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SUMMARY 

Alkaline lys is  and sucrose gradient sedimentation of mammalian cel ls 
produces DNA molecules with sedimentation coeff ic ients up to 400 S. Pro- 
longed lys is  can produce molecules that are re la t i ve ly  stable to further 
exposure to alkal ine conditions and have a peak sedimentation coef f ic ient  
of approximately 140 S. The size of these a lka l i -s tab le  molecules appears 
to represent an upper l im i t  for single-stranded DNA obtained by alkal ine 
lys is .  Faster sedimenting molecules are predominantly double stranded and 
may be DNA molecules that have not denatured fu l l y  during exposure to 
a lka l i .  

Mammalian cell DNA, when studied by alkal ine sucrose gradient tech- 

niques, exhibits a var iety of possib]e sedimentation properties dependent 

on the precise conditions adopted for cell lys is  on the top of the gradients 

(1-5). The terminal DNA product obtained from unirradiated cel ls af ter long 

l y t i c  times (several hours) consists of a population of molecules with a 

peak sedimentation coeff ic ient  (S) between 120 and 165 S (1,2,6-10). These 

molecules have been regarded as representing some fundamental "subunit" in 

the organization of DNA ( i ) .  This term wi l l  be used here, but without 

implications of biological signif icance. 

Lyt ic times shorter than those required to produce the subunit-sized 

molecules or addition of sucrose or sal t  to the l y t i c  layer enables DNA- 

containing structures to be obtained with sedimentation coeff ic ients as 

high as 300-400 S (1,4,5,8,9) or DNA-membrane complexes exhibi t ing anomalous 

sedimentation behavior (2). There is increasing evidence that DNA with high 

sedimentation coeff ic ients (5) and the complex (11,12) are not necessarily 

f u l l y  denatured single-stranded molecules. Consequently I attempted to 

Copyright © 1974 by Academic Press, Inc. 
All rights o/reproduction in any form reserved. 

g2 



Vol. 59, No. 1, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

measure the amount of s ingle- and double-stranded DNA present in neutral ized 

f ract ions of sucrose gradients over a wide range of sedimentation coe f f i -  

c ients. The resul ts  indicate that the subunit may represent the upper 

l im i t  of size for single-stranded molecules. 

MATERIALS AND METHODS 

Culture Techniques and Radioactive Labelin 9 

Chinese hamster (V79) ce l ls  were grown in Eagle's minimum essential 

medium with 10% feta l  ca l f  serum. DNA was labeled by growing ce l ls  for  

several genetations (24-48 hr) in 0.05 - 0.1 ~Ci/ml, 33 mCi/mmole 14C-dThd. 

Some l~C-labeled cultures were frozen at -196°C in medium plus 10% DMSO and 

stored for  periods up to 1.5 yr.  These frozen samples were used for  other 

experiments to observe DNA strand breaks resul t ing from radioact ive decay 

(7,13) but were also used as a source of Z~C-labeled DNA with known amounts 

of radioisotope damage and sedimentation coef f i c ien ts  less than that of the 

subunit. 

Alkal ine Sucrose Gradient Sedimentation 

Sucrose gradients were done as described previously (1,5,7).  Af ter  

cent r i fugat ion at 25,000 revs/min in SW25.1 ro tors ,  1-ml f ract ions were 

col lected into tubes that contained I ml of 0.5 M KH2PO 4. The f ina l  pH of 

the col lected f ract ions was between 6 and 7 so that neut ra l izat ion was 

rapid and would preserve as far as possible the double-stranded or s ingle-  

stranded character of the DNA in the gradients. Radioact iv i ty  was deter- 

mined in 50 ~I of each f rac t ion  as previously described (7). The sucrose 

gradients were cal ibrated with T 4 phage DNA (1). Standards consist ing of 

3H-labeled double-stranded DNA and heat-denatured DNA were prepared as 

described previously (5). Fractions from sucrose gradients representing 

DNA that had sedimentation coef f i c ien ts  between 30 and 400 S were selected, 

and alkal i -denatured single-stranded or double-stranded 3H-labeled DNA 
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standards were added and dialyzed against 0.3 M NaCl, 0.03 M sodium acetate, 

