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dent of the fragment size thus making the reaction rate propor- 
tional only to (mol wt)-’/* (Hutton and Wetmur, 1973a; Chil- 
ton, 1973). Therefore, the results obtained by Sutton should 
not be generalized to apply to all redundant DNA renaturation 
kinetics. Nevertheless, in some interspecies DNA renaturation 
experiments where very large degrees of mismatching occur, it 
is necessary to consider a sizable decrease in rate of heterolo- 
gous reaction over the homologous before attempting to quan- 
titate the absolute degree of homology. 
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Role of Base Composition in the Electrophoresis of Heat- 
Treated Deoxyribonucleic Acid from HeLa and Mouse Cells 
in Composite Polyacrylamide Gelst 

Robert S. Zeiger,* Raphael Salomon,S C.  Wesley Dingman, and Andrew C. Peacock* 

ABSTRACT: Heat-treated DNA from HeLa and mouse cells 
could be electrophoretically resolved into two components rep- 
resenting the native and denatured fractions. In  1.7% polyac- 
rylamide-0.5% agarose gels heat-denatured DNA migrated in 
a discrete band of significantly slower mobility than did native 
DNA. Spectrophotometric gel scanning allowed a quantitation 
of the per cent denaturation at various temperatures and thus 
permitted calculation of a T,, which agreed well with that de- 
termined by the optically measured thermal transition profile 
method of Marmur and Doty (1962). In addition, ,fully heat- 
denatured mouse satellite DNA electrophoresed as two discrete 

In a recent series of experiments we have examined some of 
the electrophoretic characteristics of DNA in polyacrylamide 
gels (Zeiger et al., 1971, 1972a; Dingman et at., 1972). It was 
found that high molecular weight DNA from the mouse and 
crab could be separated by polyacrylamide gel electrophoresis 
into satellite and main band DNA species. The separation was 
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bands, presumably as a result of compositional differences be- 
tween the complementary strands. The role of base composi- 
tion in the electrophoretic behavior of DNA was studied by la- 
beling the cytosine or guanine bases of HeLa DNA with tritiat- 
ed nucleoside precursors while simultaneously labeling the thy- 
mine bases with thymidine-I4C. The ratio of 3H/14C incorpo- 
ration within the native HeLa DNA band indicated a linear 
gradient in  GC content. These studies further demonstrated 
the ability of polyacrylamide gel electrophoresis to fractionate 
DNA molecules on the basis of their base composition. 

possible because the dA-dT rich crab and mouse satellite 
DNAs had lower electrophoretic mobilities than their corre- 
sponding main band DNAs. Subsequent studies using microbi- 
al DNAs of differing GC content showed that DNAs with pro- 
gressively greater G C  content had correspondingly greater 
electrophoretic mobilities in polyacrylamide gels. Within the 
range of base compositions studied (25-67% mole per cent G + 
C) the relationship between base composition and electropho- 
retic mobility was linear. In  the present study we examined the 
electrophoretic behavior of DNA, denatured to a varying ex- 
tent, and found that the native and denatured fraction could be 
easily resolved. We again found that the electrophoretic mobil- 
ity of high molecular weight DNA is dependent on base com- 
position. We also observed that polyacrylamide gel electropho- 
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resis can separate the light (L) and heavy (H) strands of mouse 
satellite DNA. 

Materials and Methods 

Acrylamide, N,N’-methylenebisacrylamide, N,N,N’,N’-te- 
tramethylethylenediamine, and the stain, 1 -ethyl-2-[3-( 1 - 
ethylnaphtho[ I ,2-d] thiazolin-2-ylidene)-2-methylpropenyl]- 
naphtho[ 1,2-d] thiazolium bromide (“Stains-all”), were ob- 
tained from Eastman Kodak, Distillation Products Industries, 
Rochester, N. Y .  SeaKem agarose was purchased from Marine 
Colloids, Inc. Cesium chloride, optical grade, and adenosine- 
8-14C (47 Ci/mol) were obtained from Schwarz/Mann. NCS, 
Spectrofluor, thymidine-2-I4C (57 Ci/mol), and ~ y t i d i n e - ~ H  
(G) (2.5 Ci/mmol) were purchased from Amersham/Searle. 
De~xycyt idine-~H (G) (5.49 Ci/mmol) and g ~ a n o s i n e - ~ H  (G) 
(1.8 Ci/mmol) were obtained from New England Nuclear 
Corp. Unlabeled adenosine, guanosine, deoxyadenosine, and 
deoxyguanosine were all A grade and purchased from Calbio- 
chem. Electrophoretic cells, the design of Raymond (1962), 
were the products of the E-C Apparatus Corp. 

