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ABSTRACT

Calf thymus DNA containing satellite components of various
densities was used as a model to study the effect of netropsin
on the density of DNA in a CsCl gradient. The binding of
netropsin resulted in a decrease in density which depended upon
the quantity of netropsin added and on the average composition
of the DNA. Differences in density of DNA components we.re higher
in CsCl - netropsin gradients than in simple CsCl gradients. By
use of netropsin a main band and four satellite bands could be
differentiated in calf thymus DNA. Satellite DNA's-were isolated
using preparative CsCl - netropsin gradient centrifugation and
were characterised by dens-ity and homogeneity in native and in
reassociated state. Two of the satellite components, with
densities.of 1.722 and 1.714 g/cm3, are probably of homogenous
sequence, the other two components of densities 1.709 and 1.705
g/cm3 appear to be heterogeneous.

INTRODUCTION
Separation of various components of DNA in CsCl or Cs2SO4

density gradients can be imiproved by the use of some substances

which-bind to DNA in a medium of high ionic strength, and in this

manner cause density changes. For this purpose one can use ions

of heavy metals (Ag , Hg ) ' and a number of anitibiotics3'
4

including netropsin . The binding of netropsin to DNA has been

intensively studied5 10. Zimmer et al. have reported that the

binding is very strong and exists partially even in media of

high ionic strength (7.2 M CsCl, 5 M LiCl). Netropsin is

preferentially bound to regions of the DNA molecule rich in

(A+T) . This has been used for the isolation of (A+T)-rich

satellite cormponents of DNA from Drosophila melanogaster4.
Studies of DNA from calf thymus uising CsCl density gradielit
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centrifugation have shown that this DNA contains two satellite

components of densities 1.714 and 1.721 g/cm3 '. Using

fractionation on MAK columns, in combination with partial

denaturation , a further component has been isolated of density

about 1.707 g/cm3 (ref.13). The above methods were, however,

unable to provide homogeneous preparations of satellite components

which indicated the presence of still further components 3. This

assumption was corroborated by the work of Filipski et al.

Using Ag - Cs2S04 gradient centrifugation six satellite

components were isolated in calf thymus DNA of densities 1.704,

1.705, 1.709, 1.710, 1.714 and 1.723 g/cm3 (ref.14). The two

heaviest satellite components have been studied in detail and

were shown to belong to the class of rapidly reassociating simple

sequence DNA 15-18

The present work took advantage of the complexity of calf

thymus DNA to study factors influencing changes in DNA density

produced by netropsin. Separation of calf thymus DNA components

in a CsCl - netropsin gradient was compared with that achieved

by other methods, and the CsCl-netropsin gradient centrifugation

was used to isolate satellite components.

MATERIALS AND METHODS

Samples of DNA

Calf thymus DNA was isolated according to Kay et al.

The concentration of DNA was determined by measuring absorbance

at 260 nm using A = 200.

Netropsin

Netropsin sulphate and netropsin hydrochloride preparations

were kindly provided by Dr. CH. Zimmer, Institute for Micro-

biology and Experimental Therapy, Jena.

Fractionation of DNA on MAK columns
20

DNA was fractionated by the method of Mandell and Hershey

The columns were 70x130 mm with a capacity for 25-30 mg DNA.

The details of this separation are described elsewhere1113. DNA

from the MAK column was pooled into three fractions labelled A,

B and C in the order in which it was eluted from the column.
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Refractionation with the same system of these fractions one or

two times gave further subfractions enriched with various

satellite components. These latter subfractions were labelled

AA, AB, AAA, ABA, BB etc.

Analytical centrifugation in a CsCl density gradient

Centrifugation was carried out with an ultracentrifuge

Spinco Model B using UV absorption optics, at 44 770 rpm in

cells with an optical pathlength of 12 mm. The centrifugation

time was 20-24 hrs. DNA from Pseudomonas aeruginosa - N 5 of

density 1.742 g/cm3 (based upon the density of E.coli DNA equal

to 1.710 g/cm3) was added as density marker. The density of DNA

samples was calculated according to Schildkraut et al.

