
At present it is not known whether an even most ca: 
dc acid (DNA) can in all respects be identical with 
,~ cell 5. However, such a carefully isolated DNA pre 
Lres which it had when it was in the living cell. The rr 
mt of these features is the proper biological activity. ', 
lled "functionally intact",  and its properties are of mo 
e products of an undetermined degree of "denaturati~ 
e functionally intact DNA preparation may lead to coi 
:he structure. 
Dne proper biological activity which can be demonsl 
ns is their transforming activity e-s. In such preparati  
ico-chemical properties and the biological activity, m 
een these two properties. A phase of such a s tudy h~ 

Unfortunately, at present only few bacterial DNA ] 
e assay for transforming activity, and the studies of 
to the criticism that  the starting material  was a pro 
)roperties studied, such as chemical composition, ar 
"denaturat ion"  (for a recent review, see~); others, s 

s trated m certam DNA prep 
~arations one can indeed study t] 

and determine the correlatio 
has been presented in a rece 

preparations lend themselv 
other DNA preparations a 

)roduct of degradation. Some 
are less likely to change up( 

such as resistance to variol 
s, will be greatly altered ~o. 
~factory s tudy of such DNA preparations cannot be offer( 
taken of the fact that  the DNA of different species, althou{ 
exhibit similarities in their resistance to various agents* 
Lt isolation of any DNA under conditions which would m 
Lving transforming activity may lead to a "functional] 
such isolation, with the addition of an active transformir 

r, are described. Further,  a s tudy of the resistance of DN 
ed a sensitive physical method for detecting the injury t 

~orted by  research gran ts  E 15 (C5) and G 3834 f rom the Nat ion 
Lh Service, and by  an Ins t i tu t iona l  Gran t  f rom the American Canc 
The abs t rac ts  of certain par t s  of it have been presented 1-4. 
nd in the species (Saceharomyces cerevisiae) in which lower p H  c 
zompanied by  a greater  resistance of DNA towards  hydrogen ions 

physico-chemical 
betw, 
publication x°. 

Unf, 
to th{ 
open 
the pro: 
mild 
physical and chemical agents, 

While a completely satisfactor, 
at present, advantage can be 
chemically different n, ~2, do 
I t  is shown in this paper that  
inactivate another DNA havin 
intact"  product. Methods for such 
principle to serve as a marker  
to various agents has provided 
DNA molecule. 

* This invest igation was  suppor ted  
Ins t i tu tes  of Health,  Public Heal th  
Society to Columbia Universi ty.  

** An exception has been found 
the physiological condit ions is accom 
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tical 
7he phosphorus ,  nitrogen, DNA, RNA and protein content 
nd lt. The determinat ions of viscosity and of biological (tra 
described in 1°. 

ration o/Human DNA 
?Iuman spleen (normal) from a living adult  was frozen withff 

at  - - 3  °0 for two days. 12o g of this tissue, freed from fat, 
ns of o.i  M sodium citrate (pH 7-4), or o.i  M ethylenediaminet 
fixture was  then homogenized in a cooled Pot te r -Elvehjem 1 

ml ice-cold sodium citrate or EDTA as above. The homog, 
~o g, and the supe rna tan t  discarded. The residue was now sl 
entrifuged as before. This operat ion was repeated two more 
• 250 ml of 2 M aqueous NaC1 solution, in order to ext rac t  DN 
ple, containing 51 7 DNA]ml,  to  serve as a marker.  The mixl 
grinder for 3 min and then left in the cold for two d a y s . '  

our at  i9oo g. To the opalescent supe rna tan t  2 volumes of 
,f 15o ml per hour, with cons tant  slow swirling of the recipie 
washed in 75 % aqueous ethanol,  drained and redissolved in 

¢/ aqueous NaC1 solution made O.Ol 5 M wi th  respect  to sc 
" s t anda rd  buffer".  To this solution was added 1/9 vol. of 5 

o115,16, and the mixture  was stirred for one hour  at  room t* 
[, to obtain a final concentrat ion of 5 % NaC1, the mixture  ,' 
~rature, and tben left overnight  at  4 °. The mix ture  containir 
fuged for one hour  at  31,ooo g; to the clear supe rna t an t  2 
scribed before; the result ing fibers were lifted, washed in 7 

ml s tandard  buffer wi th  I]9 vol. 5 % Duponol,  and the m 
was  then added to obtain  5 % NaC1 solution, and the mix tu  
scribed before. To the final clear supe rna tan t  2 vols. absolu 
ibed before, the fibers lifted, washed in 75 % ethanol, and re( 
, 1 A  ~ ~ 1 ~ "  ~ r o r ~ r  ~ r l c o n n ~  ~ o l n t i o n  a o n t ~ i n i n g  Taoo v DNA/ml  

)ient flask; the resulting fibers we 
in a cooled tissue grinder in 200 
sodium citrate (pH 7.I), hereaft  

