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ABSTRACT

A modification of the known method for obtaining radioactive finger-
prints from non-radioactive nucleic acids by labelling a digest with 5'-
hydroxyl polynucleotide kinase and Iv- pj -ATP has been applied to RNase
Tj digests from various high molecular weight virus RNAs and to ovalbumin
mRNA. Fractionation of the resultant [32pj-labelled T RNase digests by
two-dimensional polyacrylamide electrophoresis demonstrates that in the
case of virus RNAs, the fingerprints thus obtained are very similar to those
derived from uniformly labelled RNAs.

The value of this technique is that it requires only 1 - 5 u.g of puri-
fied virus RNA and at least three orders of magnitude less radioactivity
than is routinely employed in preparing uniformly labelled RNA.

INTRODUCTION

The mapping of large Tj RNase resistant oligonucleotides by homo-

chromatography and more recently by two-dimensional polyacrylamide gel

electrophoresis has greatly facilitated the biochemical analysis of a variety

of virion RNA and viral messenger RNAs (mRNA) . In both techniques

the fractionated T. oligonucleotides are located by autoradiography making

the avalibility of highly labelled RNA a pre-requisite. As previously recog-

nised by Szekely and Sanger , however, not all RNAs can be labelled to a

high enough level for fingerprinting studies by uniform labelling with

carrier-free P orthophosphate in vivo. Some of the major groups of

RNA viruses, such as the myxoviruses, paramyxoviruses and several

groups of RNA tumour viruses, together with most mRNAs, fall within this

category. Szekely and Sanger have demonstrated that digests of non-

radioactive nucleic acids with a free 5'-OH can be labelled to high specific

activity with the aid of polynucleotide kinase using |y- pj ATP as
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phosphate donor. Although this technique has been.used successfully to

label RNase T oligonucleotides, of tRNA and 18S ribosomal RNA.of short and

intermediate length ' ' ' and more recently to label viroid RNAs

it has not been used to study high molecular weight RNAs such as virus and

mRNAs.

In this paper a modification of the Szekely and Sanger technique using

commercially available polynucleotide kinase and ly- pi ATP has been

employed to label T RNase digests of microgram amounts of RNA from two

picornaviruses and from two serotypes of vesicular stomatitis virus (VSV).

The large oligonucleotides present in each preparation were resolved by
18, 5

two dimensional polyacrylamide gel electrophoresis and the resultant

maps compared with those given by T digests of the corresponding uniformly

labelled virus RNA. The fingerprints obtained using the kinase technique

gave essentially the same characteristic pattern of large T. oligonucleotides

as that given by T digests of uniformly labelled RNAs. Some obvious

differences between the fingerprints obtained using the two labelling tech-

niques were apparent, however, possibly due to some preferential activity

of the polynucleotide kinase enzyme. The kinase technique has been

successfully applied also to RNase T digests of ovalbumin mRNA.
f 32 1

From this study it is evident that PNK- \y- P ATP labelling
32

allows a reduction of several orders of magnitude in the amount of P

required for the analysis of T digests of large molecular weight RNAs.

Furthermore the technique should prove useful in the analysis of other high

molecular weight virus RNAs and mRNAs that hitherto have been difficult

to label to sufficient specific activity in vivo.

MATERIALS AND METHODS

Viruses

Encephalomyocarditis virus (EMC) and bovine enterovirus strain

VG-5-27 (BE) (from the same stock used in previous studies ' ' ) were

propagated at 37°C, in Krebs ascites cells and BHK 21 cells, respectively,

as described in detail previously ' . The New Jersey and Indiana sero-

types of vesicular stomatitis virus (VSV),obtained originally from Dr. C.

Pringle, Institute of Virology, Glasgow, were both grown at 32°C in
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Eagle's medium on monolayere of Vero cells

Preparation and purification of non-radioactively labelled virus

EMC and BE virus. EMC virus was purified according to Frisby, Cotter

and Richards and BE according to Brown and Cartwright

VSV serotypes. The VSV serotypes were prepared and purified as described

below for uniformly F - labelled VSV.