Double Labeling of the GC and A T  Base Pairs in HeLa Cell 
DNA. To HeLa cells, Type S3-1 (0.7-2 X lo6 cells/ml), grown 
in spinner flasks in 100 ml of Eagle’s Minimal Essential Medi- 
um supplemented with 5% horse serum, and 100 units/ml each 
of penicillin and streptomycin, were added ~ y t i d i n e - ~ H  and 
thymidine-2-I4C to levels of 10 and 0.2 pCi/ml, respectively, 
and the unlabeled nucleosides adenosine, guanosine, deoxyade- 
nosine, and deoxyguanosine each in a concentration of 25 pg/ 
ml; 24 hr later the cells were harvested and DNA was extract- 
ed. 

Isolation and Characterization of DNA. Unfractionated 
DNA from HeLa cells or 36-hr old whole C57Bl mice was ex- 
tracted by a modified sodium dodecyl sulfate-chloroform-iso- 
amyl alcohol technique as previously described (Marmur, 
1961; Zeiger et al., 1971). DNA was sheared to ca. 7-8 X 106 
daltons (determined by zone sedimentation in linear sucrose 
gradients (Dingman, 1972)) by passing the DNA solution 
maintained at 4’ ten times through a 27 gauge, 1 in. long nee- 
dle (Zeiger et al . ,  1972a). Mouse DNA (100 pg) was further 
fractionated by CsCl ultracentrifugation into satellite and 
main band fractions as described earlier (Brunk and Leick, 
1969; Zeiger et al . ,  1971). The separated satellite and main 
band DNA fractions were heat treated and analyzed by elec- 
trophoresis as described below. 

The specific activities of HeLa DNA labeled with the 3H 
and I4C precursors were approximately 27,500 dpm of 3H/pg 
of DNA and 4800 dpm of I4C/pg of DNA; the ratio of 3H/14C 
for this double-labeled DNA was 5.7. This ratio (3H/14C) in 
HeLa DNA was taken to represent the relative proportion of 
label in the GC (labeled with c y t ~ s i n e - ~ H )  and the AT (labeled 
with thymidine-2-I4C) moieties. Fractions of HeLa DNA with 
a 3 H / ’ 4 C  ratio greater than 5.7 indicates a relatively greater 
content of GC base pairs than in unfractionated HeLa DNA, 
while a 3H/’4C ratio less than 5.7 indicates a relatively greater 
content of AT base pairs. The ratio 3H/14C was determined for 
both the entire DNA and for the various electrophoretic frac- 
tions. The “total DNA-weighted average” 3H/14C ratio was 
calculated from the sums of the total 3H and I4C counts in  
both the denatured and native DNA electrophoretic fractions. 
This value should be equal to the 3H/14C ratio of 5.7 in unfrac- 
tionated DNA if there were no preferential losses. 

I4C-labeled mouse DNA was the kind gift of Dr. M. Ishiza- 
wa. 