Analytical centrifugation in a CsCl - netropsin gradient

Preparation of DNA sariples for centrifugation started with

a solution of DNA (5 - 10Og/ml) in 0.01 M tris pH 8.4, to which

was added a solution of netropsin (200)ug/ml in 0.01 M tris pH

8.4 + O.005 M EDTA) in various ratios in order to cover

the required ratios of netropsin to DNA, and solid CsCl up to

a final density of 1.640 - 1.700 p/cm3. The density of the

solution was calculated from the refractive index at 25 C,

measured-with a Zeiss refractometer. Centrifugation was carried

out in an ultracentrifuge Spinco Model E in 12 mm cells at

44 770 rpm for 20 - 24 hrs. The density of DNA samples was

determined from the initial density of the CsCl solution and the
22

limiting isoconcentration distance . All density valuies were

related to the density of E.coli DNA set at 1.710 g/cm3*
Preparative centrifugation in a CsCl - netropsin gradient

Samples of DNA for preparative centrifugation were prepared

in the same manner as for analytical centrifugation. Maximum

concentrations of DNA were about 40ji/ml. Centrifugation was

carried out on a preparative ultracentrifuge Spinco Model L with

an angle rotor 50. Polyallomer tubes were filled with 4.65 ml of

DNA solution which was covered with liquid paraffin, the amount

of DNA per tube varying from 25 to 200 jg.. Centrifugation time

was 44 - 48 hrs, at 44 000 rpm. After the end of centrifugation,

the tubes were punctured and the contents were removed from the
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bottom of the tuibe with a peristaltic pump through a 1 mm flow-

through cell attached to a Unicam SP 8000 spectrophotometer.

Absorbaice at 260 nm was recorded. The contents of the tubes

were suibdivided inito 30-40 fractions, and fractions containing

DNA wvere pooled into 3-5 larger fractions after evaluation of the

absorbapce records. Netropsin was removed by 5-6 extractions
4

withl 2-propaniol saturated with a saturated solution of CsCl

cc

d

6 1.66 1.68 1.70 1.72
density, 9/cm3

Fig. 1 Analytical centrifugation of MAK fraction A of calf
thymus DNA in a CsCl gradient at various ratios of netropsin/DNA
(mol netropsin/mol nucleotide phosphate): a - 0; b - 0.05;
c - 0.1; d - 0.3; e - 0.6; f - 1.0; g - 1.5

RESULTS

The density of components of calf thyrmus DNA in a CsCl-netropsin

gradient

The binding of netropsin to DNA resulted in a decrease in

DNA density in the CsCl gradient. This effect was studied on a

fraction of calf thymus DNA enriched with satellite components

(fraction A). The pattern of this fraction in CsCl gradient

without netropsin (Fig.la) shows clearly the main band with

the two satellite components of densities 1.722 and 1.714 g/cm3

and a shoulder suggesting a further satellite components of

density about 1.707 g/cm3. Addition of netropsin (Fig.lb-g)
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resulted in a decrease in the density of all components of DNA,

in relation to the nature of the components and the netropsin/DNA

E 1.72
0

0~~~~~~

1.66oe

0.5 1.0 1.5
netropsin/DNA

Fig. 2 The density of calf thymus DNA components as a function
of the netropsin/DNA ratio. Component with CsCl density: a -
1.722 g/cm3, b - 1.714 g/cm3, c - 1.709 g/cm3, d - 1.705 g/cm3,
e - main DNA band (about 1.700 g/cm3)

ratio. It would appear that addition of the antibiotic does not

change the order of the DNA bands. In other wvords, the amount of

bound netropsin is primarily dependent upon the density of DNA

determined in CsCl gradients without netropsin, which means that

it is dependent primarily upon the DNA composition. Addition of

netropsin results in a marlked increase in density differences

between the individual DNA componenits, and thus improves the

resolving power of the CsCl gradient (Fig.l). The band of density

about 1.707 g/cm3, which in a simple CsCl gradient can be just

barely distinguished from the main band, in fact subdivides

into two bands (Fig.lb-g). In the CsCl - netropsin gradient

this double band can easily be distinguished from the main band

of DNA and from other satellite components at a netropsin/DNA

ratio as low as 0.05.

The dependence of density of the individual DNA bands on
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the netropsin/DNA ratio is shown in Fig.2. Density values

corresponding to zero content of netropsin were measured after

isolation of individual DNA components which has been described

in detail in one of the following chapters. It is clear from

Fig.2 that the density of components decrease with an increasing

amount of netropsin reaching a limiting value at a netropsin/DNA

ratio of about 0.6 for the satellite components. In the case of

the main band DNA the limiting density value is achieved at a

ratio of about 1.0 or higher.

