a t i o n of noly A in the 
case of vacc in ia v i r a l ffik* Baluda & Ba t t a , v i t b whom t h e 
author has assoc ia ted in ce r t a in experiments , be l i eve t h a t 
polyadenylate sequences are s i n i l a r l y loca ted a t 3 - t e r n i n a l 
end of AMY RIJA. 

* * *«MK. W J i i tf*^ ^^^mtmmmmimll^MS^sM^. 
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TBilllKAL fliiaSOTIDES OF HIBOSOKAL RIBONUCLEIC 
ACID F3SI CPICK2fc LSUK3IIC MY3L0BLASTS 

The studies on the nucleotide seouences that nay be 
confined or ig ina l ly t o the structure of AITV RITA, were extended 
t o the structure of ribosonal HNA of leukenic myeloblasts from 
infected chicken. Also i t could be useful t o compare the 
t e m i n a l nucleotide structure of high molecular weight rihosonal 
WA of the host c e l l t o the AflV RHA. 

Myeloblast culture 

The leukenic myeloblast c e l l s were grown as i t has been 
described e a r l i e r . The myeloblast culture was prelabel led with 
3 2 P labe l l ed Ĥ PÔ  or 3H labe l led nucleos ides , for 10-12 hr, and 
the radioactive mediun changed four t i n e s at 5 hr i n t e r v a l s . The 
labe l led myeloblasts col lected by centrifugation and used for 
ffiA extract ion immediately. 

Nucleic acid extract ion 

Myeloblasts, 1 ml packed c e l l s , were suspended in 10 ml 
of KT2 buffer ( 0 . 1 M IJaCl, 0 .01 M t r i s , pH 7 . 4 , 0 .001 M SDTA) 
containing lfc of ^-mercaptoethanol; and then sodium dodecyl 
sulphate (SDS) i s added t o 1% concentration. After the c e l l s 
had lysed , an equal volume of buffer saturated phenol i s added. 
The Mixture was shaken for 30 nin. After centrifugation the 
aqueous layer, containing nucleic ac ids , was treated with phenol, 
two t imes . The f i r s t prec ip i tate of nucle ic acid formed by 
addition of 0 .1 vo l of 2 M sodium ace ta te , pH 5 .5 , and 2 vol of 
ethanol to the aqueous so lut ion , was removed by spooling on a 
g l a s s rod. The aqueous-ethanol mixture was allowed t o stand 
for 24 hr at -20 C and then the second prec ip i ta te removed by 
centr i fugat ion. 

I so la t ion of 26\S and 1&3 3HA 
The extracted t o t a l nucle ic acids were treated vdth 3 M 

sodium acetate , pH 6 ,0 , at 3 mg RKA/ml, three t i n e s , t o remove 

_„ « W*-** ' -TV,**.* w w ; " * ^ ' ^ T . j ^ i ^ ^ j n j ^ . fMJtjt 
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34 
DMA and s n a i l molecular weight MA. The r ibosonal HIA vms 
washed with 70^ e thanol containing sodium chlor ide (1%) and 
r e p r e c i p i t a t e d from NTS buf fe r . The p r e c i p i t a t e wag d isso lved 
i n 0 .01 M t r i s , pH 7 .4 , 0 .001 M EDTA, 0 .01 M l i th ium chlor ide 
and 0.5/° SDS, l ayered on ton of 2# n l 5-20% sucrose g rad ien t and 
spun in Beckman SW 25.1 r o t o r at 24,000 rpm at S°C f o r ltf h r . 
The peak f r ac t i ons of 2#3 and ltfS RI'A were co l lec ted and RtfA 
p r e c i p i t a t e d and were rerun on t h e sane gradient t o ensure 
p u r i f i c a t i o n . The f i n a l p r e c i p i t a t e was washed with 70% a lcoho l , 
d r ied in a midLgcfrkare, dissolved i n water* and kent f rozen. The 

c o o 

spec i f i c a c t i v i t y var ied 5-# x 1.0 cpra/pg f o r P l a b e l l e d 
HHA and 2-4 x 1 0 6 cpm/pg f o r ^H l a b e l l e d RNA. 