Irreversible Thermal Denaturation of DNA. A DNA prepa- 
ration (mouse or HeLa cell DNA) containing 100 fig of DNA/ 

ml in 0.1 X ssc ( s s c  = 0.15 M sodium chloride-0.01 5 M so- 
dium citrate (pH 7.0)) was heated in a thermostatically con- 
trolled water bath and after a 5-min equilibration at  a given 
temperature, aliquots (300 pl) were removed and immediately 
quenched by placing in test tubes immersed in ice. To deter- 
mine thermal denaturation profiles, 2 0 0 4  samples (20 pg) 
from the above quenched aliquots were diluted with 800 pI of 
0.1 X SSC and the absorbance ( A )  of this solution at  260 nm 
at  25O was measured in a Beckman Model DU spectrophotom- 
eter (Geiduschek, 1962). For the electrophoretic fractionation 
the remaining IOO-pI aliquots were diluted with 25 pl  of a bro- 
mophenol-sucrose solution (Peacock and Dingman, 1968) and 
from 40 to 60 pl (ca.  3-5 pg of DNA) of this solution was ap- 
plied to the composite gels. 

Electrophoresis of DNA. Preparation of gels and electropho- 
retic techniques have been described elsewhere (Peacock and 
Dingman, 1968; Dahlberg et al . ,  1969; Zeiger et al., 1971). 
Specific electrophoretic conditions are described in the legends 
to the figures. Gels were stained with “Stains-all,” destained in 
running tap water, and photographed immediately. Stained gel 
strips were scanned at 585 nm (the wavelength which was 96% 
of the maxima for both native and denatured DNA) in a Gil- 
ford 240 recording spectrophotometer with a Gel Scan attach- 
ment. Double-stranded polynucleotides, whether DNA or 
RNA, stain bluish, while single-stranded polynucleotides, 
whether DNA or RNA (and including denatured DNA), stain 
purplish to pinkish blue (Dahlberg et al . ,  1969; Dingman et al., 
1972). The percentage of DNA in the denatured band (or na- 
tive band) after treatment at different temperatures was as- 
sumed to be equal to the percentage of bound stain found asso- 
ciated with that band relative to the total stain associated with 
both the DNA bands (Zeiger et al., 1971, 1972b). For radioac- 
tivity determinations, gel strips were cut into I-mm slices, 
placed in counting vials containing 1.0 ml of NCS and 0.2 ml 
of 0.5 N NaOH, and incubated overnight. Toluene-Spectro- 
fluor solution (10 ml) was then added (Zeiger et al., 1971) and 
18 hr later the vials were counted in a Beckman LS-250 liquid 
scintillation counter. 

Chromatography of Bases in HeLa Cell DNA. 3H- and 
I4C-labeled HeLa cell DNA were hydrolyzed for 60 min in 
70% perchloric acid at  100’. The bases were separated (using 
standards as markers) by descending paper chromatography on 
Whatman No. 1 paper for 24 hr using 2-propanol-concentrat- 
ed HCI-water (170:41:39 by volume) as solvent (Kaye et al.. 
1967). The radioactivity present in the bases was determined 
by placing ca. 35 1 X 4 cm paper strips in counting vials and 
incubating them with 0.5 ml of water for 4 hr and then over- 
night with agitation following the addition of 2.0 ml of NCS; 
I O  ml of a toluene-Spectrofluor solution was then added and 
the radioactivity counted in a Beckman LS-250 liquid scintilla- 
tion counter. The distribution of 3H and I4C among the bases 
of HeLa DNA is shown in Table I. Almost 100% of the I4C 
from thymidine-2-I4C was incorporated into the thymine moi- 
ety. Thus almost all I4C counts in DNA represent only AT 
pairs. The incorporation of 3H into GC pairs was slightly less 
specific. Approximately 90% of the 3H from cytidine-3H was 
incorporated into either cytosine (68%) or methylcytosine 
(22%). Swindlehurst et al. (1971) made similar observations. 
Although the 10% conversion of cytidine into thymine affects 
the absolute quantitation of 3H in G C  base pairs, it is small 
enough not to affect the qualitative changes in base composi- 
tion that will be demonstrated in the experiments to follow. In  
these experiments the tritium label will be considered therefore 
to represent GC bases. Attempts to use other precursors of GC 
bases were unsuccessful. 
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TABLE I :  Percentage Distribution of Label from Nucleoside 
Precursors into the Bases of HeLa Cell DNA. 

