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L I G H T - S C A T T E R I N G  S T U D I E S  OF SODIUM D E S O X Y R I B O N U C L E A T E  

by  

J O H N  W. R O W E N  * 

National Cancer Institute *~, Bethesda, Md. (U.S.A.) 

INTRODUCTION 

Recent studies of the molecular weight, size and shape of sodium desoxyribonucleate 
(DNA) have led to a rather large range of molecular weight values (0.5o-24.0 × zo e) and 
three different deductions concerning the molecular configuration. For example SMITH 
AND SI-IEFFER 1 concluded on the basis of light-scattering studies that  the molecular 
weight of three of their samples varied from 3.7-24 × Io e. They also concluded that  the 
configuration of these three samples varied from that  of a partially coiled to a randomly 
coiled configuration. OSTER ~ also examined three samples and concluded that  they had a 
range of 0.5 to 3.5 million and the molecule was a rod. DOTV 3 has studied a sample having 
a molecular weight of 8 million and a configuration intermediate between that  of a rod 
and a coil. On the other hand BUTLER AND JAMES 4 have concluded on the basis of dif- 
fusion and ultracentrifuge studies that  DNA forms, even in dilute solutions, a three- 
dimensional gel network. Consideration of the above and of additional studies of mole- 
cular parametersS, e, ~, 8, 9,10 strongly suggests that  there is a large sample to sample and 
technique to technique variation. I t  is the purpose of this and subsequent reports to 
describe studies by different techniques (light-scattering, electron microscopy, and visco- 
merry) of a highly polymerized sample of DNA as a first step in resolving the above 
views. 

In studying the effect of enzyme action on the light-scattering properties of dilute 
solutions of DNA, it was observed that  the sample contained an enzyme resistant frac- 
tion. This fraction was separated from the products of the enzyme action and studied by 
light-scattering and infrared spectroscopy. 

In addition, the effect of the ionic strength of the solution on the light-scattering and 
flow birefringence properties of the solution of undegraded DNA was investigated. 

This first report*** deals primarily with the light-scattering experiments. The 
following reports will present the results of the electron microscopy and viscometry 
studies. 

EXPERIMENTAL METHOD 

The  sample  of s o d i u m  desoxyr ibonuc lea t e  was  p repared  b y  t he  m e t h o d  of GULLAND et al. 11. 
I t  h a d  a n i t rogen  c o n t e n t  of I5.9 %, a p h o s p h o r u s  c o n t e n t  of 9 . 1%,  and  a p ro te in  c o n t e n t  of 0.6 %. 
W h e n  dissolved in wa t e r  t he  fibers gave  rise to clear v i scous  so lu t ions  h a v i n g  a s e d i m e n t a t i o n  c o n s t a n t  
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of 9.78 T 0.22 (o.i % solution in 3 N KCI). This solution may  be kept  for several weeks wi thout  
change at  o ° C. 

The l ight-scattering appa ra tus  was buil t  by the American I n s t r u m e n t  Co. I t  was calibrated 
by  measur ing the turb id i ty  of 3 solutions at wave-length 436 m!~ and checking one against  the other. 
The three solutions are as follows: 

a. A high molecular weight polystyrene sample in toluene. The turbid i ty  of the sample was 
measured on the absolute camera in Dr  I)EBYE'S laboratory,  and it was obtained th rough  the kindness 
of Dr. R. F. STEINER. 

b. A recrystallized sample of Armour ' s  serum albumin having a molecular weight  of 70,o00. 
c. Four  dilutions of a fresh DNA solution whose turbidit ies had been determined on a calibrated 

SPEISER-BRICE appa ra tus  1~. 
All three solutions gave good agreement  for the ins t rument  constant .  The molecular weight of 

the serum albumin was 72,00o ± 3,000 when determined by  this ins t rument  constant .  
ZIMM'S double extrapola t ion method 1~ was found to be applicable to the scattering of light 

for dilute solutions of DNA. 
The infrared spectra were obtained on films of nat ive and enzymically degraded sodium desoxy- 

r ibonucleate solutions which were prepared by  evapora t ion  of 2 ml (5 mg/ml) of solution on 25 × 5 m m  
uncoated silver chloride disks. The spec t rum of these s t rong tough  films of DNA was obtained on 
a double beam, Model 21, PERKIN-ELMER infrared spect rometer  14 with the resolution set at  4 
and the gain at  6. 3 units.  Sodium chloride optics were employed and the wave-length scale was 
calibrated by  the use of the carbon dioxide and water  vapour  bands.  The calibration was accurate 
to ~ o.o2 micron. 