Gel el ect rophore s i s 

Gel e l ec t rophore s i s was performed on polyacrvlamide-agarose 
composite ge l s as descr ibed by Peacock and Dingnan (1963). 
Agarose so lu t ion , 1% in water , 15 ml was refluxed fo r 15 min 
and cooled t o 4#°C and cyanogun s o l u t i o n , 2.5% in (x2 concentra ted) 
buffer , was warmed at 4#°C. Jus t before the gels were poured, 
f r esh ly prepared 10% ammonium persu lpha te s o l u t i o n , 150 u l was 
added t o agarose and T31EB (NNlPN'- tetramethylethylenediamine) , 
12 u l , was added t o cyanogum. Then agarose and cvanogum s o l u t i o n s 
were mixed quickly and thoroughly and poured immediately i n t o 
p l e x i g l a s tubes (0.25 inch diameter and 12 cm l o n g ) . After 
polymerization was comnlete, 1-2 h r , t he ge l s were pushed out 
a t top of t u b e s , the ton 1-2 mm of t h e gel was s l i ced f l a t e with 
razor b lade . A rubber r ing was used t o hold t h e ge l s i n s i d e 
the tubes . The running buf fer contained per 1000 n l t r i s , 10.£g; 
disodium sa l t of EDTA, 0.93g; bor ic a c i d , 5.5g; pH 6 . 3 . 
E lec t rophores is was ca r r i ed out i n cold at 0°C a t constant 
current of 2mA per g e l . The g e l s were prerun fo r one hour . 
HWA Samples were loaded in 20-30% sucrose , conta ining 0.1% 
bromophenol blue as t r a c k i n g marker. After e l ec t rophore s i s the 
gel was s l i ced in 1 ran n ieces with helf) of s t a i n l e s s s t e e l 
r aze r blades stacked toge the r in a s t a i n l e s s s t e e l b lock. 



- ? ? -

Radio -ac t iv i ty was n i n i t o r e d in s c i n t i l l a t i o n counter using 
! A q u a s o l f . For s t a i n i n g the g e l s were f ixed for 30 min i n 
1 M a c e t i c acid and s t a ined •••ith methylene b lue , 0.2$ in f \4 
M sodium a c e t a t e , pH 4 . 5 , fo r 30 min a t room temperature and 
desta ined with severa l changes of 0 .01 II a c e t i c ac id . 

I s o l a t i o n of 3 - t e m i n a l fragments 

Panc rea t i c r ibonuc lease A, snake venon phosphodiesterase 
and b a c t e r i a l a l k a l i n e monoesterase were obtained fron Ttforth inert on 
Biochemical Cjpflb. Ribonuclease T-, was obtained from Calbiochem 
Qj^p. Ribonucleic acid 2#3 or 1#S was d iges ted e i t h e r with Rtfase 
A o r RTJase T-, and 3 - t e m i n a l fragment obtained by two dimensional 

J- f 

diagonal e l e c t r o p h o r e s i s in 7% formic a c i d . The 3- terminal 
diagonal o l igonuc leo t ide was cut ou t , and pur i f i ed on DEAE 
c e l l u l o s e paper in p y r i d i n e - a c e t a t e , p h 3 -5 . The d iges t ion of 
3- te rminal fragment with enzyme o r KOH, and analysis^of J the 
products was done a s descr ibed by Sanger and coworkei #!? 2 

I d e n t i f i c a t i o n of 3 , ( 2 t ) 5 ; - t e r m i n a l nuc leos ide diphosphate 

The r ibonuc le ic ^cid , 2#3 RNA or l3S 3MA, was hvdrolysed 
in 0.33 II KOH at 38°C fo r 13 h r and the d iges t was e lec t rophoresed 
in t h e f i r s t dimension on T7hatman tfo. 540 paper and in t h e second 
dimension on DEAE ion-exchange paper , in p v r i d i n e - a c e t a t e , pH 3 . 5 , 
conta ining 0.001 M EDTA. Alkal ine hydro lys i s r e l eased 3 f ( 2 f ) 5 T ~ 
nucleoside diphosphate from a 5- terminal end of a phosphorylated 
po lynucleo t ide only. The 3 , ( 2 t ) 5-nucleos ide d e r i v a t i v e s move 
more rapidly i n t h e f i r s t dimension than mononucleotides and 
moves slowly on DEAE ion-exchange paper i n the second dimension. 
I t was poss ib le t o confirm th;-? i d e n t i f i c a t i o n of 3 f ( 2 f ) 
5-nucleoside diphosphate d e r i v a t i v e s by co-chromatography with 
known markers pAp, pCp, pGp, pUp and by t h e i r dephosnhob la t ion 
with b a c t e r i a l a l k a l i n e monoestrase. 