% "Duponol"***  in 45 % aqueo 
tempera ture .  Solid NaCl was th  
stirred for another  1/s h at  roe 

containing precipitated Duponol  was th  
vols. alcohol were slowly adde 

75 % aqueous ethanol,  redissolv 
mixture  stirred for one hour;  sol 

mixture  stirred, stored and centrifuge 
~solute ethanol  were slowly added, 

redissolved in 4 ° ml s tandard  buff 
lution, containing 149o 7 DNA]ml.  Total  yield 6o mg, of which 1~ 
,,enzae DNA. The final solution was active as t ransforming princi t 
~ative test) and remained so for at  least 3 months ,  when stored 
ck solution").  Unless otherwise stated, this method of storage 
[ all the steps were performed at  o-4 °, using only glass, rubber  

was also prepared using an identical procedure bu t  omit t ing D )  
pt for the lack of t ransforming act ivi ty in the lat ter  preparat i (  
ishable and were analysed jointly. 
~ck solution were dialysed against  running  water  for 24 h and agaiI 
ibrator  at o-4 ° for another  24 Ix. The solution was then dried fr( 

por t ion of this product" was dried over PsO5 in a vac uum at  7 
ore. DNA lO1%, RNA less than  o .3%,  Protein less t han  o.2 ~ 

ions of E D T A  were used: a. "Seques t rene"  (Alrose Chemical C 
~ne" (Bersworth Chemical Co., F ramingham,  Mass.). 
yl sulfate and other  fa t ty  alcohol sulfates manufac tured  by E. 
ilmington, Del. 

o.14 M 
called 
ethanolXS, 16 
added 
temperature ,  
centrifu 
as desc 
in ioo 
NaC1 
as descrit 
described 
to yield a dear ,  very  viscous solution 
than  0.3 % was Hemophilus influenzae 
in Hemophilus influenzae (qualitative 
the frozen s ta te  at  - - 1 5  ° ("stock 
used t h roughou t  this work, and 
plastic tools and vessels. 

A sample of h u m a n  DNA 
of Hemophilus influemae. Exce t 
the two samples were indistinguishable 

For  analysis, 5 ml of the stock 
2 liters distilled water  on the v ibra tor  
the  frozen state  in a vacuum.  A 
and analysed, as described before. 
P 8. 7%,  N 14.2%, N / P  1.63. 

* Compare 12, la. 
** Two commercial  prepara t ions  

Providence, R.I.),  and b. "Versene"  
***A mixture  of sodium laur'  

Du Pon t  de Nemours  & Co., Wilminl 
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l o b ,  . )  1111 O l  C l U t l C  t l i i l l b i t l i l i l l I l g  pr inc ip le  w e r e  a u ( l e u  cluring 
n DNA.  Yield  ioo  rag, of which  less t h a n  0.2 % was Hem¢ 
on was  ac t ive  as t r a n s f o r m i n g  pr inc ip le  in Hemophilus inl~ 
~d so for a t  leas t  3 months ,  when s tored in the  frozen s t a t e  a 
For  analys is ,  an a l iquo t  of the  s tock  solut ion of ox DNA wa 

for h u m a n  DNA. D N A  96 %, R N A  less t h a n  0. 3 %. P ro te in  1~ 
[.68. 
l~he fact  t h a t  the  t r a n s f o r m i n g  pr inc ip le  was ac t ive  in the  fi: 
RA was  no t  in jured  from the  m o m e n t  of ex t r ac t i on  t h r o u g h o  
itative i n fo rma t ion  as to  the  poss ib i l i ty  of i n ju ry  in the ini~ 
:reed, in which  the  excess of ox D N A  over  h r. influenzae DN~ 
3o mg fresh calf t hym us ,  free f rom fat,  were washed  in 5o 
were added  2 ml of crude t r ans fo rming  pr inc ip le  so lu t ion  of 

,.i), con ta in ing  4 O~/o NaC1 and  o . 5 %  Duponol .  The t issue wa~, 
Ljem glass t i ssue  gr inder  and  the  homogena t e  t es ted  for D N A  
t i t a t i v e  test) .  This  homogena te ,  which  con t a ined  I29 ~ ox I 
ll, had  the  same a c t i v i t y  per  7 H. influenzae D NA as the  
ple, which  was not  in con tac t  w i t h  the  t h y m u s  gland.  
Fhese resul t s  ind ica te  t h a t  in the  above  condi t ions  the  Db 
on; ind ica t ion  is also ob t a ined  t h a t  in the  condi t ions  of the  
of hr. influenzae is not  i nh ib i t ed  by  twice  the  a m o u n t  of , 

nat ion on th is  sub jec t  for h igher  ra t ios  of ox DNA/H.  influenz, 

~tock solu t ion  of ox D N A  was  mixed  wi th  s tock  solu t ion  ( 
rain 230 7[ml ox D N A  and  i ~,/ml H. influenzae DNA. No d 
guenzae was observed  as compared  w i t h  the  cont ro l  in which  o~ 
n the  condi t ions  of th i s  q u a n t i t a t i v e  t e s t  the  ox DNA, even i: 
• ans fo rming  a c t i v i t y  of the  D N A  of H. influenzae, and  t h a t  
to  the  former  indeed m a y  furnish  in fo rma t ion  as to the  degr 

D N A  remains  uninjured during e 
test  the  transforming ac t iv i ty  

ox  D N A .  To obtain quant i ta t i  
tuenzae D N A ,  the fol lowing exper ime 

of purified transforming princi~ 
decrease of ac t iv i ty  per y D N A  

D N A  was  omitted.  This  indicat 
m 23o-fold excess,  does not  inhit 

the method of adding the latt 
gree  of injury suffered by  the DN 

tance to physical and chemical/actors 

roman and ox DNA to heat was studied as follows. 
k were diluted with standard buffer to concentrations 
.' viscosity determined, as described before. Each solutic 
portions; each portion was heated in a stoppered test tu~ 

,ath for a period of one hour, cooled to 23 °, and subjecte 
tions. The results are represented in Fig. I. It will be see 
of human, ox and H. influenzae ~o DNA are similar und~ 
what lower stability of human DNA might be due to tl~ 
lease activity was higher in spleen (starting material ff 
Ls 17 or in H. influenzae ~o, with the resulting slight injury t 
,tion. It is also possible that the biopsy material (huron 

gRT SCHRAGB for the preparation of one batch of ox  D N A .  