Gua-  Ade- Cyto- Methyl- 
Precursor nine nine sine cytosine Thymine 

_____- 
C ~ t i d i n e - ~ H  68 22 l o  

Thymidine-2-I ‘C > 99 

Deoxycytidine- 3Hu 1 11 <o 5 87 5 
Deoxyg~anosine-~H’ 97 3 

Adenosine-8- 4C 40 60 
_____-___ _ _ _ _ _ _ ~  

Similar results were found by Firshein et a/. (1967). 
Depurination during heat treatment of the D N A  caused 

loss of label. 

Results 

Electrophoretic Properties of Heat-Treated HeLa Cell 
DNA. Representative scans of electrophoretic patterns of heat- 
treated HeLa cell DNA are shown in Figure 1. On this 1.7% 
acrylamide-0.5% agarose gel there were two major DNA 
bands: a blue staining band a t  ca. SO mm and a purplish band 
at ca. 23 mm. The DNA band at  50 mm is native undenatured 
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FIGURE 1: Electrophoregrams of heat-treated HeLa DNA on compos- 
ite gels. HeLa DNA previously heated to various temperatures and 
then quenched was applied to the slots of a 3-mm slab gel in a large 
Raymond Model EC 490 vertical electrophoretic cell. The slab was 
composed of 1.7% polyacrylamide-0.5% agarose, catalyzed with 
,Y,,V,:V’.N’-tetramethylethylenediamine (0.031% final concentration), 
and gelled overnight a t  20’. A prerun at 200 V was performed while 
the temperature of the gel was lowered to 10’ and the current stabi- 
lized. A Tris-EDTA-borate buffer (pH 8.3) was used both during the 
prerun and the electrophoresis but was not recirculated (Peacock and 
Dingman 1967). HeLa DNA was electrophoresed at  300 V and 85 mA 
(average) for 120 min with the circulating coolant a t  O o .  Gels were 
stained overnight with “Stains-all.“ placed in tap water to remove ex- 
cessive stain, and then scanned at  585 n m .  The temperature to which 
each DNA sample had been heated is noted on the figure. Native 
DNA stained blue and appears a t  ea. 50 mm; denatured DNA stained 
purplish and appears at ca. 23 m m .  
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F IGURE 2: Thermal denaturation as measured by the percentage of 
denatured HeLa DNA found on electrophoresis of heat-treated HeLa 
DNA in 1.7% polyacrylamide-0.5% agarose gel a t  200 V and 44 mA 
(average) for 3 hr (see Figure 1 for details). Stained gel strips were 
scanned at  585 n m  in a Gilford recording spectrophotometer. The rela- 
tive percentage of DNA within the denatured band was determined by 
quantitating the areas under the peaks of the tracings of the stained gel 
strips as described in the Methods. 

double-stranded DNA as determined by its bluish coloration 
(see Methods) in “Stains-all” and by its presence as the only 
band when unheated HeLa cell DNA is electrophoresed (Fig- 
ure 1, 25’). The band at  ca. 23 mrn represents heat-denatured 
DNA. It stained a characteristic purplish color and was found 
only after heating the DNA at  temperatures greater than 71’. 
The electrophoresis of heated HeLa DNA showed that, as the 
temperature of the heat treatment was increased, there was a 
progressive increase in the amount of the denatured DNA and 
a concomitant decrease in the native DNA (Figure I ) .  Quanti- 
fication of these and other gels showed that the percentage of 
DNA within the denatured band increased as a function of 
temperature (Figure 2) .  The temperature at which SO% of the 
DNA was denatured (T,) was approximately 78’ for this 
heLa DNA preparation in 0.1 X SSC. The “electrophoretic” 
7, and the T ,  which we found by the conventional spectro- 
photometric irreversible thermal denaturation method (Gei- 
duschek, 1962)  were identical. 
Effect of Temperature on the Base Composition of A’ative 