Preparation and purification of uniformly labelled P — viruses

EMC and BE virus. Uniformly P-labelled EMC and BE virus were
, . , . , , .^ , . 5,19,20

prepared and purified as described previously
4

VSV serotypes . Monolayers of about 2 x 10 Vero cells in 90 mm plates

(Nunclon) were infected at 1 p.f .u. /cell with the New Jersey or Indiana sero-

type of VSV in 2.0 ml of complete phosphate buffered saline (PBS) contain-

ing 1% (v/v) foetal calf serum. After adsorption for 60 min at 32°C, the

monolayers were washed and then finally overlaid with 4. 0 ml of phosphate-

free Eagle's medium supplemented with 5% (v/v) FCS. The cells were

incubated at 32 °C until 1 h post-adsorption when ^ Pj orthophosphate

(Radiochemical Centre, Amersham, Bucks, U.K.) was added to a final

concentration of 250 uCi/ml. The incubation was then continued overnight

at 32°C.

Overnight harvests from both P-labelled VSV serotypes were

centrifuged at 12, 000 g for 10 min and the virus pelleted from the supernatant

at 100,000 g for 1 h. The virus pellets were resuspended in 0.02 M Tris-

HClpH7.5, O.lOMNaCl, 0. 001 M EDTA (TNE pH 7. 5) layered on to 5. 0

ml 20-60% (w/w) linear sucrose gradients (in TNE pH 7.5) and the gradients

centrifuged at 270, OOOg for 1.5 h. at 2°C. The gradients were fractionated

into 0.5 ml fractions and 20 ul aliquots taken into 5.0ml Aquasol (New England

Nuclear). Radioactivity was determined in a Packard Tri-Carb scintillation

counter.

Preparation of virus RNAs

Both labelled and unlabelled virus RNAs were prepared in the same

manner. Pooled peak fractions from sucrose gradients were made 1.0%(v/v)

with SDS, extracted three times with phenol/chloroform/isoamylalcohol

(50: 50:1, PCI) and twice with chloroform/isoamylalcohol (50:1, CI) alone.

Carrier RNA (tRNA, 10 ug/ml, BDH, Poole, Dorset, U .K. ) was added to
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the aqueous phase of P-labelled RNAs before precipitation with 2.5

volumes of cold ethanol in the presence of 0.1M sodium acetate. Unlabelled

RNAs (at>2 ug/ml) were precipitated in the absence of any carrier tRNA.

Precipitation was at -20°C overnight or (in the case of low RNA concentra-

tion at -70°C for at least 1 h). The precipitated RNA was finally collected

by centrifugation at 20,000 g for 20 min and dried in vacuo.
32

T RNase digestion of uniformly labelled P-RNAs

P-labelled virus RNA precipitates were resuspended in 20 |il

0.02 M Tris-HCl pH 7.5, 0.002MEDTA, 5(J of T RNase (Sankyo, Japan,

1 mg/ml) added to give a final enzyme : substrate ratio of 1 : 20 and the

solution incubated in a sealed capillary for 40 min at 37°C. The samples

were then dried in vacuo, resuspended in 12 \il 9 M urea plus 8 ul tracker

dye (50% sucrose, 5 M urea, 0.2% (w/v) bromo-phenol blue, 0.2% (w/v)

xylene cyanol), and 15 |xl of this sample applied to the first dimension of the

two dimensional gel.