L-*mmi»ifmtmmMiismmt0i*milHtoiybili&v v,itfii&£ 
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^ s u i t s and d iscuss ion 

A t y p i c a l d i s t r i b u t i o n of sedimentat ion of IffTA* on 2$ n l 
5-20% sucrose dens i ty g r a d i e n t , a f t e r e x t r a c t i o n of t o t a l nucle ic 
ac ids with 3 M sodiun a c e t a t e , pH 6 .0 , t h a t removed DIJA and low 
molecular weight HEA, i s shown in F ig . 6 A. The peak f r a c t i o n s 
of 28S 3MA and 183 IS; A were co l l ec t ed arx^ rerun on a s i m i l a r 
sucrose densi ty g r a d i e n t . Cross contamination of 28S UNA or 
IBS ittlA, with each o t h e r , as judged by p r o f i l e s in suorose 
dens i ty gradient cen t r i f l iga t ion , was not d e t e c t a b l e , F i g . 6 B 
& C. Ei ther iff?A spec ies , 28S I2-IA or l8S RHA, co l l ec ted from 
t h e peak f r ac t i ons of t h e rerun p r o f i l e s on sucrose dens i ty 
g r a d i e n t , exhibi ted s i ng l e band i n po lyacry lan ide-agarose g e l s 
upon e l e c t r o p h o r e s i s , F ig . 7. No DMA, t r a n s f e r HNA, or o t h e r 
c e l l u l a r contaminant ANA was p r e s e n t . The myeloblast 28 S HP A 
or l8S ffiA obtained f o - t h i s study appeared i n t a c t nnd 
p h y s i c a l l y homogeneous. 

Tritium l abe l l ed myeloblast 283 SPA or l8S RKA was 
hydrolysed i n a l k a l i . The hydrolysa te was desa l ted bv passage 
through Bio Rex-70, ammonium form. A p a r t of the hydro lysa te 
was chromatographed on DEAJ5 c e l l u l o s e nap«?r vrith marker 
nuc leos ides . Each nucleoside was monitored f o r r a d i o a c t i v i t y . 
Since l a b e l l i n g was not uniform in a l l nuc l eos ides , nuc l eo t ides 
from t h e second, pa r t of t h e hydro lysa te were f r a c t i o n a t e d by 
paper e l e c t r o p h o r e s i s , and t r i t i u m in each was es t imated . 
The s p e c i f i c a c t i v i t y of each nuc leo t ide in t r i t i a t e d RtfA was 
ca lcu la ted from the base composition of HI A t h a t was determined 
by c l e c t r o p h o r e t i c ana ly s i s of ^nP l a b e l l e d RNA. The measured 
t r i t i u m a c t i v i t y in each nuc leos ide was corrected t o account 
f o r non-equivalent i n c o r p o r a t i o n , Table, 2. The predominant 
nuc leos ide presen t in KOJ! d iges t of the 28S HI1 A i s u r id ine and 
while t h a t of t h e 18S RNA i s ad enos ine . These nucleos ides could 
a r i s e only from the non-ohosphorylated 3-^nd of the HfJA 
molecules , the re fore the 283 RI'IA has shown 3-terminus t o be 
u r i d i n e and t h e 183 HMA has shown 3-terminus t o be andenosine. 
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Fig, 6 . Sedinentntion of chicken leukemic myeloblast HNA. 
A) '^otal nucle ic acids were extracted with phenol-
sodium dodecyl sulphate method and precipi tated 
with ethanol f.rd treated three times with 3 M 