Characterisation of calf thy s DNA and its fractions by

analytical centrifugation in a CsCl - netropsin gradient

From the above results it follows that the increase in

resolving power of CsCl gradients by addition of netropsin

imptoves the use of this method in determining the presence

and content of various components in a DNA sample. Fig.3a shows

I , I . 1 I ' I I

t~~~~~

f

C

g
d

164 168 1.72 1.64 168 1.72
density, g/cm3

Fig. 3 Analytical centrifugation of calf thymus DNA and its
fractions in a CsCl - netropsin gradient with a netropsin/DNA
ratio of 1.0. DNA was fractionated as described in Materials and
Methods. a - unfractionated sample, b - fraction A, c - fraction
B, d - fraction C, e - fraction AA, used for isolation of
components with densities 1.722 and 1.714 g/cm , f - fraction A-BB
used for isolation of the component with density 1.709 g/cm3,
6 - fraction BB, used for isolation of the component with density
1.705 g/cm3
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that centrifugation of unfractionated calf thymus DNA in a CsC1-

netropsin gradient allows differentiation of three satellite

bands. In addition to the latter, calf thymus DNA contains a

further band which can be seen only in the centrifugation pattern

of fraction A, enriched with satellite components (Fig.3b). In

all curves of Fig.3, and particularly in Fig.3a, a marked asym-

metry of the main DNA band can be seen, which along with its

width bears evidence of density heterogeneity. Apparently this

is also the reason for a slught variation in the position of the

main DNA band in various MAK fractions (Fig.3b-d). The positions

of satellite DNA bands are relatively reproducible under constant

conditions and do not depend on the ratio of the DNA components

present. Reproducibility of the measurement is assured only if

freshly prepared netropsin solutions are used. The use of stale

solutions does not have an effect on resolution of bands, but

results in somewhat higher values of densities, making

identification of separate bands more difficult.

g 1
(C4

ab c dr e

10 20 30

Jdensity Tube nuiie

E
C4

o~~~~~~~~~
I~~~~~~~~~~W

a b b C d

10 20 30 10 20 30
Tube number Tube number

,densty density

Fig. 4 Scheme of isolation of DNA components with densities
1.722 and 1.714 g/cm3 by a two-step preparative centrifugation
in a CsCl - netropsin gradient, netropsin/DNA = 0.3. 1 - first
fractionation step (MAK fraction AA); 2 - second fractionattion
step (fraction la); 3 - second fractionation step (fraction lc).
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Isolation of calf thymus satellite DNA's using preparative CsCl-

netropsin density gradient centrifugation

CsCl - netropsin centrifugation was further used as a

preparative method for isolating components of DNA corresponding

to the identified satellite bands. Since the content of satellite

DNA's in unfractionated DNA sample is relatively low (Fig.3a),

samples enriched with satellite components on MAK columns were

used as, initial material. Fig.3 shows the patterns of these

fractions in analytical CsCl - netropsin gradients.

The scheme of isolation of the two heaviest satellite

components is shown in Fig.4. An isolation procedure consisting

in two steps of preparative centrifugation in a CsCl - netropsin

gradient was used. In comparison with analytical centrifugation

(Fig.3e) resolution of DNA bands in preparative centrifugation

was far less complete (Fig.4, curve 1). Despite this, there was

effective separation, as shown by the patterns of, analytical

1.722
1.722 ~d 1.742

a 1.742
GD

a ~~~~~~~~~~~~~~1.724
n ~~~~~~~~~~~~~~~~~~~~~~~1.7,42

o e
1.716

1.722
b 1.2

f ~~~~~~1.742
1.714

C 1,742
1.742

density, g /cm3

Fig. 5 Analytical centrifugation in a CsCl gradient of fractions

obtained by preparative centrifugation in a CsCl - netropsin

gradient. For fraction symbols see Fig.4. a - fraction la;

b - fraction lb; c - fraction lc; d - fraction 2a; native, e -

fraction 2a; melted and reannealed (Cot = 0.2 mol s 1-1, 0.25 M

Na+); f - fraction 3b, native; - fraction 3b; melted and

reannealed (Cot = 0.29 mol s 1- , 0.25 M Na+).
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Fig. 6 Scheme of isolation of components with densities 1.709
and 1.705 g/CM3 by two-step preparative centrifugation in a

CsCl-netropsin gradient. 4 - first fractionation step (MAK
fraction ABB), netropsin/DNA = 0.3; 5 - second fractionation
step (fraction 4c), netropsin/DNA = 0.3; 6 - first fractionation
step (MAK fraction BB), netropsin/DNA = 0.3; 7- second
fractionation step (fraction 6c), netropsin/DNA = 0.6.

centrifugation of some selected fractions (Fig.5a-c). The first

fractionation step gave sufficiently homogeneous material

(Fig.5a-c) so that identification of the two heaviest satellites,

of densities 1.714 and 1.722 g/cm3, was possible. After

rebanding (Fig.4, curves 2 and 3) the isolated satellite DNA's

vere fully homogeneous in terms of density in CsCl (Fig.5d,f).