The birefringence measurements  were made on an appa ra tus  of the type described by EDSALL ls. 
The gap width  was o . io  mm. The ro ta ry  diffusion coefficient was obta ined (assuming the elongated 
ellipsoid of revolution model) from the following Perrin relat ionship:  

0 i 6 ~ a a  - - I  + 21n 

Where  K is the Bol tzmann ' s  constant ,  ~ is the viscosity of the solution in poises and a and b are 
major  and minor  axes of the ellipsoid. In  comput ing  0, a/b was set a t  3oo, a value close to the one 
obtained f rom our viscosity measurements  on the GULLAND sample. \ 

The ratio of G/O ( =  a), where G is the  shear rate  and 0 the ro ta ry  diffusion constant ,  as a 
funct ion of ext inct ion angle, was obtained from tables computed  on the basis of the theory  of 
PETERLIN AND STUART 16. 

MOLECULAR WEIGHT AND LENGTH 

Ten ml of 5 mg/ml solution of D N A  in 3 × distilled water was placed in a 7 mm 
diameter dialysis bag. The sample was dialyzed against 3 liters of 3 × distilled water, 
with frequent changes of water, for a 24-hour period. The small amount of denatured 
D N A  caused by dialysis was removed by centrifugation. At the end of this time the light 
scattering envelope of dilute solutions was determined. In five separate determinations 
the parameter 17 P(8) ---- I e / f  o defining the envelope, (where Ie is the reduced intensity 
at any angle and I o is the scattering at o °) at angles between 4 °o and 9 °o was inter- 
mediate between the theoretical curve for the rod and for the coil. 

The observed measurements are shown for a typical case in Fig. I. Where the factor 
P(~) is plotted versus the sine of the angle of observation, the length chosen for the 
theoretical curve was obtained from the limiting-slope of the Zimm plot described below. 
Examinat ion of the scattering envelope of a great many solutions of tile D N A  of varying 
ionic strength showed that in all cases the configuration is intermediate between that of 
a rod and a coil. Fig. 2 is a typical scattering envelope for a solution of ionic strength of 
of 1.0. 

ZIMM'S method of plotting the data employs a double extrapolation, and, as shown 
in Fig. 3, one plots 

H C  
- -  versus sin 2 ~/2 + kc 
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MOLECULAR SCATTERING BY 
DNA IN SALT FREE SOLUTIONS 
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Fig. I. Theore t ica l  and  e x p e r i m e n t a l  
correct ion t e r m s  for d ia lyzed D N A  
solu t ion  as a func t ion  of t he  sine of t he  
angle  of obse rva t ion .  L e n g t h  va lues  
for t he  theore t ica l  cu rves  are  ob ta ined  
f rom cor respond ing  ZIMM plots  s imi lar  

to  Fig. 3. 

M O L E C U L A R  S C A T T E R I N G  BY S O D I U M  T H Y M O N U C L E A T E  
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Fig. 2, Theore t ica l  cu rves  for rod, coil and  
sphere.  Solid do ts  are expe r imen t a l  po in t s  for 

D N A  a t  ionic s t r e n g t h  of Lo.  

where H is the refraction constant, C is the concentration (in grams/ml), v is the turbi- 
dity, 0 is the angle of observation and k is an arbitrary constant. ZIMM uses a constant 

K in the left hand member which is 3 H and shows that  the correction term P(8) for 
IGr r  

large particles may be expressed in terms of a power series: 

c c 2 
I .  P (8 )  = I - - - L  2sin * 8/2 + - - L  4sin 48/2 + 

3 12 

where c ---- 87r2/3 A*, A the wave-length of light and L ----- length of scattering particle. The 
correction term, the scattering and the molecular weight are related by the equation is 