-so 

sodium acetate . pH 6 .0 . to remove DKA and the J "P 
HNA repreclpitaced and layered on too of 2# ml of 
5-20% sucrose density gradient in 0 ,01 M LiCl, 
0.01 M t r i s , 7.4» 0..001 M EDTA containing 0.5! 
sodium dodecyl sulphate. Oentrifupation w s i n 
Beckman rotor S7 25 .1 , at 24,000 rom at S°C for 
1^ hr. B) -? 2P UNA 2#S peak fract ions were co l l ec ted , 
prec ipi tated vdth ethanol, and rerun in sucrose 
density gradient under conditions described above. 
C) -*ZP HKA IBS peak fract ions were also co l l ec t ed , 
precipi tated with ethanol, and renin in sucrose 
density gradient as described above. 
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Table I I . 

Nucleotides end nucleosides found in KOH hvdrolvsf te of myeloblast RNA. 

RNA preparation Components analyzed KQH hydrolvsate products 

A C G U 
23 25 29 23 
1.9 49.6 7.6 40«9 
66 432 - 399 

$06 244 - lgg 
65 20 - 15 

let.6 27.9 36.6 16.9 
1.9 6.0 7.4 30.7 
- 433 - 1297 
.. 201 - 713 
- 22 , - 7$ 

About 5-10pg RNA (l-2xl0°/cpm) was hydrolysed in 0.33 N KOH 
at 3$°C for lg hr, then 20 ug of each of adenosine, cytidine, gtmnosine 
and uridine were added. The mixture was neurtralized by Bio Rex-70, 
ammonium form. Nucleotides were separated on Whatman No.l. paper in 
pyridine-acetate, pH 3 .5 . Nucleotides and four nucleosides were separated 
on DfcAL-cellulose paper by chromatography. Water was used as solvent• 
The counts obtained for tr i t ia ted nucleosides were corrected for base 
composition, determined using -* P RNA, and expressed as percent of the 
to ta l nucleoside counts present. 

1?S RNA 3 2 p nucleotides (%) 
% nucleotides (%) 
Ĥ nucleosides (cpm) 

corrected Ĥ nucleosides (cpm) 
percentage nucleosides 

2SS RNA 3 2 P nucleotides {%) 
% nucleotides {%) 
H nucleosides (cpm) 

corrected***! nucleosides (cpm) 
•percentage nucleoside 
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Myeloblast ribosonal 3 2 P label led 2#S WA was digested 
with ribonuclease A and the products separated by diagonal two 
dimensional e lectrophores is . A radioautogran of the f ingerprint 
i s shown, Fig . #. The o l igonucleot ide , that appeared on the 
diagonal, e luted by triethylamine bicarbonate buffer and the 
radioactive material dried fron small volumes of water repeatedly. 
The 3-terminal ol igonucleot ide further purified on DEAE c e l l u l o s e 
paper by e lectrophores is in pyridine-acetate , pB 3 . 5 . The 
mononucleotides released upon digest ion of the o l igonucleot ide 
material in 0 .2 N KaOH separated on Wiatman No. 1 paper, located 
by radioautography and analysed by means of s c i n t i l l a t i o n counter. 
A part of the ol igonucleotide material digested with snake 
venom phosphodiesterase and the products separated by 
e lec trophores i s . The proportions of hydrolysis products, 
released upon NaOH or snake venom phosphodiesterase d iges t ion , 
i s shown in Table 3. The sequence of nucleotides in the 
3-terminal fragment could be written,-PypApGpGpTj^# The digest 
of ribonuclease T of 3 2 P label led 2#S RNA f a i l e d t o show the 
presence of any oligomer that could migrate at the diagonal 
upon e lectrophores is and t h i s could be only true of 3 - t e m i n a l 
o l igonucleot ides with guanosine residue at penultimate p o s i t i o n . 