After denaturation and reassociation a single sharp band was

formed in both cases, the density of which was only slightly

higher than that in the native state (Fig.5e,g). Both satellite

DNA preparations are therefore homogeneous also in terms of

reassociation behaviour.

Two-step isolation procedures for the two lighter satellite

components are shown in Fig.6. The patterns of analytical

centrifugation in CsCl - netropsin gradient of the initial

fractions enriched with the corresponding componeints are in

Fig.3f,g. Fractions corresponding to DNA satellite bands (Fig.

7a,e) have densities in CsCl of 1.709 and 1.705 g/cm3, and
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1.709 1.705

8 I e

1.742 1742~ ~ ~ ~ ~ ~ . 9

density, g/cm3
fig.7 Analytical density gradient centrifugation of fractions
obtained by preparative centrifugation in-a CsCl - netropsin
gradient. Symbols as in Fig..a-ce-g - CsCl gradients:
a - fraction 4c; b - fraction 5b, native; c - fraction 5b,
melted anid-reannealed (Cot = 0.28 mol s 1-1, 0.25 M Na+); e -

fraction 6c; f - fraction 7b, native; g - fraction 7b, melted
and reannealed (Cot = 0.31 mol s 1-l, 0.25 M Na+). D,h - CsCl-
netropsin gradient, netropsin/DNA = 1.0: d - fraction 5b, h -

fraction 7b.

after rebanding in a CsCl - netropsin gradien1t (Fig7b,f) they

would appear to be homogenous in terms of density. Fraction 5b

of density 1.709 g/cm3 was almost homogeneous even in the

analytical CsCl - netropsin gradient (Fig.7d) which confirms

its identification with the heavier component of the double

band. After denaturation and subsequent reassociation, however,

this DNA was split into two bands (Fig.7c). The DNA band of

density 1.714 g/cm3 corresponds to a rapidly reassociating

component, but that of density 1.721 g/cm3 obviously did not

reassociate under the given conditions. DNA of fraction 5b,

forming a single satellite band in a CsCl-netropsin gradient,

is therefore composed of at least two DNA components of very

similar densities which show marked differences in their

reassociation behaviour. The fraction 7b of density 1.705 g/cm3

can be identified with the lighter component of the double band
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but the result from a CsCl - netropsin gradient suggests that

an admixture of a heavier component has not been completely

removed (Fig.7h). After denaturation and reassociation this DNA

forms a single broad hand of density 1.713 g/cm3 (Fig.7g). It

would appear that all the DNA of fraction 7b is partially

-U

t1.70 -

1t65 -

1.60_X_

. I . I .
168 170 t72 1.74

CsCl density, gkm3
Fig. 8 Rela.tion between density of DNA components in a CsCl -
netropsin gradient (netropsin/DNA = 1.0) and density in a simple
CsCl gradient. 0 - 4alf thymus DNA, e - Drosophila melanogaster
DNA (Peacock et al. )

reassociated because this component, unlike that of density
1.709 g/cm3, shows no high density material after denaturation

and reassociation.

DISCUSSION

Binding of netropsin to DNA in a CsCl gradient

Complexes of netropsin with DNA are stable even in a high

ionic strength, thus making possible the use of the DNA -

netropsin interaction in CsCl and Cs2SO4 gradients.

A decrease in DNA density in CsCl and Cs So4 due to netropsin

occurs under conditions in which other methods show only very

small changes 489,1. The miethod of density gradient

centrifugation is therefore a very sensitive one, capable of
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demonstrating even very small amounts of bound netropsin.