Ribonuclease T and bacterial alkaline phosphatase digestion of unlabelled

RNAs

Unlabelled RNA precipitates (in 5 ng aliquots) for the kinase reaction

were resuspended in 5 ul of 0. 02 M Tris-HCl pH 7. 8, 2. 5 pi of T RNase

(0.1 mg/ml enzyme : substrate ratio 1 : 20) and 1. 0 jil of bacterial alkaline

phosphatase (BAP . FS, Worthington Biochemical Corporation, 0.1 mg/ml;

enzyme : substrate ratio 1 : 50) added and the mixture incubated for 40 min

at 37°C. The reaction was stopped by diluting to 200 \i\ with 0.2 M NaCl,

1% SDS and extracting the T./BAP. FS digest three times with PCI and

twice with CI. The extractions were performed in Beckman microfuge tubes

with-'lO sec. spins in the Beckman microfuge to separate the phases. The

aqueous phase was finally lyophilised.

5'-terminal labelling of T oligonucleotides

Polynucleotide kinase (P-L Biochemicals) was used in all the experi-

ments described in this study. This commercial preparation contains

contaminating levels of RNase, a problem which was overcome in this study

by the use of short incubation periods together with the inclusion of a poly-
24

amine . The use of ribonuclease-free polynucleotide kinaae, whenever
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17 24
possible, is strongly recommended

ATP (20uCi, specif ic act iv i ty>7, 000 Ci/mmolejNew England Nu-

clear Corporation) was lyophilised from 100 ul aliquots of distilled water three

times before resuspension in 33 ul of denaturation buffer (5 mM Tris pH

7.4, O.OlmMEDTA 3Na, 0.2mM apermidine). Lyophilised T and BAP.

FS digests (5 ug) of RNAs were resuspended in 10 ul of denaturation buffer,

heated in sealed capillaries for 10 min at 85°C and immediately chilled in

ice-water. The RNA digest was then added, together with 5 ul of 10 x kinase

buffer (0.5M Tris-HCl pH 7.4, O.lMMgCl , 0. 05 M dithiothreitol, 50%
r 32 1

glycerol) to the \jy- Pj ATP which had been transferred to a Beckman micro-

fuge tube. The reaction was started by the addition of 2 ul of polynucleotide

kinase (1 unit/ u-1, P-L Biochemicals Ltd), to the centre of the reaction mix

making a final reaction volume of 50 ul. Incubation was for 4 min. at 37°C.

The reaction was terminated by the addition of 100 ul, 1 M ammonium

acetate, 10 ul 10% (w/v) SDS and 20 ul 0.1 M EDTA. After mixing well with

the aid of a vortex mixer and centrifuging (~5 sec) in the Beckman microfuge,

10 ul of tRNA 10 mg/ml BDH Ltd., Poole, Dorset) was added as carrier.

The solution was then extracted three times with PCI and twice with CI

before precipitation of the aqueous phase with 2. 5 volumes of absolute

alcohol in the presence of 0.1 M sodium acetate. Samples were left at -20°C

overnight or for 1 h at -70°C to allow full precipitation of the T oligonucleo-

tides before lyophilisation. The samples were finally resuspended in 12 ul

9 M urea plus 8 ul tracker dye in preparation for two-dimensional gel

electrophoresis.

Two-dimensional polyacrylamide gel electrophoresis of oligonucleotides

Two-dimensional polyacrylamide gel electrophoresis was performed
18 5

using the method of De Wachter and Fiers as modified by Frisby e£ aK,

Samples were heated for 1 min at 60°C in 6M urea before application to the

first dimension gel in order to eliminate any possible annealing or aggrega-

tion. Autoradiography was performed as described by Frisby _et _aK ,

Autoradiography was usually for 6 h in the case of PNK [̂  P-J ATP -

labelled preparations compared with 24 h for in vivo labelled preparations.