Myeloblast ribosonal -* P label led 18*3 HNA was digested 
with ribonuclease T- and the hydrolysis products separated by 
diagonal two dimensional e lec trophores i s . A radioautogran of 
the f ingerprint i s shown in F ig . 9 . The 3-terminal o l igonucleot ide 
was digested vdth a lka l i snake venom phosphodiesterase and 
pancreatic ribonuclease A; and the comparison of hydrolys is 
products of each reaction separated by e lectrophores is , Table 3» 
This provided evidence for the sequence-OpCp(2Cp, 2ApUp, 2Up) AQH# 

The 3-terminal ol igonucleotide lacked guanylic acid and t h i s 
could only be true of / -terminal ol igonucxeotide. 

Terminal j{£) 5-nucleotide diphosphate from alkal ine 
hydrolysate of myeloblast ribosomal HHA were separated by two 
dimensional e lectrophoresis f i r s t on Ĵhatman No. 540 paper and 

l l»Mfl1lW'l l»IWhMI.^WI.I-f .lllllll ll.ii I , I I, ,, I i l — i — — W W W W I " • • •—"= .»»*»*.„_«,.-,.,•. 
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Hg. 7 . Gel e lectrophores is of 3 2 P HKA 2$S and 5 2 P RNA l3S* 
The peak fract ions of 2#S and 1#S RNA co l lec ted 
from sucrose density gradient run, and e l e c t ronho re sed 
on agarose - acrylamide, 0 .5# agarose and 2.5# 
cyanogum 41 , ge l columns, 11 .1 cm long and i inch 
in diameter. Electrophoresis was at 2mA per ge l 
column* Escherichia co l i RtfAs, 23 S, l6S 5S, 43 
were used as markers, indicated by arrows. After 
e lectrophores is the g e l s were frozen in hexane, 
cooled in dry ice and cut into Iram p ieces on a 
s l i c e r made of s t a i n l e s s s t e e l blades stacked in 
s t a i n l e s s s t e e l blocks^ 3ach s l i c e was treated with 
0 , 1 ml of hydrogen peroxide at 50°C.and counted in 
10 ml of 'Aquasol 1 s c i n t i l l a t o r . The g e l s , run 
with marker HI? A, i\rere stained with methylene blue 
0.2$ in 2,4 II sodium acetate , pH 4 . 5 , and 
dif ferent iated r*ith several changes of 0 . 1 M acet ic 
acid. 
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Phosphatase diagonal of ribonuclease T- digest of 
^ RNA l6S. F irs t dimension i s ribonuclease T^ 
digest ionophores^s and second dimension i s a f t er 
phosphatase treatment ionophoresis . About 10 ug 
HKA (4-5 x 10 o.Vt was digested in 0 . 1 I? t r i s , pH 
7 .2 , 0.02 M EDTA with acid treated ri bonudease T 1 

(1 mg enzyne/nl in O.GUl t r i s , 0H 7 ,2 , 0.02 M EDTA 
was ac id i f ied by rddition of 0,05 vo l of IE nCI and 
incubated for 10 nin at 37°C and the solut ion was 
then neutralized by addition of 0 . 1 vol of 1M t r i s , 
pH 7 .2 , plus 0 05 vol of U* KaOK). The substrate 
t o enzyme rat io was, 10:1, incubated at 3?°C for 30 
min. Tho digest i-ns subjected t o ionsphoresis on 
15 x 65 cm D3A2- ce l lu lose naper in 7% formic a d d 
at 600 V for 14 hr. The radioact iv i ty was located 
by radioautography and the s t r i p , abort* 2 cm wide, 
was cut out. The s tr ip was placed on a g lass 
chromatographic trough and soaked with alkaline 
phosphatase, 20 iJ/nl concentration in 0.5 -M (AH*) H00-, 
0,025 M UgSO^, 0.0001 } \ ZnSO ,̂ at 1 ml ner 1 x 30 cm 
s tr ip paper; and ircubated at 37°C for 2 hr in 
water s a t u r a t e atmosphere. After dephosphorvlation 
the s tr ip wag washed off s a l t s with i*ater, dried 
and sewn onto a DEAJL c e l l u l o s e paper, 46 x 60 cm, 
and ionophoresis rma performed at right angle t o 
the f i r s t dimension. T^e arrot* ind ica tes the 
diagonal 3 OH terminal fragment. 
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Fig* 9* Phosphatase diagonal of ribonuclease A digest of 
T̂> 31A 2#S. F irs t dinension i s ribonuclease A 

digest iononhoresis and second dimension i s a f t er 
phosphatase treatment ionophoresis . About 10 jig 
HNA, 4-5 x 10 cpm, vas digested with ribonuclease 
A, substrate t o enzyme r a t i o , 10:1 , for 3 hr at 37 C 
in 0 .02 M t r i s , pK 7 .4 , 0.002 H EDT.<\. The remaining 
treatment was exactly the sane as described for f i g . £. 
The arrow ind ica te s the diagonal 3 OH terminal fragment. 
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Table I I I . 