DNA 
in fo rma t ion  
was  performed.  

S tock  
to  obt~ 
H. in l 
t h a t  in 
the  t rans formin  
D N A  
molecules.  

Resistance 

Heat. The resistance of hum~ 
Stock solutions of DNA 

36O-lOOO 7 DNA/ml and the 
was then divided into o.6 ml 
on a constant temperature bath 
again to viscosity determinations 
that the stabilities to heat 
similar conditions. The somewh 
fact that the desoxyribonuclease 
human DNA) than in thymus ~7 
human DNA during preparation. 

* We are g ra te fu l  to  Dr. ALBERT 

Re[erences p. 47 o. 

o t i le  one for the  p r epa ra t i on  of h u m a n  

r t i ng  m a t e r i a l ;  no t  more t h a n  3 ° min  al 
d ry  ice and  s tored for 2 days  a t  - - 3  ~ 

z h af ter  removal ,  the  depro te in i za t ion  
i s  less s tab le  to  hea t ;  such m a t e r i a l  mi  

cere reworked,  as descr ibed before for 
mes la rger  vo lumes  for ex t r ac t i on  and d 
is t issue.  The f inal ly  depro te in ized  mat  
y v iscous  solut ion con ta in ing  i mg to 
as s tored in the  frozen s t a t e  a t -  15 ° ( 

reworked,  as descr ibed above,  bu t  usin 
pr inc ip le  were added  dur ing  the  preps 
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These temperatur~ 
detect ing the injuries t 

, , , , , , seen later on, the DN~ 
40 60 80 100 °C zyme,  drying or dialys 

. i .  S t a b i l i t y  of D N A  to  h e a t .  this range of temperatx 
v e  I : h u m a n  D N A  in s t a n d a r d  
fer (see t e x t )  ; C u r v e  2 : o x  D N A  a partial explanat ion 
~ t a n d a r d  bu f fe r ;  C u r v e  3:  o x  reported in the literati 
A in d i s t i l l e d  w a t e r .  T h e  ord i -  

i n d i c a t e s  t h e  spec i f ic  v i seos -  a stabilizing action of 
(al l  m e a s u r e d  a t  23 °) as  chelating agents shouh 

: e n t a g e  of maximum v i s c o s i t y ;  heating for one hour  w~ 
abscissa indicates the temper- which the citrate or ott 

res t o  w h i c h  e a c h  s a m p l e  w a s  
osed  for  one  h o u r  p r i o r  t o  by  phosphate  (final pH 

m e a s u r i n g  v i s c o s i t y ,  the viscosity (ox DNA) c 

lilar results were obtained when test ing for act ivi ty  ot 

E F F E C T  OF V A R I O U S  B U F F E R S  ON S T A B I L I T Y  Ol 

)tl 7-3) oI tne same concentrat  
decreased considerably (Tabl 

of DNA of H. inl~uenzae 1°. 

T A B L E  I 

OF OX D N A  TO H E A T  

Citrate EDTA Phosphate 

1 9 . 2  

81 ° C 0 -  3 o 39.4 

w i t h  r e s p e c t  t o  NaC1 a n d  O.Ol 5 M w i t h  r e s p e c t  t o  c i t r a t e ,  e t h y  
or  p h o s p h a t e .  D N A  c o n t e n t  420 T/ml .  

interpreted as indicating tha t  the stabilizing action of 
g agents is a result of the removal  of the magnesium i 
in the  DNA molecule; however,  the possibility of a depo] 

te buffer at  higher tempera tures  cannot  be excluded. 
a s tandard  (citrate) buffer was repeated in the presenc 
d excess over the stoichiometrical  amount  bound  by  citl 
y was not  observed. 
n i l  oscillations depends on ionic s trength 19. This subject 

Simil~ 

H e a t e d  i h at  

E a c h  buffer  was  o.14 M 
d i a m i n e  t e t r a a c e t a t e  ( E D T A )  

These results may be 
citrate and other chetatin 
suggested *I and reported .2 in 
erizing action of phosphate 
the heating experiment in 
added Mg +~ ion in five-fold 
a decrease of heat stability 

The stability to thermal 
be discussed later. 
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material  obtainable from the slaut 
Another  alternative, the differen, 
of different species, is less pro 
striking similarities in stabil i ty 
tions from species as distant  as 
however, some slight species d 
cannot  be entirely excluded at t 

The stabilities to heat  are 
viously reported for ox (calf tl~ 
examinat ion of Fig. I reveals t 
practically unaffected by heatiI 
peratures  as high as 76° to 81 °. 
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to the DN 

DNA prepar 
Isis, lose t[ 

)eratnres. This 
of the h 

literature. How 
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Per cent viscosity drop 
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v 
inst running water  at 12 ° and 48 h against two 2 1 p( 

vibrator. To the contents of the bags o.I vol. of I 
solution precipitated with 2 vols. absolute ethano 