2979

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/4/9/2975/1030138 by guest on 20 M

arch 2024



Nucleic Acids Research

RESULTS

Fingerprints of picornavirus RNA

EMC

As may be seen from Fig. 1 the fingerprint obtained by labelling a

cold T/BAP.FS digest of EMC-RNA with [y- Pj ATP and polynucleotide

kinaee (PNK, Fig. la and c) is very similar to that obtained from a T

digest of uniformly labelled EMC-RNA (Fig.lb and d). It is apparent, how-

ever, that although qualitatively similar, there are quantitative differences

between the fingerprints obtained by the two methods. For example, it is

clear that oligonucleotides 1 (the poly C-tract), 14 and 29 give spots of low

intensity. One qualitative difference was evident also, namely the appear-

ance of an oligonucleotide, with a mobility between that of oligonucleotides

4 and 10, in the kinase labelled preparation that has not previously been

encountered on a routine basis in uniformly labelled preparations.

BE

A comparison of the finger pint obtained from a PNK - v- P ATP-

labelled T^ and BAP.FS digest (a, c) of BE-RNA with that of a uniformly-

labelled T^digest (b,d) is shown in Fig. 2. In the case of this picornavirus

RNA the quantitative differences between the two fingerprinting techniques

are more apparent than with EMC RNA and oligonucleotides 4, 5, 6, 7, 8, 11,

20, 30 and 33 have been poorly phosphorylated (oligonucleotide 6 being only

visible upon direct examination of the autoradiograph). Qualitative differ-

ences are evident between the comparative fingerprints of BE-RNA also,

oligonucleotides 1, 13 and 31 being completely absent from the kinase labelled

fingerprint. Oligonucleotide 10 (see Fig. 2c) appears to have run differently

in the in vitro labelled preparation. Again several additional spots, not

present in fingerprints of in vivo labelled BE-RNA were observed in the end-

labelled preparation. Such additional spots are indicated in Fig. 2c by

single hatching.

Fingerprints of VSV-RNAs

VSV Indiana serotype

Figure 3 shows fingerprints of a cold VSV Indiana serotype RNA
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preparation digested with T RNase/BAP.FS and phosphorylated with poly-

nucleotide kinase (Fig. 3a) and of a RNase T -digest of uniformly labelled

RNA preparation (Fig. 3b) together with direct tracings of the respective

autoradiographs (Fig. 3c and 3d). Upon close examination it is evident that

raoBt of the characteristic T products labelled with PNK- I y- pj ATP

present in the fingerprint shown in Figs. 3a and 3c have migrated to approx-

imately the same position as their counterparts in the fingerprint of in vivo

labelled T oligonucleotides (Fig. 3b and 3d). Several oligonucleotides

(namely spots 3, 8, 15, 17, 18, 20, 21, 36 and 38) have been poorly phosphorylated

in the PNK- I-y- P ATP preparation and oligonucleotide 27 appears to

remain unphosphorylated.

VSV New Jersey serotype

Comparative fingerprints of a PNK- I y- Pj ATP labelled T /BAP.

FS digest of VSV New Jersey serotype RNA (a, c) and of a uniformly-labelled

T digest (b,d) are shown in Fig. 4. Although detailed scrutiny reveals that

the fingerprints obtained by the two different approaches are qualitatively

similar, quantitative differences due to incomplete phosphorylation of

several nucleotides (namely, 2, 5, 6, 8,11, 22, 31, and 32)in the PNK - [y- PJ

ATP preparation are again evident. Furthermore, three oligonucleotides

present in the fingerprint of in vivo labelled VSV New Jersey serotype RNA

(Fig. 4b and d) are completely absent from the in vitro preparation (spot

numbers 1,18 and 29 Fig. 4a and c). It would also appear that there is some

discrepancy in the area of spot 23.