0.003 M ZnCI 2, pH 4.5, for  2 days before fu r ther  assay by enzyme digest ion. 

Determination of Proportions of Single-stranded DNA 

Quanti tat ive estimates of the proportion of single-stranded DNA in a 

mixture of s ingle- and double-stranded DNA were made using a crude ext ract  

of a s ing le-s t rand-spec i f ic  nuclease S z from A ~ p e ~ u ~  org~ae prepared as 

described by Sutton (14). I0 ~I of th is  enzyme solut ion was added to an 

incubation mixture consist ing of the labeled DNA from alka l ine sucrose gra- 

dients in 1 ml of 0.3 M NaCI, 0.03 M sodium acetate, 0.003 M ZnCI 2, pH 4.5, 

containing 10 ~g/ml nonradioactive heat-denatured ca l f  thymus DNA. Incuba- 

t ion was continued for  up to 2 hr at 50°C, a f te r  which samples were ch i l led  

on ice, I00 ug of ca l f  thymus DNA was added as ca r r ie r ,  and 50 ~I of 70% 

PCA was added to prec ip i ta te  macromolecular DNA. The percentage of DNA 

rendered soluble by S I nuclease, i . e . ,  the percentage of single-stranded DNA, 

was calculated from the rad ioac t i v i t y  in supernatants and prec ip i ta tes as 

previously described (5). 

RESULTS 

S l nuclease degrades single-stranded DNA to various extents depending on 

the precise incubation condit ions, the method of DNA preparat ion, and the DNA 

source (15-17). In prel iminary experiments i t  was found that 30-min incuba- 

t ion at 50°C was su f f i c i en t  for  S z nuclease to degrade 91-98% of heat-dena- 

tured DNA, 86% of alkal i -denatured DNA, and 1.5% of double-stranded DNA. In 

dialyzed gradient f ract ions only 80% of alkal i -denatured 3H-labeled DNA 

standards was degraded even a f te r  2-hr incubation at 50°C, at which time 

7-8% of double-stranded DNA was rendered acid soluble. This reduced amount 

of degradation may have been due to the presence of some in te r fe r ing  material 

from gradients or secondary structure to DNA introduced during d ia lys is .  The 

precise reason for  the inter ference was not resolved, but since discr imina- 
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Fig. 1. Alkaline sucrose gradient  p ro f i l e  (cpm, histogram) of subunit-  
sized molecules obtained by lysing V79 cel ls  for approximately 4 hr in 
a lka l ine  EDTA before cen t r i fuga t ion  and percentage of DNA degraded by S 1 
nuclease ( 0 ) .  Each f ract ion assayed in t r i p l i c a t e  by $I and mean and 
standard er rors  indicated for  percentage degradation.  Shaded areas inc i -  
cate extremes of standard er ror  for  nuclease d iges t ion  of DNA standards.  

t ion between standards known to be i n i t i a l l y  single or double stranded was 

su f f i c i en t l y  large (80% versus 8%, respect ively) ,  analysis of DNA from sucrose 

gradients was performed under these conditions of 2-hr incubation at 50°C. 

In the f i r s t  series of experiments, two gradient prof i les obtained by 

d i f fe rent  l y t i c  procedures were analyzed to determine whether there was any 

var iat ion in the properties of DNA across the prof i les .  A subunit p ro f i le  

(Fig. 1) contained single-stranded DNA throughout, but one obtained by lysing 

for 2.5 hr (185 S peak) (Fig. 2) contained a variable amount of single- and 

double-stranded DNA, the leading edge being more double-stranded than the 

t r a i l i ng  edge. 

In a second set of experiments a number of gradients was done by vary- 

ing the l y t i c  time before centr i fugat ion for unirradiated cel ls or by using 

cel ls that had been frozen for long periods and had accumulated high doses 

of Z4C-beta i r rad ia t ion .  These gradients provided sources of DNA with sedi- 

mentation coeff ic ients between 30 and 400 S that were analyzed to see whether 
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F i__~.  Alkaline sucrose gradient prof i le  (cpm, histogram) of DNA from V79 
cel ls lysed for 2.5 hr in alkal ine EDTA before centr i fugat ion and percentage 
of DNA degraded by S l nuclease ( 0 )  from various portions of the gradient 
pro f i le .  Each region assayed in t r i p l i ca te  by S 1 and mean and standard 
errors indicated for percentage degradation. Shaded areas indicate extremes 
of standard error for nuclease digestion of DNA standards. 