!cr to obtain a concentration of 430 r DNA/ml ,  check 

PECIFIC VISCOSITIES (lisp) AT 23 ° OF OX DNA DIALYSED OR E 
IN ~o OF CONTROL (STOCK SOLUT 

D N A  C o n t e n t  43 ° y p e r  ml S t a n d a r d  

Treatment Dialysis 

M o i s t u r e  c o n t e n t  
a f t e r  d r y i n g ,  % 

See t e x t  for  t h e  d e s c r i p t i o n  of t r e a t m e n t s .  

viscosities at  23 ° were then measured, as describe~ 
a heated for one hour to temperatures specified, coc 
3 °, and the viscosities measured again. The results 

- -  2 .76 28.35 < i 5.3 

64 

described before. 0.6 ml portions w 
cooled % 7sP 

are 1 0 0 .  . ~ _.,. 
t Fig. 2 (Curve 2). 

o n o  n o  

~ck s o l u t i o n )  ; C u r v e  2 : d i a l y s e d  ; C u r v e  
for  2 d a y s  ( m o i s t u r e  c o n t e n t  2.8 % ) ;  

t a q u e o u s  NaC1 s o l u t i o n  for  2 d a y s  
ve 5 : d r i e d  in  a v a c u u m  o v e r  P2Os for 

; C u r v e  6:  d r i e d  w i t h  a b s o l u t e  e t h a n o l  
, a c u u m  o v e r  P~O 5 for  2 d a y s  ( m o i s t u r e  
I d i c a t e s  spec i f ic  v i s c o s i t i e s  ( a t  23 °) as  
l e a t e d  s a m p l e s ;  t h e  a b s c i s s a  as  in  Fig .  i .  

60 70 
,'s a re  n o t  m e a s u r e d  a t  o v e l o c i t y  g r a d i e n t ,  no  a t t e m p t  is m a d e  In 

~]sp o~ IOO 

The 
then 

to 23 °, 
represented in Table n and 

Fig .  2. S t a b i l i t y  of  o x  D N A  to  
h y d r a t i o n .  C u r v e  i : c o n t r o l  ( s t ock  
3: d r i e d  in  v a c u u m  o v e r  P 2 0 5  
C u r v e  4:  d r i e d  o v e r  s a t u r a t e d  
( m o i s t u r e  c o n t e n t  28. 3 %)  ; C u r v e  
I d a y  a n d  t h e n  a t  a t m o s p h e r i c  
( m o i s t u r e  c o n t e n t  less  t h a n  i %)  ; 
a n d  w i t h  e t h e r  a n d  s t o r e d  in  a v a c  
c o n t e n t  5-3 %) .  T h e  o r d i n a t e  i n d i c a t e s  
p e r c e n t a g e  of v i s c o s i t i e s  of  n o n - h e a l  

* I n a s m u c h  as  t h e  v i s c o s i t i e s  
t o  c a l c u l a t e  t h e  s izes  of t h e  mo lecu l e s .  

Re/erences p. 47 o. 
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v v 

)NA solutions a° a2. I t  has also been suggested aa-a6 
1 changes in the length of the molecule, presumably  
iling) caused by  repulsions of anions of the DNA me 
md in ~° suggest tha t  for the ionic strengths lower than 
changes are irreversible. This m a y  be due to the b 

~, such as hydrogen bonds, during the stretching. Tt 
tilled water, is more vulnerable to thermal  oscillatim 
?RICE ~9. Their experiment  was now repeated  by  expo 
sed solutions (prior to salt addition), diluted with 
ations 56o y DNA/ml,  to various temperatures .  The 
: (Curve 3). 
-Ieating in distilled water  for the period of one hou 
:ed decreases of viscosity than those reported by  Mi 
rain, presumably  because the less injured s tar t ing ma 

vulnerabil i ty of DNA sol~ 
be noted tha t  some injury,  

the effect of dehydrat ion 
;ule is of some interest, not  only from the theoretical  p 
widespread practice of "preserving" DNA in a dried 

te X- ray  diffraction and electron microscope studies. 
; ml portions of the stock solution containing I mg o 

svuyal~ anti r n c e  ior tne pent  
material  was used in the presel 
solutions in distilled water  w~ 

7 occurs even at room temper  

on the integri ty of the DN 
)oint of view, but  also becau 

r ied  state and using dried materi  

ox DNA/ml  were precipitate 
bsolute ethanol. The resulting fibers were lifted, washed ! 
ethanol, well drained and stored at 23 ° in desiccator 
2 days);  b. over sa tura ted  NaC1 solution (humidity 75 ° 
suggested by SIGNER ANI) SCHW'ANDER a7 (2 days);  e. ov 
), followed by storage at atmospheric pressure over CaC 
solute ethanol  and ether prior to storage over P205 in 
forage, each sample was divided into two parts:  one w: 
ier to obtain a concentrat ion of 430 y DNA/ml,  and su] 
viscosity and heat  stability, as described above;  anoth  
P~O 5 in a vacuum,  to determine the moisture content• Tt 
.ble I I  and in Fig. 2 (Curves 3-6.) 
• 2, drying in general reduces the stabil i ty of DNA to hea 
f samples dried under  SIt;NER AND SCHWANDER condition 
~nth, or dried with absolute ethanol and ether, were low 

experiments;  nevertheless, the 
confirmed. In  particular,  it is to 
ture. 