HC I 
2. - - : - -  P( O) + 2BC 

M 

where M is the molecular weight and B is the first coefficient of VAN 'T HOFF'S equation. 
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Fig. 3. Typica l  ZIMM plot  for d i lu te  D N A  solut ion.  Angles  of obse rva t ion  are f rom 4o°-1oo  °. 
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I t  is thus  possible te  ob ta in  from a single plot ,  using double  ex t rapola t ion ,  two different 
l imi t ing  slopes which lead to values  of L and M.  One double  ex t rapo la t ion  plot  typ ica l  of 
some 2o exper imen t s  is shown in Fig. 3. In  this  expe r imev t  a t  an ionic s t reng th  of o.I  and 
D N A  c o n c e n t r a t i o n  of 1-7" lO -4 g / m l  a l e n g t h  b a s e d  on a coi l  m o d e l  of 5,5oo A and 
weight  of 5 mil l ion was obta ined .  The length  is ob ta ined  b y  dividing the  square root  

HC 
of the  slope d iv ided  b y  the  in te rcep t  of the  - - - -  versus  sin 2 0/2 mu l t i p ly ing  b y  1.1o5-lO 3 

T 

as follows : 

\~ t  i n t e r c e p t / ( / i  s l o p ,  ~ ( J ~ )  [ ( J  s l o p e , _  ] 3. L = (A) 2 = in t -~rcep t ) ( i . io5 .103) ]  

F o r  a rod  model  the  re la t ionsh ip  is the  same except  t h a t  there  is an add i t iona l  fac tor  of 

In  o rder  to check the effect of the  ionic s t reng th  on the c o m p u t e d  va lue  of the  mole- 
cular  weight  and  the  niolecular  length,  the  expe r imen t  of Fig. 3 was r epea ted  for a 
number  of solut ions of va ry ing  ionic s t rengths ;  the  resul ts  of these measurements  are 
shown in Table  I. 

In  the  expe r imen t s  summar i zed  in Table  I the  ionic s t reng th  va r ied  from o-2.5 and  
the D N A  concen t ra t ion  va r i ed  f rom o.4-7 .o .  I o  -4 g/ml.  There  appears  to  be a s l ight  
downward  t r end  of the  molecular  weight  values  wi th  increasing ionic s t rength.  The 
average for th is  sample  is 4.51 4- 0.53" lO s • The  molecular  l ength  was def in i te ly  dependen t  
upon  ionic s t r eng th  fall ing f rom 6.8 to 4.2" lO 3 A, a l ength  decrease of 39 %. The  average 
value  of length  in sa l t  solut ions  was 4.58 + 0.58" lO 3 A on a coil model  and  6.5o" Io  3 A 
on a rod  model.  

TABLE I 

M O L E C U L A R  L E N G T H  A N D  W E I G H T  O F  S O D I U M  T H Y M O N U C L E A T E  

Exp. No. Solvent Ionic strength ½ Conc. range Molecular Molecular 
g/ml x r o  4 I 4 ~ / I 1 8 6 C - - > 0  Weight × io -8 Length × zo-3 A 

i FIsO o o.4o-1. 5 2.8 4-55 6.75 
2 HzO o 0.74-5.3 3.0 5.00 6.99 

3 1.2o. lO -4 M KC1 I.IO. Io -8 o.4o-I .  5 3.6 4.16 4.98 
4 1.2o. lO -8 M KC1 3.47" lO-8 o.4o-1.3 3.5 3 .86 4 .86 
5 1.62. lO -8 M KC1 1.27- to -1 0.79-2.9 3.7 5.80 5.15 
6 i.oo. io -1 M KC1 o.346 1.oo-7.o 3.5 5 .0o 5.56 
7 5.00. IO -1 M KC1 0.706 2.50-5.0 3.i 4.Ol 3.62 
8 I.O M KC1 i.oo 2.5o-5.o 3.6 4.55 4 .08 
9 I.O M MgC1 a 1.73 1.oo-3.5 3.5 4 .81 4 .2o 

IO 2.15 M MgC18 2.54 1.oo-5.5 3.6 3.37 4.15 
4.51 -Lo-53 4.58 io .58  

I t  is no ted  in Table  I t h a t  the  in t r ins ic  d i s s y m m e t r y  is s l igh t ly  smal ler  for the  dia lyz-  
ed samples  and  ranges  f rom 3.1 to  3.7. This  range of va lues  is g rea te r  t han  the  m a x i m u m  
value  for an inf in i te ly  long rod  - - 2 . 5 ;  i t  is also g rea te r  t han  the  m a x i m u m  va lue  for an 
inf in i te ly  long nega t ive ly  an i so t rop ic  rod  - - 2 . 8 .  TM These va lues  suppor t  the  concept  t h a t  
the  nttcleic acid  molecule is a flexible rod  and  not  t h a t  of a stiff rod  l ike the  tobacco 
mosaic  virusiL 
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In Fig. 4 there is plotted the coil model length values of Table I versus the square 
root of the ionic strength. The first two 