A decrease in density occured in all studied components of

DNA, but to various degrees. It would appear that, unlike the

+ 2+1 4
binding of Ag, Hg (ref.14,23,24) or actinomycin the binding

of netropsin is mainly influenced by the composition of the DNA

sample and does not show a clear sequence specificity. This

situation is reviewed in Fig.8, where the densities of

homogeneous DNA components in CsCl - netropsin are plotted

against their densities in simple CsCl. This figure also includes

the results of Peacock et al. , who determined the density of

(A+T)-rich satellite components of DNA from Drosophila

melanogaster in both types of gradient.. Densities of (G+C)-rich

satellite components represent limiting values. Because of the

dependence of density in CsCl on (G+C) content the relationship

on Fig.8 is in agreement with the results of Zimmer et all.' '

and Wartell et al. who found that the greater the (A+T) content,

the greater the amount of netropsin bound to DNA. Results

obtained with homopolynucleotides show that small effects of

sequence specificity cannot be completely excluded.

Luck et al.9 reported that even under conditions favourable

for complex formation, there is binding of at most one molecule

of netropsin to six nucleotides. In a CsCl-netropsin gradients

fairly high netropsin/DNA ratios were used,usually those leading

to limiting density values (0.3-1.0). Despite the fact that no

quantitative data on the binding of netropsin under these

conditions are available, it would appear very probable that

complex formation is highly supressed. Hence the major portion

of the netropsin is free in solution and in equilibrium with

bound netropsin. This can explainthe finding that density values

of satellite DNA's are relatively reproducible and do not depend

upon the ratio of individual components of DNA in the mixture.

This property of CsCl-netropsin gradients simplifies identifi-

cation of the bands and is an advantage in analytical use of

this method.
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The use of DNA-netropsin interaction in studies of calf thymus

DNA

Calf thymus DNA contains a number of satellite components

differing in composition and sequence complexityll 14923925. The

most effective method for their isolation has thus far been

centrifugation in Ag - Cs2SO4 gradients '93' which has been

14
used to isolate six satellite components characterised in

detail. In a CsCl-netropsin gradient one can differentiate four

satellite bands corresponding in density to the principal

satellite components. Since the interaction of netropsin with

DNA does not show sequence specificity, there is no separation

of satellite DNA's with the same or very similar composition but

with different sequences. Probably there is also some fractiona-

tion of the main band DNA.

Fractions corresponding to DNA satellite bands distingiush-

able in analytical CsCl-netropsin gradients were isolated using

preparative CsCl-netropsin gradient centrifugation. Density of

fractions homogeneous in CsCl gradient without netropsin were

1.705, 1.709, 1.714 and 1.722 g/cm3. The two heavier fractions

can be identified with satellite components isolated from calf

thymus DNA using CsCl density gradient centrifugation ' , MAK

fractionation combined with partial denaturation113 and

Ag - Cs SO4 gradient centrifugation14223925. The present

isolation method would seem to-be of advantages as compared with

the other methods in providing very pure products because of

easy separation of the two heavy satellites from each other and

from other components. According to reassociation behaviour

these DNA components consist of homogeneous repeating sequences

with kinetic complexities of the order of hundreds of nucleo-

16,18
tides

Satellite DNA of density 1.709 g/cm3 consisted of two

components, one of which could be classified as a rapidly

reassociating DNA, while the other showed little reassociation

under the given conditions. The reassociating part is in all

probability identical with that described previously 3' as a

repetitive portion of 1.707 g/cm3 satellite DNA isolated by MAK
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fractionation in combination with partial denaturation. This is

supported by the agreement in densities of both components after

denaturation and reannealing and by the results of CsCl-

netropsin centrifugation of fractions obtained by the previous

isolation method13 (H.Votavova, unpublished).

reassociating component of density 1.709 g/cm3 has not thus far

been isolated in pure state. Both components of this density

could not be separated even in Ag - Cs2S04 gradients as shown

by the presence of high density DNA after denaturation and
14

reannealing
1

The satellite component of density 1.705 g/cm3 formed a

single broad band after denaturation and reassociation suggesting

the presence of a number of components differing in density

in the reassociated state. The native density suggested that

this satellite DNA might contain a rapidly reassociating DNA

characterised by Yasmineh and Yunis 3 and Filipski et al. as

the lightest component in the Ag - Cs2SO4 gradient.Preliminary

results obtained with this method show, however, that the

component of low density in Ag - Cs2So4 is only a minor portion

of our 1.705 g/cm satellite DNA. A larger portion may be formed

by DNA which was characterised by Filipski et al. as a

component with density 1.704 g/cm3.