Dehydration. The s tudy  of 
molecule is of 
of the 
for the 

5 
by  addit ion of two vols. of absolute 
two 5 ml portions of 75% 
a. over P=O5 in a vacuum (2 
at atmospheric pressure, as 
P205 in a vacuum (one day), 
(3 ° days);  d. dried with absolute 
vacuum for 2 days. After  stora 
redissolved in s tandard  buffer 
jected to determinat ion of viscosit, 
par t  was dried at 75 ° o v e r ' P  
results are represented in Table 

As can be seen from Fig. 
In  addition, the viscosities of 
s tored over CaC12 for one month  
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sity in s tandard  buffer is not  afle~ 
onic s t rength (Table II). Indeed, 
y workers to investigate the prope 
ity upon exposure to lower ionic 
ave occurred. In  an a t t empt  to 
~an biological, these solutions (nou 
inspection of Fig. 2 (Curve 2) reve~ 
~e stabilities to heat  (at 760 and 
the exposure to low ionic strengt 
as follows' 

the changes of salt content  influ( 
tha t  the 
by  influe 

molecule. T 
the phys 

b reakage ,  
That  the E 

tions has be, 
exposing the 1 

distilled 
The resulted 

hour resulte 
Miyaji and 

DNA in 
" in tacF '  
~dieates, 
te these 
d buffer) 
ompared 

t reated 
m DNA. 

eosity of 
0- due to 
retching 
resented 
nditions, 
al labile 
le, while 
," MIv•k! I 
[escribed 
the con- 
ented in 

less pro- 
Le period 

)resent 
W a S  

)era- 

DNA 
because 

terial 

) i tated 
in 

iccators, 

75 %) 
over 

CaC12 
a 

W a S  

sub - 
another  

• The 

heat• 
nditions, 

lower 



L 

est igated on the similarly dried ox DNA, an unusual  
viour towards  thermal  oscillations was noticed. 
~amples of ox DNA, lyophilized as described above 
not  dried over P~O 5 at 75°), were stored over CaC12 
nospheric  pressure for a period of 4 months  or 2 years. 

samples were dissolved in s tandard  buffer to obtain 
mtrat ions 0.3 to 1.5 mg DNA/ml,  and were subjected 
e stabil i ty determinations at various temperatures .  
:esults are represented on Fig. 3. I t  will be seen tha t  
iscosities of samples so dried are considerably lower 
those of the non-dried controls. 
Llpon closer examinat ion it was found tha t  these vis- 
es (unlike in the intact  DNA) are not constant ,  bu t  
ase at  a rate of i to 2% per hour. 
~.s the behaviour  of the solution is not thixotropic 5, 
acrease of viscosity could not  be due to random repo- 
dzation. When  heated  (and then re turned to 23°), 
msual  considerable increase of viscosity, ra ther  than 
ase was observed (Fig. 3)- The increase is more pro- 
ted with the increased tempera ture  of heating. I t  is 
dvable tha t  the drying of dialysed solution from the 
n state, followed by  storage, brought  about  a change 

s I I F 

40  6O 
Fig. 3. Viscosities of lyophiliz~ 

DNA. Curve C: 
(stock solution, not lyophilizec 

i and 2: lyophiliz~ 
DNA stored for 4 months (Cur, 
I) or 2 years (Curve 2) over CaC 
at atmospheric pressure ar 
redissolved in standard buffe 
The ordinate and the abscis 

as in Fig. i. 
ions between molecules, and 
versed by temperature  oscillations. A complete reversal 
,are also loss of biological act ivi ty 6) ; thus, DNA so dried 

vas recently reported 1° tha t  the desoxyribonuclease, eve 
o cause practically no drop of viscosity of DNA, is able 
truction of biological activity.  I t  seemed impor tan t  to il 
nges can also be demonst ra ted  by  phenomena  other  tha 
~. As shown below, the loss of stabil i ty to heat  was agai 
~tection of these changes in the DNA molecules. 
stock solutions of human  or ox DNA, containing 65 ° ~, DN 
L of the enzyme solution were added at t ime o. The latt~ 
crystalline desoxyribonuclease (Worthington Biochemic 
~queous solution, containing 0.035 % gelatin and 0.02 mok 

A s  

the increase, 
lymerization. 
an u n  
decrease 
noun, 
conceivable 
frozen 
in a s y m m e t r y  or m associations 
tha t  this change is slowly reversed 
never achieved (Fig. 3 ; 'compare 
also irreversibly degraded. 

Desoxyribonuclease. I t  was 
in concentrat ions so low as to 
produce a demonstrable destructi( 
vestigate whether  these chan 
the loss of biological activity.  
found appropria te  for the detection 

To IO ml port ions of the stock 
per ml s tandard  buffer, 4 ml 
was prepared by  dissolving 
Sales Co., Freehold, N.J.) in aql 
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ples (Table u). The most  damagi 
of drying the fibers with absolut( 
more rapid dehydrat ion,  to the p: 
tots. 
stabil i ty to heat  follow the loss of 

g does indeed cause irreversible ( 

~A from the frozen state in the lyof 
in a loss of biological act ivi ty  e. TI 
ally preceded by  dialysis, and the r 
ect of both  of these processes. Wh 
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4. Stability of human DNA (Curve A) and ox ml  of i t  
A (Curve B) to crystalline pancreatic desoxy- 
nuclease. Curve C : controls (human and ox DNA) also kep  
tout desoxyribonuclease. Arrows indicate remow cos i ty  w 
:. samples (IA-3A: human DNA; IB--3B: OX DNA) of 190 t( 
stability test (Figs. 5 and 6). The ordinate indi- 
s specific viscosities as percentage of maximum were  pe 
osity; the abscissa indicates time of incubation m a i n  po 
t 1. 7' IO -5 to 8. 5" IO -s 7/ml desoxyribonuclease t a t e d  b 3 

at 3 o. i ' .  DNA content 465 7/ml, f ibers w 

5 m l  p o r t i o n s  of 7 5 %  e thano l ,  wel l  d r a i n e d  a n d  r 
a d a r d  buffer .  Th i s  p r o c e d u r e  was  f o u n d  comple t e l !  