O I [ P E N O E N G E  O F  M O L E C U k A R  L E N G T H  O N  I O N I C  S T R E N G T H  

. points, obtained on carefully dialyzed 
C )  . . . .  solutions, are approximately 39 % 
O "°' greater than the points obtained at the 
• ..... higher ionic strengths. These values tend 

to suggest that there is a diminution in 
molecular length as the ionic a tmosphere  
surrounding the molecule is increased. 
In view of this effect it was of interest to 
see if there was a length change upon 
addition of salt in the flow birefringence 
experiment 15. The extinction angle of 

e the same dialyzed sample of DNA was 
].measured as a function of velocity 
gradient. Upon the addition of a small 
amount of KC1 (3" lO-3 M) there was a 
marked and reproducible increase in ex- 
tinction angle. This effect is shown in 
Fig. 5- We note a decrease in length of 

about 3 6 % - - a  value in good agreement with the length decrease (39%) detected by 
the light scattering technique. 

MOLECULAR SHAPE 

I t  is of interest to compare the following molecular lengths obtained by the two 
techniques, assuming 3 different models, light-scatter;ng, rod- -9 .6 ,  io  8, coil 6.8. io  3 flow 
birefringence, prolate ellipsoid --4.7" IO8 in salt free solution. The difference in values 
obtained by the two methods is undoubtedly, in part, due to the assumption of different 

Fig. 4. Effect of ionic strength on length of the 
DNA molecule. The open circles are on separately 
weighed and dialyzed solutions. Lengths are com- 

puted on a coil model. 

models used. The equivalent percentage 
decreases in molecular length obtained 
by the two very different methods 
strongly support the hypothesis that  
the DNA molecule undergoes short- 
ening when surrounded by the electrical 
charges of neighbouringions. The theory 
of dimensional change of charged long 
chain molecules proposed by H~RMANS 
AND OVBRBE~-K ~° leads to curves of 
length versus ionic strength which are 
similar in shape and magnitude to the 
curve of Fig. 4. The data of Figs. 4 and 
5 and the similarity between experi- 
mentM observations and above-men- 
tioned theory strongly support the 
concept that  this rod-like charged 
molecule is flexible enough to undergo 

so  t r i J i i i ~ I i 

4 s  

35 

w 3 , ~ O  1 

o ~  i i L i t i i i r i 
o i z ~ 4 5 6 7 s s ~o 

V F L O C I T Y  G R A D I E N T  ( G E C .  - I  ) X IO - 3  

Fig. 5. Dependence of extinction angle on shear 
rate. Addition of 3'  zo-~ M salt results in higher 
extinction angle. The DNA concentration here is 

5'  Io-4 g/ml. 

shortening when surrounded by the charged ion,. 
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G E L - L I K E  B E H A V l O U R  

The data thus far supports the picture deduced by DOTY el al.3, a~ that  the configu- 
ration of the DNA molecule is intermediate between that  of a rod and a coil. In view 
of the hypothesis put forth by BUTLER ~.VND JaxIe~s ~ that  DNA forms in dilute solutions 
a three-dimensional network it was of interest to examine the light-scattering from this 
point of view. In the following we have analyzed the light-scattering data in terms of the 
FLORY_HucclNS21, =2, 2a theory being well aware of the fact that  the idealized molecular 
model used in developing the theory is quite different from the real DNA molecule. 

I t  can be shown that  the coefficient B of equation 2 for many polymer solutions 
where the entropy of mixing (not the heat of mixing) is the predominant effect is given 

by : (1/2 _ _  #) 
4. B = - - =  

l/1 d~ 
where V 1 is the partial  molal volume of solvent, d 2 is the density of the polymer and # 
is the well-known interaction parameter  of the FLORY-HIJoGINS theory. For complete 

miscibility /, has values less than 1/1. When # is 1/2 or greater, plots of AG (partial 
molal Gibbs free energy) versus/~ show a maximum and minimum indicating a separa- 
tion of the system into two phases- -a  gel phase and a solvent phase. The critical value, 
the value at which phase separation occurs, is given by the theory as 

t, c r i t i c a l - : l / ~  I + m ~  ° 

where m is the molecular weight oI the polymer and mo the molecular weight of the sol- 
vent. A recent s tudy of a number  of water-polar gel systems led to values of # varying 
between 0.77 for collagen to 1.15 for silk =4. 