The in_ vivo labelledT fingerprints of the two VSV serotypes studied

(Indiana and New Jersey) are, as might be expected, easily distinguishable

from one another. Several characteristic T oligonucleotides from their

position on the fingerprint alone, could possibly be common to both the

New Jersey and Indiana serotypes. Further analysis by pancreatic digestion

of the in vivo products and/or partial digestion with snake venom phospho-

diesterase of the in vitro products would be necessary, however, to confirm

that these oligonucleotides are indeed common to both the VSV serotypes

studied.
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2nd

• 1

Figure 1.- Autoradiographs of bidimensional polyacrylaxnide gels of the
ribonuclease T oligonucleotides of EMC-RNA labelled (a) in vitro with PNK
and [y- PJ ATP (b) in vivo with ° P] - orthophosphate. Tracings of the
top half of the autoradiographs are shown in (c) and (d) to provide a guide for
comparison. The numbers refer to those oligonucleotides that have pre-
viously been subjected to RNase A digestion with the exception of spots
37-45. Oligonucleotides in (c) marked O are common to both fingerprints;
® , are those that have been incompletely phosphorylated in the PNK-k-
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b.

= 0 1

8 8
320
330

p] ATP reaction; 9 , tho«e that appear in the fingerpint of in vitro labelled
reaction but are absent from the in vivo labelled fingerprint and 9 . those
that are present in the uniformly labelled fingerprint but which appear to be
completely absent from the fingerprint of in vitro labelled T oligonucleotides.
The origin ( O ) i8 a t the top left hand corner and the arrows indicate the
direction of electrophoresis. The streak is the heterogeneous poly (A) tract
described previously^'°.
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1st a.

2nd

c.

. 7 8
* o o

13 14

e 10
11

20

29

"PSJ

Figure 2 . Autoradiographs of bidimensional polyacrylamide gels of the
ribonuclease T oligonucleotides of BE-RNA. The assignments of (a), (b),
(c) and (d) and other details are as given in Figure 1. The numbers have

2984

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/4/9/2975/1030138 by guest on 20 M

arch 2024



Nucleic Acids Research

d.

9 o 11

«"°°I 020
15 ,

29

34
21O

3«
MO

40

been assigned arbitrarily to aid in comparison of the fingerprints. The key
to the shaded spots in (c) is given in the legend to Figure 1. The streak i s
the heterogeneous poly (A) tract described previously .
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36
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Figure 3. Autoradiographs of bidimensional polyacrylamide gels of the
ribonuclease T oligonucleotideB of VSV Indiana RNA. Assignments of (a),
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b *
15

7O

12O

13O

36

O30
O31

(b), (c) and (d), the convention for shading of the spots in (c)and other
details are as given in the legend to Figure 1.
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P -•-1st

2nd

o
3O \

9 0 S521

5&

70 £« O
12 D 19O O25

13O

200

• 3 2

2 6 °
Figure 4. Autoradiographs of bidimensional polyacrylamide gels of the
ribonuclease T oligonucleotides of VSV New Jersey RNA. Assignments of
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3 O

«O

•0 12

130
2«O

(a), (b), (c) and (d), the convention for shading of the spots in (c) and other
detiale are as given in the legend to Fig.l.
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Fingerprint of ovalbumin mRNA

Ovalbumin mRNA was subjected to combined T RNase and BAP.FS

[ 32 "I
Y- P ATP and PNK and the labelled

digest fractionated by bidimensional polyacrylamide gel electrophoresis as

described in the Methods section. Figure 5 shows a photograph of the result-

ant autoradiograph. The complexity of the fingerprint is that expected of a

molecule of molecular weight approximately 650, 000 with several oligo-

nucleotides («"*15) in the 10-25 nucleotide size range. The longest oligonucleo-

tide is estimated, from its position on the gel, to be about 30 nucleotides

in length.