y m e ,  as t h e  so lu t ions  so p r e p a r e d  suf fe red  no f u r t h  

i n c u b a t i o n  a t  3o.1°.  The  so lu t ions  were  t h e n  t e s t e d  

ious t e m p e r a t u r e s ,  as d e s c r i b e d  before .  T h e  result~ 

each  point )  are  r e p r e s e n t e d  in Figs .  5 a n d  6. 

r esu l t s  / m e a n  v a l u e s  oI 2 to  3 t 

, o o  ~ " - - - - ~ c  

9O 

8O 

30  , . . . . . .  u_ 
60 70 80 °C 

mDNAinjured  by Fig. 6. Stability to heat of ox DNA injure 
ontrol (not expos- desoxyribonuclease. Explanation as in Fi~ 
trves 1- 3: samples 
ated by arrows in 
,scissa as in Fig. i. 

!ollowing. W i t h  low c o n c e n t r a t i o n s  of e n z y m e  as in th is  
~eriod in t he  d e p o l y m e r i z i n g  ac t i on  of t h e  e n z y m e  car  
esu l t  was  o b t a i n e d  for  D N A  of H. influenzae 1°. D e s p i t e  

le e n z y m e  does  e x e r t  s o m e  ac t i on  in th is  p e r i o d  as ev idm 

%~sP 
100_ 

s °¢~ -  . . . .  7o 8b °c 
Fig. 5- Stability to heat of human DNA i 
desoxyribonuclease. Curve C: control 
ed to desoxyribonuclease); Curves 
removed at the moments indicated 
Fig. 4. The ordinate and the absc 

Figs .  4--6 r e v e a l  t h e  fo l lowin 

p e r i m e n t ,  an  in i t i a l  lag  

d e m o n s t r a t e d .  A s imi la r  r e su l t  
lag  in d e p o l y m e r i z a t i o n ,  t he  

Re~crevices p. 47 o. 

. . . . . . . .  , . . . . . . . . . . . . . .  j . . . . . . . . . . . . . . . .  

ut ing in s imi la r  gelat in-MnC12 solu 

-s to 3" i o  ~ ~,/ml ( d e p e n d i n g  on t 

t i cu la r  b a t c h  of 

b y  t h e  m a n u f a c  

B 3B t r a t i o n s  of t he  , 
, so lu t ion  were  t 

A~"-"~ 8. 5 • IO -a y /ml .  Wh 
5A v a t o r  a~, since Mg ~ 

v i e w  of t he  pres  

buffer .  T h e  D N A  
I . . . . .  L - -  

2 0 0  2 5 0  i m m e d i a t e l y  plac 

introduc~ 

)t a t  3o . I  
was obser,  

19o to 27o m i n  
~eriodicall? 

~ort ion an( 

,y 2 vols.  

were  l if ted 

red i sso lve  

p l e t e l y  to  ina( 

f u r t h e r  loss of 
for thei:  

r esu l t s  (mean  

%%P 

Ain 

of t h e  par -  

fu rn i shed  

d concen-  

t h e  D N A  

7" IO-S to  

ed  as ae t i -  

be  used  in 

a te  in t he  

lu t ion  was 

, a n d  o.25 
s cos ime te r  

[rop of vis-  

t he  pe r iod  

nl a l i quo t s  

f r o m  t h e  
ly p rec ip i -  

e r e su l t i ng  

]ccess ive ly  

m r t i o n s  of 

e m o v e  the  

; a c t i v i t y  1° 

Lo h e a t  a t  

to  t e s t s  

ured by 
g. 5- 

e x -  

can  be  

the  
e v i d e n c e d  



. . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] . . . .  d . . . . . . . .  

ften been studied. One of the reactions involved in l 
try amino groups. I t  has been reported that  the prin 
hymic acid" also reacts with formaldehyde4t 
in the present work the influence of formalde- 100_ 
on highly polymerized DNA has been studied. 
['o the o.4 ml portions of stock solutions, con- 
lg 560 ~ DNA/ml, 0.2 ml of 12 M formaldehyde 75_ 
mdard buffer (or standard buffer alone in the 
ol) was added. The resulting solutions (4 M 
respect to formaldehyde; p H  7.2 and constant 50 
lghout the experiment) were incubated at 3o.I 
e viscosimeter. The results of the viscosity Fig. 7 

I) am urements are represented on Fig. 7. hyde. 

it will be seen that  incubation in 4 M HCHO DNA 
s gradual decrease of viscosity in both human, The o 
,X DNA. Parallel s tudy on DNA of H. influen- indic~ 

revealed a similar loss of viscosity, and also 
,f biological activity. A probable interpretation 
~se findings is that  the formaldehyde reacts slowly wi 
[enine, guanine and/or cytosine, and that  in this r 
• ogen bonds?) are broken to cause a decrease of asym 

collapse or by actual decrease of molecular weight. 