The straight lines with positive slope leading to values of # of 1/2 or smaller obtained 
HC 

in the 1 o experiments cited in Table I, for the - -  versus C plots (shown in Fig. 3) argue 
T 

against the existence of a network at these low DNA concentrations. A value of 1' 
HC 

gleater than 1/2 would lead to an - -  versus C line having a negative slope. I t  should be 

mentioned that  in some experiments it was noted tha t  as the concentration was increased 
HC 

to values approaching I .  Io  -3 g/ml there was a tendency for the extrapolated - -  versus 
T 

C plot to break away from the zero or positive slope straight line to give rise to a nega- 
tively sloped line. At these DNA concentrations difficulty is encountered in removing 
foreign particles and motes which scatter the light from these relatively viscous solutions. 

HC 
Our exploratory observations of the tendency for the - -  versus C plot to change its 

T 
curvature and take on a negative slope at high concentrations will have to be checked. 

To sum up, there appears to be no evidence from the light-scattering experiments 
for a gel structure of DNA in solution in the concentration range of 0 -  7 • IO -4 g/ml. The 
light-scattering experiments support the hypothesis that  in dilute solutions the DNA 
molecules are flexible rods capable of a slight amount of coiling. 
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E F F E C T  OF ENZYME D E P O L Y M E R I Z A T I O N  ON SCATTERING 

Consideration was given to the use of the DNA depolymerizing enzyme .5, 36, ~ as a 
means of checking on the amount  of light scattering due to impurities. The thought 
behind this type of experiment was" as follows: if, after addition of the depolymerizing 
enzyme, the turbidi ty  and the dissymmetry fell to some small value one could at t r ibute 
the original scattering and dissymmetry to the DNA alone. With this in mind a crystal- 
lized sample of the enzyme, obtained from the Worthington Biochemical Co. of Freehold, 
New Jersey, was added under appropriate conditions in the presence of magnesium ions 
to dilute solutions of DNA. The time changes in dissymmetry and turbidi ty were then 
observed. 

EFFECT OF C R Y S T A L L I N E  D N A S E  ON L I G H T  S C A T T E R I N G  
D I S S Y M M E T R Y  OF SODIUM T H Y M O N U C L E A T E  

I ~ -  r i i I I I  I T I - - - T - -  
3 o Cn~STaCUNE 

OE$OX~RI~ONUCLEaSE ONA.  i S X 10-4 G/CC 
z 2 x ,o • G/co 3 6 

3 4 ~  ¢ 

l l !  

l a ENZY~4E 
-- a 5 Aooto 

a.6 

2 

,2.. 

2o 
5 I I10 I / 10 I5 3;0 ~S 4Jo 41 , 510 515 8i0 15 7]O 75 

TIME IN MINUT£5 

Fig. 6. The above two experiments are typical of 6 sets of measurements. 

As shown in Fig. 6 there is a drop in dissymmetry which is followed by a recovery. 
The t ime course of the drop and the subsequent recovery a re dependent upon the enzyme 
concentration. I t  is noted in Fig. 6 that  the minimum value of the dissymmetry is close 
to 2.o. The rate of increase of dissymmetry was proportional to the enzyme concentration. 
There was no complete disappearance of the turbidi ty as would be expected if the DNA 
molecule was degraded to fragments having molecular weights of IO, OOO or less. In a 
half dozen e:~periments the turbidi ty dropped to about 25 % of its original value after 
several additions of enzyme. 

The increase in dissymmetry suggested the possibility that  micelle formation occur- 
red when the product concentration reached a certain critical value. I t  was of interest to 
see if it was possible to determine the particle shape of the aggregate. To this end ob- 
servations were ma de in the range of 40 °-135 °. The observed scattering and the correction 
factors as a function of t ime are shown in Fig. 7. These curves did not easily lend them- 
selves to interpretation. In view of the possibility that, in addition to aggregate scatter- 
ing, there was scattering due to a large enzyme-resistant fraction it seemed advisable 
that  the product mixture be fractionated. 