Fractions ofHeLa DNA. We have previously shown, using mi- 
crobial DNAs of different base composition but similar molec- 
ular weight, that the electrophoretic mobility of DNA is linear- 
ly related to its GC content. Moreover the stability of the dou- 
ble helix has been correlated with the GC content of the D N A  
as measured by melting temperatures of native DNAs (Mar- 
mur and Doty, 1962) .  The following experiments examine the 
relationship between these two properties of DNA employing 
gel electrophoresis of heat-denatured HeLa D k A  labeled in 
the GC moiety with tritium (employing ~ y t i d i n e - ~ H  as a pre- 
cursor) and in the AT moiety with I4C (employing thymidine- 
?-I4C as a precursor) (see Methods). The ratio of 3 € l / 1 4 C  in 
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FIGURE 3: Ratio of incorporated ~ytidine-~H to thymidine-Z-I4C 
(3H/'4C) within the electrophoretic bands of heat-treated HeLa DNA. 
Radioactivity was determined on representative samples of electropho- 
resed DNA (250 V, 140 min) by counting I-mm cut gel slices by liquid 
scintillation. The 'H/I4C ratio was measured along an entire gel strip. 
The large triangles represent significant ratios calculated from signifi- 
cant counts within each DNA band, while the smaller triangles are ra- 
tios computed from extremely low counts retained within the substance 
of the gel but  not associated with any stainable DNA band. The distri- 
bution of incorporation of ~ytidine-~H (0-0) is included to high- 
light areas of significant radioactivity. 

the extracted, unfractionated HeLa cell DNA was 5.7. This 
double-labeled HeLa DNA was heated to various temperatures 
and analyzed electrophoretically, as described above. The gels 
were sliced into I-mm sections, the 3H and I4C radioactivities 
in each section were counted, and the 3H/14C ratio wihin each 
section was calculated. The 3H/14C ratio and total 3H radioac- 
tivity in the various electrophoretic bands was compared (Fig- 
ure 3). The larger triangles represent ratios determined from 
significant 3H counts; the smaller triangles represent ratios cal- 
culated from rather insignificant counts not associated with ei- 
ther stained DNA region. Accordingly, only the ratios depicted 
by the larger triangles are important here. The 3H/14C ratio 
increases within the native DNA band (at 30-35 mm) from 
about 5 in the trailing portion (30 mm) to about 7 in the lead- 
ing edge (35 mm) of the DNA band (Figure 3A). This increase 
in the 3H/ '4C ratio was found along the native DNA band re- 
gion in each of the heated samples (Figure 3). The average 
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F I G U R E  4: The relationship between the 3H/14C ratio and DNA dena- 
turation. The average (mean) 3H/14C ratio for each electrophoretic 
band in  Figure 3 was calculated and plotted against the per cent of de- 
natured DNA. 

3H/14C ratio within a DNA band was calculated by summing 
all the pertinent 'H and I4C counts, and forming the ratio. For 
native DNA this average ratio increased with increasing tem- 
perature of heat treatment from a low of 5.7 (original DNA 
ratio) to a maximum of 6.8 (Figure 4) .  Within each denatured 
DNA band the average 3H/ '4C ratio increased with increasing 
temperature of heat treatment from a low of 5.1 at  74' to a 
high of 5.7 at  90' (Figure 4) .  The internal consistency of these 
experiments is shown by the fact that the 3H/14C ratio for total 
DNA (determined by combining the 3H and 14C counts within 
both native and denatured DNA regions) for the various heat- 
treated DNA preparations was 5.7, equal to that found for 
both completely native and totally denatured DNA (Figure 4) .  

These data indicate that for high molecular weight HeLa 
DNA ( 1 )  denatured DNA has a slower electrophoretic mobili- 
ty than native DNA; (2) within the band of native DNA elec- 
trophoretic mobility in composite gels is a function of G C  con- 
tent; (3) portions of the HeLa genome which melt (denature) 
at lower temperatures, as determined by this electrophoretic 
technique, are AT rich, in agreement with previous thermal de- 
naturation studies (Marmur and Doty, 1962); and (4) portions 
of the genome rich in AT can be separated from the remainder 
by the electrophoretic fractionation of heat-treated DNA sam- 
ples in composite gels. 