2nd

Figure 5. Autoradiographi of a bidimensional polyacrylamide gel fraction-
ation of the T RNase oligonucleotides of ovalbumin mRNA labelled in vitro
by the PNK- |y- PJ ATP method. The origin and directions of electrophor-
esis are as given in the legend to Fig.l.
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DISCUSSION

In this paper the potential usefulness of the in vitro phosphorylation

technique of Srekely and Sanger for obtaining fingerpints of high molecular

weight virus and messenger RNAs has been explored. Virus RNAs that

label to high specific activity in_ vivo were chosen for this study so that

fingerprints obtained using the in vitro labelling technique could be compar-

ed directly with those derived from uniformly labelled RNAs. In the in

r 32 "I r 32 I

vitro phosphorylation technique the v- P from v- P ATP is enzymatic-

ally transferred to free 51 hydroxyl groups of unlabelled oligonucleotides

(derived from a combined T RNase and bacterial alkaline phosphatase

digest) with the aid of polynucleotide kinase from T . - 'phage infected E. coli

Successful application of this technique would allow fingerprint and at least

partial sequence analysis of RNAs from human influenza virus strains,

measles virus, various retroviruses and also mRNAs, all of which are

insufficiently labelled in vivo and/or subject to limited availability.

Fingerprints were prepared from T RNase/BAP.FS digests of two

picornavirus RNAs and the RNAs of two VSV serotypes using the in vitro

phosphorylation method of Sz^kely and Sanger and compared with finger-

prints of uniformly labelled T digests of the corresponding RNAs in vivo.

The comparison demonstrated that the in vitro labelling technique yielded

representative T fingerprints thus providing an economical yet efficient

way of preparing T fingerprints of high molecular weight RNAs. AB a

few differences were encountered in some preparations,however, it would

seem advisable, where possible, to obtain an in vivo labelled T fingerprint

as a guideline in the first instance. The in vitro phosphorylation technique,

as described in this paper, has been successfully applied also to two other

enterovirus RNAs namely poliovirus and swine vesicular disease virus

(T.Harris, personal communication). In each case the pattern of large

characteristic T̂  oligonucleotides obtained was indistinguishable from the

pattern derived from digestion of the uniformly labelled RNA. It is also of

crucial importance when employing this technique to use RNA of the highest

purity and structural integrity and to ensure that any RNase activity contam-

inating the PNK enzyme is removed or inactivated.
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The quantitative differences (judged by the lack of corresponding

intensity of spots from one fingerprint to another) noted between T oligo-

nucleotide maps derived from in vitro and in vivo labelling are presumably

due to incomplete phosphorylation of several oligonucleotides by the PNK

enzyme. The reasons for this are unclear, however, it is evident from the

random distribution of the incompletely phosphorylated oligonucleotides on

the fingerprints that the effect is not related to size or base composition.

The possible effect of secondary structure of the RNA in this respect cannot

be discounted but would appear remote as (i) some quite short oligonucleo-

tides are effected and (ii) the phosphorylation is performed after heating

the RNA at 85°C for 10 min in denaturation buffer. Qualitative differences

between fingerprints obtained from T RNase digests labelled in vitro and

those derived from digests of uniformly labelled RNA were less frequent

than quantitative differences but, nevertheless, regularly occurred. The

reason(s) for these discrepancies again are unclear although preferential

activity of the PNK enzyme, incompletedephosphorylation and blocking of the

5' hydroxyl are all possibilities.

In the case of BE-RNA, three oligonucleotides (marked 1,13 and 31

remain totally unphosphorylated in the PNK- v- P -ATP reaction. In a

previous study one of these (marked 1) had been shown to have a base com-

position inconsistent with its position in the two-dimensional gel . The

reason for the anomalous migration of this oligonucleotide was not clear
25 26

at that time. Recently, however, both Lee eta±-t and Flanagan et al..