Preliminary experimentation indicated the following: a. 75 % of the products could 
be dialyzed through a visking bag; b. the dialysate was not precipitatable from a 75 % 
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alcohol solution ; c. 25 % of the original DNA could be precipitated by 5o % alcohol after 
prolonged erzyme action. The alcohol precipitable material appeared to be the same 
substance which was responsible for the re- 
sidual (25 %) scattering. This material was 
isolated from the enzyme mixture by alcohol 
precipitation and centrifugation. I t  could be 
obtained in repeated isolation procedures. 
This material gives the diphenylamine color 
test 2s characteristic of DNA. It  could be 
shown to be DNA and not RNA, and it an- 
alyzed quanti tat ively (by ultraviolet absorp- 
tion) as DNA. 

THE ENZYME RESISTANT FRACTION 

The light-scattering properties of the 
enzyme resistant fraction indicate that this 
material is different from the original DNA. 
The enzyme resistant fraction isolatable from 
the equilibrium enzyme mixture has a char- 
acteristic light-scattering envelope and dis- 
symmetry. In Fig. 8 there is plotted the 

EFFECT OF CRYSTALLINE DNASE ON LIGHT 
SCATTERING OF SODIUM THYMONUCLEATE 

4.Q i ~ 

5 o li ,ee ~,. 
- i 

oi ~ ..... 

'o j _ _ ~  
ol oz o3 o4 ~ o.,~ oe 09 ,o 
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Fig. 7. Reciprocal of I~, reduced intensity, 
as a function of the sin =0/2 of the angle 
of obse rva t ion  a t  dif ferent  t imes  a f te r  

add i t ion  of t h e  enzyme .  

scattering envelope of the enzyme resistant fraction. I t  is noted in Fig. 8 that here, in 
contrast to Figs. I and 2 and the experiments in Table I, the molecular shape is no 
longer intermediate between a rod and a coil. The enzyme-resistant fraction is well 
approximated by  a rod having a length of 
2,646 A. 
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MOLEC, ULAR ,5CATTERIN6 ~ t  D N A  
FRACTION AFTER ENZYME ACTI{~I 
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Fig. 8. Sca t t e r ing  enve lope  of purif ied e n z y m e  
r e s i s t an t  f ract ion.  The  polydisperse  coil curve  
was  ca lcu la ted  for t he  FLORY t ype  d i s t r ibu t ion  

wi th  p a r a m e t e r  Z = I. 
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In Fig. 9 we find the ZIMM plot and dissymmetry of the enzyme-resistant fraction. 
We note an intrinsic dissymmetry of 2.0 in agreement with the minimum values of Fig. 
6. This value is smaller than the theoretical maximum for an infinitely long rod. The 

HC 
curved - -  versus C plot and the high molecular weight--76o, ooo--are  3 little surprising 

T 

in view of earlier studies of a DNA core ~9. 
Since the light-scattering envelope and molecular weight of the enzyme-resistant 

~raction were markedly different from the undegraded DNA it was of interest to compare 
the infrared absorption spectrum of the enzyme-resistant fraction with the spectrum 
of the originM DNA. The two spectra are shown in Fig. Io. The strong broad band in the 
region of 3,300 cm -z is due to the N - H  stretching vibration of the amino and imino 
groups of the purine and pyrimidine residues. The strong bands at 1,66o and 1,75o cm -1 
are probably due to C = O stretching vibrations of the ring systems. Earlier work 3°, 3z, 33, 33 
has shown that  compounds having a phosphoryl (P = O) group have vibrations in the 

,oo , t o o  ~oo  ~ z,ooo 

sO 

eo 

7o 

z 6o 

~o  

6C 

5~ 

4 

CM- I  
I=$00 IpOO I , ~  r It8°° I,IOO i=OOOl 950 900 6~*o i ~ TSO ~ ' ° ° - -  

WAVELENGTH 

Fig. IO. WI spectrum of thin film of highly purified DNA. W2 spectrum of thin film of purified 
enzyme-resistant DNA. 

neighbourhood of 1,235 cm -z. The strong band close to 8 microns in Fig. IO is probably 
due to this group. The intense broad band at 1,o8o cm -z must  be associated with the 
C-O-C vibration of the sugar residues. The two bands between 960 and 1,o15 cm -1 are 
believed to be related to two different P -O-C vibrations. The first of these may  be 
visualized as a nucleoside-phosphate ester linkage (1,o15 cm -1) and the second as an 
internucleotide ester linkage (960 cm-Z). I t  is considered of interest that  the enzyme- 
resistant fraction has a relatively small number of intermediate ester (P-O-C) linkages 
as indicated by  the greatly reduced intensity of the band at 960 cm -z. 
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S U M M A R Y  

i. The  molecular  conf igura t ion  of u n d e g r a d e d  D N A  is i n t e rmed ia t e  be tween  t h a t  of a rod and  
a coil. I t  b ehaves  in l igh t - sca t t e r ing  e x p e r i m e n t s  as t h o u g h  it  were a s l ight ly  flexible rod. 