~ i t u  u ~  ~ ± l . r x  ~ , , u L  v t ~  k )  L u  l . u l t l t a . t u  

Curve C: control (human and 
not  exposed to formaldehyd¢ 

ordinate as in Fig. 4; the abscis 
indicates t ime of exposure to 4 M fori 

3 o.I° .  DNA 
373 7/ml. 

with the pr imary amino grou 1 
reaction enough labile born 

ymmet ry  of the molecule, eith 

~n peroxide. Peroxide solutions have been reported to d 
have no effecO a,4% The discrepancy might be due to tt 
rities such as ferrous ion. The latter, in concentrations 
recently been found to destroy the transforming activil 
errous ion is also known to be a potent  mutagenic agenV 
involves the formation of free radicals. In the presence 
NTO~'S reagent 47, which produces oxidative free radical 
)2, the production of free radicals may  proceed by autox 

was therefore of interest to investigate the influence 
added pe rox ide - -on  DNA, using concentrations 

;e not only biological inactivation ~0, but also a detectab 
s of DNA. 
taining 57 ° ~ ox DNA per ml standard buffer, o.3 ml 
FeSO4 solution in standard buffer were added, and tl 

Causes  

and ox 
zaelO 
loss of 
of these 
of adenim 
(hydrog, 
by its 

Ferrous ion and hydrogen 
polymerize DNA a2-44, or to 
presence or absence of impurities 
low as 10 -5 to 10 -4 M, has 
of DNA of H. influenzae 1°. Fern 
The mechanism presumably 
H20~, ferrous ion forms FENTON'S 
In the absence of added HzO, 
dation of ferrous ion4S, 49. I t  
ferrous i o n - - w i t h  or without 
ferrous ion sufficient to cause 
change in physical properties 

To 0. 5 ml portions, containin 
freshly prepared 8 . I0  -3 M 
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even in the  absence of typical  
la t ter ,  of course, g rea t ly  inc 
W h e n  the expe r imen t  was repq 
H20  2 (which in i tself  caused 
Curve 2), the  viscosi ty  decr( 
(especially in the  beginning) 

1 Fe  +2 and  H20  2 t aken  separa 

Fig. 8. Stability of DNA to Fe ~'~ a 
not exposed to Fe +2 or H202); C 
34 Fe +2 with and without additk 
DNA exposed to 2 . io -2M Hz( 
3 ' I o - aM Fe +2 and 2.Io-2M H~ 

abscissa indicates time of expos 
50 100 150 200 

The na tu re  of the  reac t ions  invo lved  is unknown.  
)olymerizat ion,  deamina t ion ,  dephosphory la t ion ,  splitl  
;ugar and  of pur ine  and  pyr imid ine  r ings can be produ¢ 

ident i f ica t ion  of the  p roduc ts  of such s t rong reactiol  
: i t  is doub t fu l  whe ther  the  same k inds  of p roduc t s  ar. 
e s t iga t ed  here,  and  in those  which occur  in the  cell. 

Other agents. Numerous  agents  t e s t ed  in condi t ions  d 
have no i r revers ible  effects on v iscos i ty  nor  on hea t  

~ t  z 3 , t ) ± ' ~  con l . en~  337  Y/lj 

extens ive  damage  inclu( 
sp l i t t ing  of bases,  and  even brea~ 

)roduced b y  s t rong F e n t o n ' s  reage 
reac t ions  has recen t ly  been reporte  

are  involved  in the  mi ld  reac t  

descr ibed  below have  been  fo 
s t ab i l i ty  of DNA.  These ag{ 

[ to have  no effect on t r ans fo rming  ac t i v i t y  ~°. Some of t t  
Lhe p repa ra t ion  of D N A ;  o thers  have  been r e p o r t e d  as ha~ 
=arcinogenic act ion.  
ms (2 M for one week at  6°); 75 % e thano l  (7 processe 
)rage a t  6 ° for one week);  ch lo ro fo rm-n-pen tano l  mix tu re  
tt 6 °) ; sod ium desoxychola te  (o. 4 M for 4 h at  23 °) ; sod 
t a n d a r d  buffer a t  6 ° for 2 weeks) ; e thy l  mercur i th iosa l i cy  
23 ° for 2 h and  at  8 ° for 24 h); NH4 + ion (as 1.5 M N H  

gor 4 h)" fo rma ldehyde  (o.33 M at  23 ° for 5 h and  a t  6 ° 
o ° for one h) ; u rea  (o.I M at  760 for one hour) (the last  
t to  dena tu re  D N A  51, poss ibly  by  act ion on the less inl 
vine (neutral) (o.2 M ;  12 hours  at  6°); u re thane  (o.75 
*.5"IO-a M), guanine  and  guanozole  (1.7"IO -4 M), cy to  
S-zo e M) (all pur ines  and  pyr imid ines  2 hours  at  23 ° 

depoly 
of su 
Th~ 
bu t  
inves t i  

to hav, 
were also previously  found  
were used  in this  work  for the  
dena tur ing ,  mutagen ic  or  carcmo 