As shown above, centrifugation in a CsCl-netropsin gradient

can serve as an analytical tool for studying the heterogeneity

of DNA and as a preparative method for isolation of some DNA

components. This method has some advantages over gradient

centrifugation using interaction with heavy metals or with

actinomycin. First, there is no change in the relative positions

of bands on interaction with netropsin, which allows a simple

identification of individual components without previous

isolation. Second, in a CsCl-netropsin gradient the densities

areiTnsensitiveto small changes in experimental conditions

(concentration, ratio of components in the mixture).

Centrifugation in a CsCl-netropsin gradient, however, does not

allow separation of different components of about the same

average composition, which is sometimes possible on the basis
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of sequence specific interaction with actinomycin or with heavy

metals. It would appear that in a general case of an eukaryotic

DNA best separation of various components will be achieved by

a proper combination of interacting substances in density

gradients.

ACKNOWLEDGEMENTS

We are grateful to Dr. Ch. Zimmer, Jena, for providing two

samples of netropsin. We thank Dr. S. Zadrazil for helpful advice

in preparative centrifugations and Mr J. Neumann, Mrs

J. Jelinkova', Mrs E. Fo'rtova' and Mrs A. Pithartova for expert

technical assistance.

REFERENCES

1 Jensen, H. and Davidson, N. (1966) Biopolymers 4, 17-32
2 Davidson, N., Wildholrm, J., Nandi, U.S., Jensen, R., Olivera,

B.M. and Wang J.C. (1965) Proc. Natl. Acad. Sci. U.S. 53,
111-118

3 Kersten, W., Kersten, H. and Szybalski, W. (1966) Biochemistry
5, 236-244

4 Peacock, W.J., Brutlag, D., Goldring, E., Appels, R.,
Hinton, C.W. and Lindsley, D.L. (1973) Cold Spring Harbor
Symp. Quant. Biol. 38, 405-416

5 Zimmer, Ch., Reinert, K.E., Lucl, G., Wahnert, U., Lober, G.
and Thrum, H. (1971) J. Mol. Biol. 58, 329-348

6 Zimmer,Ch., Puschendorf, B., Grunicke, H., Chandra, P. and
Venner, H. (1971) Eur. J. Biochem. 21, 269-278

7 Reinert, K.E. (1972) J. Mol. Biol. 72, 593-607
8 Zinmmer, Ch. and Luck, G. (1972) Biochim.Biophys. Acta 287,

376-385
9 Luck, G., Triebel, H., Waring, M. and Zimmer, Ch. (1974)

Nucleic Acid Research 1, 503-530
10 Wartell, R.M., Larson, J.E., Wells, R.D. (1974) J.Biol.

Chem. 249, 6719-6731
11 Votavova', H., 6ponar, J. and 6ormova', Z. (1970) Eur.J.

Biochem. 12, 208-216
12 Polli, E,, Ginelli, E., Bianchi, P. and Corneo, G. (1966)

J.Mol.Biol. 17, 305-308
13 Votavova', H., and 6ponar, J. (1974) Coll.Czech.Chem.Comnmun.

39, 2312-2324
14 Filipski, J., Thiery, J.P. and Bernardi, G. (1973) J.Mol.

Biol. 80, 177-196
15 Corneo, G., Ginelli, E. and Polli, E. (1970) Biochemistry

9, 1565-1571
16 Votavova, H. and 6ponar, J. (1975) Nucleic Acid Research,

2, 185-196
17 Votavova', H., 6tolkrova', J. and §ponar, J. (1975) Biochim.

Biophys.Acta, in press
18 Botchan, M.R. (1974) Nature 251, 288-292

445



Nucleic Acids Research

19 Kay, E.K.M., Simmons, N.S. and Dounce, A.L. (1952) J.Am.
Chem.Soc. 74, 1724-1726

20 Mandell, J.D. and Hershey, A.D. (1960) Anal.Biochem. 1,
66-67

21 Schildkraut, C.L., Marmur, J. and Doty, P. (1962) J.Mol.
Biol. 4, 430-443

22 Vinograd, J. and Hearst, J.E. (1962) in Fortschr.Chem.Org.
Naturstoffe, Vol.20, pp. 372-422, Springer-Verlag, Wien

23 Yasmineh, W.G. and Yunis, J.J. (1971) Exp.Cell.Research 64,
41-48

24 Blumenfeld, M., Fox, A.S. and Forrest, H.S. (1973) Proc.
Natl.Acad.Sci. U.S. 70, 2772-2775

25 Kurnit, D.M., Shafit, B.R. and Maio, J.J. (1973) J.Mol.
Biol. 81, 273-284

446