2. The  d i s tance  be tween  the  ends  of th is  molecule  decreases  a p p r o x i m a t e l y  4 o %  upon  the  
add i t ion  of sal t  as m e a s u r e d  by  l igh t - sca t t e r ing  and  flow birefr ingence me thods .  

3. The  molecular  weight  of a h igh ly  purif ied sample  of D N A  prepared  according to the  m e t h o d  
of GULLAND was  4.51 ± 0.53- lO 6. T he  molecular  l eng th  in sal t  so lu t ions  was  6.50 ± 0.82. io  3 A. 

4. An  e n z y m e - r e s i s t a n t  f rac t ion was isolated from the  D N A  af ter  e n z y m e  act ion.  I t  differed 
in l ight  sca t t e r ing  and  infrared absorp t ion  proper t ies  f rom the  e n z y m e  suscept ib le  mater ia l .  

R~LSUM]~ 

I. La  fo rme  de la mol6cule non  d6grad6e de A D N  est  in te rm6dia i re  en t re  celle d ' u n  bAtonnet  
et  ceUe d ' u n e  bobine.  

D a n s  des exp6riences  de d ispers ion de la lumi~re,  elm se compor t e  c o m m e  un  b~ tonne t  16g~re- 
m e n t  flexible. 

2. A l 'a ide de m6 t hodes  Ia i san t  appel  A la d ispers ion de la lumi~re et ~ la bir6fr ingence du  flux, 
n o u s  avons  t rouv6  que  la d i s tance  en t re  les deux  b o u t s  de la mol6cule d iminue  d ' env i ron  4 ° % par  
add i t ion  de sel. 

3- Le poids  mol6culaire  d ' u n  6chant i l lon  tr~s bien purifi6 d ' A D N  pr6par6 pa r  la m6 thode  de 
GULLAND ~tait  de 4.51 ± 0.53.  lO 6. L a  longueur  de la mol6cule dans  des  solut ions  sal ines 6tai t  de 
6.5 ± 0.82. lO 3 A. 

4. A pa r t i r  d ' A D N  trai t~ pa r  u n  e n z y m e  d6po lym6r i san t  nous  avons  isol6 une  f rac t ion  r6s i s tan te  
cet  enzyme .  Elle se d i s t ingua i t  de la f rac t ion sensible A l ' e n z y m e  pa r  ses propri6t~s de dispersion 

e t  d ' ab so rp t i on  dans  l ' inf rarouge.  

Z U S A M M E N F A S S U N G  

i .  Die Molekelges ta l t  von  u n a b g e b a u t e r  D N S  is t  ein Mi t te ld ing  zwischen e inem StAbchen u n d  
einer  Spule.  Es  verhAlt  s ich in L i c h t s t r e u u n g s v e r s u c h e n  wie ein k a u m  b iegsames  St~tbchen. 

2. Die E n t f e r n u n g  zwischen den  E n d e n  dieses Molekiils n i m m t  n a c h  d e m  Hinzuf i igen  von  Salz 
u m  ungefAhr  4 ° % ab,  wie m i t  M e t h o d e n  der  L i c h t s t r e u u n g  u n d  S t r 6 m u n g s d o p p e l b r e c h u n g  gemessen  
wurde .  

3. Das  Moleku la rgewich t  einer h 6 c h s t  gereinigten,  nach  der  Methode  von  GULLAND darges te l l t en  
Probe  D N S  war  4.51 -4- 0.53.  lO 6. Die MolektiUi~nge in Salz l6sungen war  6.5 ° + o .82 .1o  8 A. 

4. N a c h  E n z y m e i n w i r k u n g  k o n n t e  eine e n z y m r e s i s t e n t e  F r a k t i o n  aus  D N S  isoliert  werden.  Sie 
un t e r sch i ed  sich du rch  ihre E i genscha f t en  bei  der  L i c h t s t r e u u n g  u n d  In f r a ro t abso rp t i on  yon  d e m  
e n z y m e m p f i n d l i c h e n  Mater ia l .  
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