have reported that the 5' terminus of poliovirion RNA is blocked with a
26

protein. Furthermore Flanagan et al.. demonstrated that treatment of

virion RNA with T RNase alone generated a proteinase K-sensitive oligo-

ribonucleotide of the structure,protein - pUUAAAACAG. The composition

of the anomalously migrating spot 1 of BE-RNA is 1 AAAAC, 1AG, 2-3U ,

the exact composition expected from a pancreatic RNase digestion of the

blocked 51 terminal T RNase oligonucleotide of poliovirion RNA. It is

proposed, therefore, that oligonucleotide 1 is the blocked 5' terminal T

RNase oligonucleotide of BE-RNA and that it is identical to the 5'-terminal

T oligonucleotide of poliovirion RNA. The fact that this oligonucleotide is

not phosphorylated with polynucleotide kinase would then be explained by the
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presence of a blocked 51 hydroxyl. The lack of in vitro phosphorylation of

oligonucleotides 13 and 31 of BE-RNA and of various other EMC and VSV

oligonucleotides (see above) cannot be so readily explained. Poor phosphor-

ylation of the poly C tract of EMC-RNA would not appear to be due to its

homopolymeric nature since synthetic poly r C alone is labelled to the expect-

ed extent (unpublished observations).

Some fingerprints obtained by the in vitro labelling method consist-

ently yielded one or more additional spots. Similar observations were noted

by Szekely and Sanger and these authors comments apply equally to this

study. It is also feasible that trace levels of contaminating RNA could

contribute T RNase oligonucleotides which are preferentially phosphoryl-

ated. It would seem unlikely that auch additional spots are due to T RNase

overdigestion as similar spots have not been observed in in vivo P prep-

arations even when picornavirus RNAs have been digested to completion.

The T oligonucleotide map of ovalbumin mRNA obtained by the
f 32 T

PNK- -y- P ATP technique has the expected complexity of an RNA of *+*
27

1900 nucleotides in length with at least 15 large characteristic oligo-

nucleotides. From its position on the two-dimensional gel the spot marked

with an arrow in Figure 5 possibly represent the run

UUCCUUUAAUCAUAAUAAAAACAUGp
32 8 3 '

present in the 3' sequence of ovalbumin mRNA as determined by Cheng

28 27
et a_l., . Woo e± al. , have also published a T oligonucleotide map of

125
ovalbumin mRNA. These authors used in vitro labelling with I and

fractionated the oligonucleotides using homochromatography. It is difficult,

therefore, to make any direct comparison of the two T maps. Furthermore,
125

I-fingerprints are difficult to interpret and hence of somewhat limited
29

use as has been discussed previously by other authors . Iodination of RNA

also requires more than a 5-fold greater amount of RNA together with a

200-fold greater amount of radioactivity to obtain specific activities of the

same order of magnitude as that produced by hi vitro phosphorylation with

polynucleotide kinase. The advantage of the Szekely and Sanger technique

is that it allows further analysis by sequence determination with the aid of
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partial snake venom phosphodiesterase digestion.

Another approach to fingerprinting and sequence analysis of mammal-

ian mRNAs and other polyadenylated RNAs that are difficult to label effic-

iently iii vivo_ has been used by Marrotta e£ al., and by Paddock et al.. .

Complementary DNA (cDNA) is synthesized using the RNA-directed DNA

polymerase from avian myeloblastosis virus and oligo (dT) as primer.

The cDNA is then used as a template for in vitro RNA synthesis with E. coli

RNA polymerase and highly P-labelled nucleoside triphosphate precursors.

The radioactive RNA transcript, after nuclease digestion, is further frac-

tionated and analysed in an identical fashion to uniformly labelled RNA.

This approach, apart from being rather involved and time-consuming,

suffers from the disadvantage that, although the cDNA would appear to be

a faithful copy of the polyadenylated RNA, in some instances only certain

regions of cDNA are transcribed by the E.coli polvmerase . Direct

sequencing of the cDNA using the new DNA sequencing techniques ,

however, would circumvent this problem.

In conclusion, the in vitro labelling of large T oligonucleotides

from virus and mRNAs with the aid of polynucleotide kinase and \y- P

ATP provides, with the provisos discussed above, several advantages over

alternative methods of fingerprinting and/or sequencing RNAs which are

inefficiently or inadequately labelled in vivo.
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