Further Electrophoretic Fractionation of Mouse Satellite 
DNA. The species of HeLa DNA denaturing at  7 4 O ,  present in 
very small amount, consistently contained a faint duplex band 
on composite polyacrylamide gel electrophoresis. We thought it 
possible that this denaturation duplex represented two comple- 
mentary strands of an AT-rich satellite DNA, which might de- 
nature a t  a lower temperature than other, more GC-rich, frac- 
tions. This possibility was examined using mouse DNA which 
contains an AT-rich satellite DNA comprising 10% of the total 
DNA (Kit, 1961). We demonstrated previously that mouse 
DNA can be fractionated by polyacrylamide gel electrophore- 
sis into a slower migrating satellite DNA band and a faster 
moving main band DNA. 
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FIGURE 5: Electrophoregrarn of heat-treated mouse satellite and main 
band DNA in 1.7% polyacrylamide-0.5% agarose gels. The purified 
mouse fractions (obtained by isopycnic centrifugation in CsCl) were 
electrophoresed at 300 V and 35 mA (average) for 80 min in a Ray- 
mond Model EC 470 vertical electrophoretic cell. Samples: dots 1-4 
are mouse main band DNA heated to 25.73,80. and 90°. rapeetively; 
slot 5, mouse satellite DNA heated to 73O. (A trace of mucaplysac- 
charide appears at 10 mm in slot 5 . )  

Purified mouse satellite and main band DNAs were isolated 
by CsCl fractionation as previously described (Zeiger ef a/. ,  
1971). These purified mouse DNA fractions were heated at  
various temperatures and electrophoresed on composite polyac- 
rylamide gels (Figure 5) .  Heat-treated purified satellite DNA 
heated to 73O was converted to DNA which migrated in two 
discrete bands at  13 and 16 mm (Figure 5, slot 5) ,  while at  the 
same temperature, 73O, the purified main band was not altered 
(Figure 5, slot 2). At 80 and 90' purified mouse main band 
DNA electrophoresed in a band at  ca. I4  mm (Figure 5, slots 3 
and 4). intermediate in mobility to the two satellite DNA de- 
naturation bands. To investigate the possibility that the separa- 
tion of the denatured satellite bands might be an artefact re- 
sulting from the use of borate-containing buffer, these experi- 
ments were repeated using a different buffer (Tris-HCI 0.005 
M, EDTA 0.0025 M, pH 7.4), with identical results. 

These experiments demonstrate that in mouse the duplex de- 
naturation bands are derived from the heat denaturation of sat- 
ellite DNA, It seemed likely that the denatured satellite duplex 
represents the light and heavy complementary strands of which 
mouse satellite DNA is composed (Flamm et a/.. 1969). Sup- 
portive of this suggestion is the finding that denatured main 
band DNA (which has a density intermediate between the L 
and H satellite strands (Flamm ef a/.. 1969) migrates electro- 
phoretically between the two bands derived from denatured 
satellite DNA. 

Two experiments were performed to find out which of these 
two electrophoretically separated bands corresponded to the 
more dense of the satellite strands. Balb/C3T3 cells were la- 
beled by growing the cells for 2.3 days (approximately 2.3 gen- 
erations) in medium containing thymidine-2J4C and satellite 
DNA isolated by isopycnic centrifugation (Zeiger et a/.. 1971). 
The heavy and light strands were separated by centrifuging the 
satellite DNA in an alkaline CsCl gradient (Hanawalt and 
Cooper, 1971). Fractions containing heavy or light strands 
were p l e d ,  dialyzed, and subjected to electrophoresis, using 
conditions of Figure 5. Because the radioactivity was low, the 
counting was prolonged for 50 min. thereby achieving f10% 
accuracy. No background correction was made. Clear evidence 
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FIGURE 6 (Top) Mouse DNA (labeled with thymidir~e-Z-'~C) was 
heated to 73O in 0.1 X SSC, denaturing the satellite DNA, but not the 
main band DNA, as shown in Figure 5 and analyzed by electropharc- 
sis, as in Figure 2. The gel scanned at 585 nm (-) using a Disc inte- 
grator attachment to compute the areas under the three DNA peaks 
and then sliced for estimation of radioactivity ( O d ) .  The two 
peaks at 13 and 16 mm are the denatured satellite DNA. (The small 
peak at 9 mm is a mucopolysaccharide; main band DNA is at 30-35 
rnm.) (Middle and bottom) Labeled mouse satellite DNA. isolated by 
isopycnic centrifugation. was separated into hcavy (H) and light (L) 
strands by centrifugation on an alkaline CsCl gradient and, after dialy- 
sis. run in parallel with the gel shown in the top panel 