there was any general relationship between the sedimentation coefficient and 

the degree of nuclease susceptibility, irrespective of the manner in which 

the DNA was produced. The sedimentation coefficient of the subunit appeared 

to represent an upper l imit for single-stranded molecules (Fig. 3). Below 

the subunit S value, DNA from the gradients was degraded to the same extent 

as single-stranded DNA standards; above this value, DNA from the gradients 

appeared to be predominantly double-stranded, although i t  was degraded to a 

greater extent than double-stranded DNA standards (Fig. 3). The presence of 

detergent during lysis of cells, although accelerating the rate at which 

cells lysed to produce subunit-sized DNA, did not affect the proportions of 

single- and double-stranded DNA at various S values. DNA with sedimentation 

coefficients greater than that of the subunit wil l be referred to as "high S" 

DNA. 

DISCUSSION 

These results suggest that the DNA molecules described as subunits in 

alkaline sucrose gradients are the fastest sedimenting single-stranded mole- 
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Fig. 3. Percentage of DNA, neutralized from alkal ine sucrose gradients, 
that is degraded by S l nuclease as a function of the sedimentation coef f i -  
cient. 0 ,  DNA from cel ls  lysed in alkal ine EDTA before centr i fugat ion; 
0 ,  DNA from cel ls lysed in alkal ine EDTA containing 0.1% Nonidet NP40. 
Standard error bars indicated for DNA from three or more sucrose gradient 
prof i les covering a range no wider than ± I0 S; other data from single 
sucrose gradients. Shaded areas indicate extremes of standard error for  
nuclease digestion of DNA standards. 

cules observed under conditions of alkal ine lys is  and high-speed (25,000 

revs/min) centr i fugation (Figs. 1-3). DNA with higher S values appears to 

be predominantly double-stranded. Previous experiments using isopycnic 

analysis have also shown that high-S DNA is a mixture of molecules with 

double-stranded and single-stranded densit ies (5). 

At least three interpretat ions of these results can be suggested: 

(a) A d i f fe ren t ia l  speed effect on single- and double-stranded mole- 

cules during centr i fugation results in a l l  single-stranded mole- 

cules exhibit ing an S value no larger than 140 S (10,18). 

(b) Aggregation to form gels or networks (19) that have double-stranded, 

S l - res is tant  regions may increase sharply above a c r i t i ca l  size of 

DNA. 

(c) Denaturation and strand separation in a lkal i  may involve breaks 

from shear forces or hydrolysis at random or specif ic linkage 
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si tes.  This could set an upper l im i t  to the size of s ingle-  

stranded DNA that is stable at high pH. 

Speed and molecular weight dependence of sedimentation coef f i c ien ts  

appears an un l i ke ly  in terpre ta t ion  because th is  would require a greater 

speed e f fec t  on s ingle-  than on double-stranded DNA. Zimm's (18) analysis 

of sedimentation coe f f i c ien t  versus molecular weight and centr i fugat ion 

speed indicates that such ef fects would be in the opposite d i rec t ion  (see 

also review, 20). 

Explanations such as (b) and (c) seem to be the most reasonable i n te r -  

pretat ions of these resul ts .  The consistent value of about 30-40% single-  

strandedness obtained in these experiments for  high-S DNA may be determined 

by some structural  feature such as the proportion of repe t i t i ve  DNA (21) 

that would renature most rapidly.  The data and these in terpreta t ions ind i -  

cate that the subunit has a unique status among DNA molecules of various 

sizes. I t  represents the largest single-stranded molecule obtained by 

a lka l ine lys is  in these experiments e i ther  because of a high degree of 

aggregation of larger  molecules or because of a physical l im i ta t ion  to size 

set by denaturation forces. Whether or not the subunit has biological  sig- 

ni f icance in chromosomal s t ructure,  for  example by being the basic un i t  in 

construction of larger molecules by a lka l ine lab i l e  linkages ( I ) ,  cannot be 

decided on the basis of the present experiments. 
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