Aqueous  NaC1 solut ions 
p rec ip i t a t ion  at  23 ° and  s tora  
(one week,  wi th  shaking,  a t  
dodecyl  sulfate  (0. 4 M in s t anda rd  
("Mer th io la te")  (o .o i% at  
a d j u s t e d  to p H  8, a t  23 ° for 
42 h);  phenol  (o.65 M a t  5 
agents  have  been r epor t ed  
s ta r t ing  mate r i a l ) ;  acrif lavine 
4 ~  h at  23°); adenine  (4.5 
( 3 . 4 " I o - 2 M ) ,  t hymine  ( I .8-1o 2 

Re/erences p. 470. 

le viscosimeter  at  23 °, as descriI 
m presence of a d d e d  peroxide ,  the 
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['he h u m a n  and  ox  D N A  were p repa red  by  m e t h o d s  one of wh 
g t r a n s f o r m i n g  ac t iv i ty ,  to serve as a m a r k e r  of " n o n - d e n a t  
tested for the i r  res i s tance  to hea t ,  ionic s t r eng th ,  dehydra t i  
'ar ious o the r  m u t a g e n i c  or  p ro te in  d e n a t u r i n g  agents .  No 
race were found.  T he  res is tance  to h e a t  was  found  to be consi  
s in wh ich  t he  in jur ious  effects of low ionic s t r eng th ,  dehyd l  
aot  excluded.  Th i s  loss of s tab i l i ty  to hea t  in specified condi  
on of in jur ies  to  t he  D N A  molecule.  The  paral lel  f indings of 
mophilus influenzae D N A  are  compared .  

Les acides d6soxyr ibonuc l6 iques  h u m a i n s  e t  bov ins  on t  dr6 
)mprena i t  l ' add i t ion  d 'ac ide  d6soxyr ibonucMique  a y a n t  une  
,ceur de " n o n - d ~ n a t n r a t i o n " .  Les  acides d~soxyribonucl6iqne,,  
n6s au  po in t  de r u e  de lent  r6sis tance "& la chaleur ,  /~ la fl 
yr ibonucMase,  g HC HO,  ~ HzO~, A Fe+~, e t  A divers  au t res  ag 
ot~ines. I1 n ' a  pa s  6t~ t rouv6  de diff6rences d 'esp~ce signit 
race ~ la cha leur  a 6t6 t rouv6e  cons id6 rab lemen t  p lus  grand¢ 
nocifs,  caus6s  pa r  nne  force ionique t rop  faible, pa r  la d6hyd: 
~oxvribonucl6ase,  n ' o n t  oas  6t6 exclus.  Cet te  oer te  de s tabi l i t  

prdpar6s  pa r  des m 6 t h o d e s  do 
une  act ivi t6  t r a n s f o r m a n t e  pou r  serx 

~nes pr6par6s  de cet te  maniSre  lure  
force ionique,  b. la d6hydra t ion ,  

agen t s  m u t a g 6 n i q u e s  ou d~na tu r a  
aificatives dans  ces r6sis tances.  ] 

g rande  que pour  les p r6pa ra t ions  off l 
zdra ta t ion  ou pa r  des t races  m e n u  

1 c bilit~ 5. la cha leur  dans  des condi t io  
sensible de d o m m a g e  ~ la molecule  de l 'acide d6soxyr ibonucl~ iq t  

"re d ' ac t iv i t6  t r a n s f o r m a n t e  de l 'acide d~soxyr ibonucl6 ique  d'He~ 

vom R i nd  w u r d e n  nach  Methoden  hergeste l l t ,  von  denen  eine d 
l a t ions -Akt iv i t i i t  einschloss,  die als Markierer  Itir die Abwesenh(  
llte. Die Stabilit~it der  so herges te l l ten  D N A  gegen Hitze,  Ione  
~ICHO, H~O2, Fe +~ und  versch iedene  andere  m u t a g e n e  oder  Prote  
u n t e r s u c h t .  Es  w u r d e n  keine e rhebl ichen  G a t t u n g s u n t e r s c h i e d e  
,~ Stabi l i t~ t  gegen Hi tze  war  b e d e u t e n d  h6he r  als in den  Pf i tpara te  
ngen  von  zu niedr iger  Ionen-St/~rke, yon  En twi i s se rung  oder  w 
cht  ausgesch lossen  waren.  Es  zeigte sich, dass  dieser Ver lus t  v 
mpfindl iches M e r k m a l  ftir Besch / id igung  des DNA-Molekfi ls  ist. 12 
an  T r a n s f o r m a t i o n s - A k t i v i t ~ t  be im D N A  von  Hemophilus influenz 

Les 
nne corn 
de traeenr 
examin6s 

d~sox 3 
les prot~ines.  
r6s is tance 
effets 
de d6sox 3 I: 
d6 te rmindes  p e u t  ~tre u n  crit~re 
Les  r6su l t a t s  parall~les de la pe r te  
philus influenzae on t  6t6 compar6s .  

D N A  v o m  Menschen  u n d  
Zusa tz  yon  D N A  mi t  T rans fo rma t i ons -A  
yon  "'Denaturierung'" dienen  sollte. 
StXrke, Entw~isserung,  DNase ,  H C H O ,  
dena tu r i e r ende  A g e n t e n  wurde  
diesen Stabi l i t i i ten  ge funden .  Die 
in denen  die schi idl ichen W i r k u n  
ger ingen Spu ren  yon  DNase  n i ch t  
Stabil i t i i t  gegeni iber  Hi tze  ein em 
para l le len  R e s u l t a t e  des  Ver lus t s  an  Tra  
wurden  vergl ichen.  
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