for a peak for the heavy fraction at the position of the slow mi- 
grating band is shown in Figure 6, bottom panels. The second 
experiment depends on the fact that the percentage of thymi- 
dine is 2.04 times greater in the heavy strand than in the light 
strand (Flamm ef a/.. 1967). The same thymidine-2-I4C la- 
beled DNA was heated to 73'. at  which temperature, see Fig- 
ure 5, the satellite is essentially denatured completely, and the 
main band is essentially native. After electrophoresis the gel 
was scanned at  585 nm to estimate the amount of DNA in each 
of the two bands of satellite DNA and the main band DNA, 
and then sliced for radioactivity measurements (Figure 6, top 
panel). Both the radioactivity and absorbance in the composite 
satellite region (sum of both satellite DNA bands) were 10% of 
the total radioactivity and absorbance, in agreement with pre- 
vious results. Considering only the region of the gel containing 
the satellite DNA, 70% of the radioactivity, but only 54% of 
the area, were associated with the slower band. The relative 
specific activity (% DPM/% DNA) of the slower and faster 
migrating bands were 1.3 and 0.65, respectively. Thus the spe- 
cific activity of thymidine in the slower band is 2.0 times that 
of the faster band. The results of both experiments indicated 
that the more slowly migrating band of denatured satellite 
DNA is the strand having the higher buoyant density in CsCI, 
while the faster migrating band is the strand having the lower 
buoyant density. 

Discussion 
These experiments confirm and extend our previous findings 
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that the electrophoretic mobility of high molecular weight na- 
tive DNA in composite gels is dependent in part on its base 
composition. Specifically, we have shown by labeling the cytos- 
ine or guanine bases of HeLa cell DNA with 3H (employing 
~ y t i d i n e - ~ H  or deoxyg~anosine-~H as precursors) while simul- 
taneously labeling the thymine bases with I4C (using thymi- 
dine-2-I4C as precursor) that there was an increasing gradient 
in G C  content within the native undenatured DNA electropho- 
retic band, and to a lesser extent within the heat-denatured 
DNA band (Figures 1, 3, and 4). Moreover, native and heat- 
denatured DNA were sufficiently separated by electrophoresis, 
Figures 1 and 3, to permit calculation of a T,,, for a particular 
species of DNA (Figure 2). Consistent with the findings of 
Flamm et a!. (1969) that mouse satellite DNA fractionated in 
alkaline CsCl into two major peaks, our experiments demon- 
strate that heat-denatured mouse satellite DNA migrates elec- 
trophoretically as two discrete denaturation bands, repre- 
senting the L and H complementary satellite strands (Figure 
6). Similar results have been obtained with denatured phage 
DNAs using agarose gels by Hayward (1972). Unlike native 
DNAs which we have studied, the denatured H strand (i .e. ,  the 
denser fraction) migrated slower than the denatured L strand, 
indicating the importance of variables other than density in de- 
termining electrophoretic migration of denatured DNA. These 
experiments point out the potential of polyacrylamide gel elec- 
trophoresis for conveniently and rapidly separating and 
studying regions of the genome differing in GC content. It may 
ultimately permit dissection of an individual genome to the ex- 
tent of uncovering those regions most susceptible to carcino- 
genic attack, hormone action, antigen binding, and perhaps 
even repressor control. 
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