r 

Base composition of 3- terminal o l igonuc leo t ide 
of 2#S rRNA from a p a n c r e a t i c r ibpnuclease A 
d i g e s t , and basr composition of 3- te rminal 
o l igonuc leo t ide of l£S rRNA from a T-^ RNase d i g e s t 

RNA component 

2 63 

i d s 

NaOH 

lAp 

2Ap 
3Gp 
4Up 

VPDL RNase A 
2pG 

w 
3pA 2Up 
2pC 2ApUp 
4pU 3Cp 
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Table IV I 

Terminal nuc leot ides of ribosomal RNA 

Source 

Avian myeloblasts 

L-Cel l s 

itabbit r e t i c u l o c y t e s 

Component 5-terminus 3-terminus •feference 

ids p C ~ —GC (AU) 

2tfS pG— — P Y A G G U O H 

IBS pU~ - - % { 
2BS p C - " U 0 H 

IBS - —GAUCAUUA 

2BS —GUUUGU n „ 

2 v W 2 V U , 2 A Q H 

OH 

35 

35 

36 

36 

E . c o l i . 16S 

23S 

pAAAUG— 

pGGU— 

37 
—GAU (AC) ( C ) 4 ( I I ) 3 L0H 3B 

37 
—GCUUAACCUU0H 39 
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second on DEAE c e l l u l o s e naper . Analysis of a l k a l i n e hydro lysa tes 
of J P l a b e l l e d 2#S RHA shotted only one r a d i o a c t i v e spot 

# 

corresponding t o a guanosine 3 f ( 2 f ) 5-d iphosphate . "Hie i d e n t i t v 
of guanosine 3 T (23) 5-diphosphate was confirmed by t r ea tmen t 
with b a c t e r i a l a l k a l i n e monoestrase, vrhich r e su l t ed i n complete 
dephosphorylat ion of pGp. Analys is of a l k a l i n e hydro lysa te s 
of the ribosomal 1#3 Mk component showed only one snot 
corresponding t o pGp. The recover"/ of t he pCp in two experiments 
was calcula ted t o be one no le p e r 17#0 nuc leo t ides and one 
more p e r 2241 n u c l e o t i d e s , corresponding t o nn approximate 
molecular weight of 183 HI A of 0.53 rmd 0 .67 x 10 in each 
case . 

The published ribosomal rflTA t e r m i n a l seouence^ for 
comparison are l i s t e d i n Table, 4» The 5-end i s phosnhorvlated 
i n a l l HTIA spec ies , but no cons i s t en t t e rmina l nuc leo t ide i s 
seen. AvLbosonal l#S IcTiA a l l t e rmina te at t he 3-end predominantly 
in adensoine while r ibosonal 2#S RI1A te rmina te in u r id ine . . 
Only a few f e a t u r e s are coiimon and the homology bevond t h i s 
point i s d i f f i c u l t t o see* 
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SUMHARY 

I t i s shown t h a t qua l i t y of AMV HMA depends on t h e 
t ime i n t e r v e l f o r h a r v e s t s of v i r u s from t i s s u e c u l t u r e . 
AMV RMA i s o l a t e d from t h e v i r u s harvested a t 6 n r i n t e r v e l , 
on heat d i s s o c i a t i o n , show smaller fragments than 353 HHA 
prerumably due t o r ibonuclease a c t i o n . 65S AHV JttTA i s an 
aggregate s t r u c t u r e made of 35S RNA s u b u n i t s . Alkal ine 
Hydrolysis of 65S or 35 S 5H AMV Ml A documents t h a t 3 - t e ro ina l 
i s predominately adenosine . Analyses of KOH hydrolysa te of 
ribosomal HMA of chicken leukemic myeloblas ts gave about 1 
mole of cyt id ine 3 ( 2 ) , 5-diphosphate and 1 mole of adensoine 
f o r l8S HHA and s i m i l a r analyses f o r 2#S HE A gave only 
guanosine 3(2)—diphosphate and u r i d i n e . Analyses of 
3 - t e rmina l o l i gonuc l eo t ides ind ica ted t h a t nuc l eo t ide sequence 
of 18S rHNA is-~GC (AU) 2 (C) 2 (U) 2 A Q H and nuc l eo t i de sequence 
of 2SS rHNA i s - **yAGCUOH. 

0 
J» 
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iPPEJIDIX I 

Basal medium 

NaCl " 
KC1 
CaCl ?( anhydrous) 
MgS0^.7H2O 
NaH^>O4.H20 

+MaHC03 

Glucose 
1-Serine 
1-Prol ine 
1-Hy droxylprolin e 
Glycine 

^Aspar t ic ac id 
*Glutamic acid 
*Adenosine 
Phenol red 
Amino acid x 100 {31) 

**Vitamin mixture 
***i t nt inycot ic 

Streptomycin sulphate 
P e n i c i l l i n G 
Water (double d i s t i l l e d ) t o 
Adjust pH with HaOH t o 7.4 

6.8 gr* 
0.4 m 
0.2 gm 
0.1 gm 
0.125gm 
0.2 gn 
2.0 gn 
30 ng 
40 mg 
10 mg 
50 mg 
30 mg 
60 mg 
20 mg 
16 mg 
40 ml 
40 ml 
1 ml 

0.5 gm 
250,000 units 
1000 ml 

+NaHC0~: d i s s o l v e separa te ly and add l a s t . 
o *Hard t o d i s s o l v e : d i s so lve s e p a r a t e l v in water a t 45 C in 30ml of 

HaOH. 
**Vitanin mixture s tock: thiamine hydroch lor ide , 200m*; r i b o f l a v i n , 

pyr idoxine hydroch lor ide , 200mg; f o l i c ac id , 200mg; b i o t i n , 20mg; 
Nicotinamide, 200mg; choline c h l o r i d e , 200mg; i n o s i t o l , 350mg; 
pan to then ic a c i c , 200mg; and wa te r (double d i s t i l l e d ) t o lOOOral. 

***Antimycotic (N-butyl-P-hydroxybenzoate)stock: d i s so lve 200mg 
ant imycot ic p e r 1000ml and autoclave a t 15 l b p re s su re f o r 10 min. 

S t e r i l i z e t h e medium by passage through m i l l i p o r e f i l t e r . 
Growth medium 

To 88ml of basal medium i s added 2ml of 10$ g l u t a n i n e ( s t e r i l i z e d 
passage through mi l l i po re f i l t e r ) , 5 m l of i n a c t i v a t e d f o e t a l ca l f 
and 5^1 of i n a c t i v a t e d chicken serum. 

20m#i 

by* 
serujh 
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APPSNDIX II 

Buffer saturated phenol 

1. Melt phenol in 50°C water bath and pour #50ml 
into 2000ml cylinder with glass stopper, 

2. Add an equal volune of double d i s t i l l ed water. 

3 . Add 90nl of saturated t r i s base to adjust pHd.O. 

4. Add 3.6ml of 0.5*1 SDTA (final concentration 10"%). 

5- Add 4ml ^-nercaptoethanol. 

6. Invert cylinder 10 ninutes, allow to separate in the 
cold room, aspirate water layer from top. 

7. Wash phenol with an equal volune of NTS buffer 
(0.1*1 NaCl, O.Otfl tris-HCl, pH8.5, O.OOitf EDTA), 
two time* Invert 5 minute each t ine , allot* to 
separate in cold room and aspirate from top each time. 

6. Add an equal volune for fresh buffer to the phenol 
and add 0.1^ (of total volune) fi-nercaptoethanol* 
Invert to nix and pour into marked 'Phenol1 bott les . 
Store in refrigerator. 
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