
n the preparation of biochemical substances from 
ly necessary to make a choice between a high yiel 
:ct. 
~oor quality may result because of change in the natl 
d by too drastic treatment during the preparation. 1 
od is used and a large amount of substance is obtaii 
ntage of impurity. 
n the following the preparative methods for desoxyr 
kND SMOLENS 1, GULLAND, JORDAN AND THRELFALL 2, 

~IGNER 4 a n d  KAY,  SIMMONS AND DOUNCE ~ a r e  c o m p a  

n all these methods substances rich in nucleic acid ; 
with a preparation containing chromatin threads. T 
oprotein which has been prepared by extracting 
s - -w i th  distilled water or I M NaC1 and then pre 

closer investigation of the treatment necessary to f 
in moiety might also give some information about 
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are first prepared. KAY ct 
The other methods start wit 

the tissue---usually thyml 
)recipitating the nucleoprotei 

free the nucleic acid from tt 
the bonds between the tu 

~G el al. and according to GULL.XND el al. 

ion n the preparative method of GULLAND et al. has be( 
is first prepared according to MIRSKY AND POLLISTER 7, i. 
NaC1 and then precipitating by diluting to o.14 M NaC 

is repeatedly treated with a mixture of amyl alcohol ar~ 
Lted protein is sedimented by centrifugation. 
work was carried out in the cold a very low yield of DN 

in the nucleoprotein) was obtained. In order to receive 
, originally introduced the amyl alcohol-chloroform metho, 
is with sodium carbonate before starting the chlorofor: 

; is applied the yield of DNA that it is eventually possib 
a the amount of protein that according to IrLEMING .\N 
[uilibrium with the nucleoprotein. 

start 
nucleo 
g lands- -wi th  
from the extract. 

A 
protein 
components, as they exist in  vilro. 

Preparation according to SEVAG 

In an earlier investigation n 
discussed. The nucleoprotein 
extracting thymus with I M 
The resulting nucleoprotein 
chloroform and the denaturated 

It  was found that if the 
(5-1o% of the nucleic acid in 
higher yield SEVAG et al., who 
have used a mild hydrolysis 
treatment. 

If no form of hydrolysis 
to precipitate corresponds to 
JORDAN 8 is  in dissociation eq 
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ide. 
n two experiments of the present investigation each 
was followed separately. The tissue had been groun 
Je and the first portion of distilled water was added 
.ined a considerable amount of solid carbon dioxide. ! 
erature bad risen to o ° C and there were still a few : 
nsion was centrifuged in the cold. The supernatant s( 
['he two following extractions (called B and C) we 
mrs before centrifugation. HAMMARSTEN points out t 
yes in the first portion of distilled water. It  is during 

tissue that a large amount of nucleoprotein goes i 
dance with the dependence of nucleoprotein solubilit 
tddition of water does not decrease the salt concentr; 
iently low value about 0.03 M unless large volumes ar 
this difficulty has not always been observed *° . 
in the present investigation the protein precipitate 
lm chloride were centrifuged and weighed. The we 
md 7 grams, from B IiO grams and from C 4o gram 

['he nitrogen content and the UV absorption (at pH I: 
extracts A, B, and C were determined-- the  nitrogen ( 
he UV absorption in a Beckman spectrophotometer. 1~ 

concentratmn lrom aDout O.14 -'t~ to 
are used. It  may be pointed ol 

)ltates obtained upon addition 
wet substance from extract 

rams. The starting material w 

12.5) of the resulting nucleat 
content according to Kjelda 

Maximal absorption was four 
etween 37 ° m/L and 400 mr* was less than 2 % for solutio~ 
~ct A, and less than 1% for B and C, where the value 

at 26o mr, is associated with the DNA part and the nitrog( 
he protein parts are of the same order of magnitude, tt 
and nitrogen will give an indication of the extent to whi( 

',been freed from protein. 
two DNA preparations are given. The extinction at 260 m 
divided by the nitrogen content in mg/ml. Between pr 

nce, following the preparation scheme, has been redissolvc 

:he extinction and the nitrogen content for pure DNA 
for undialysed thymus nucleoprotein is about 74 and f, 

that this 
In 

calcium 
weighed 
35o grams of thymus gland. 

The 
from 
and the 
at 260 m/x. The absorption between 
of the substances from extra 
260 m/x is taken to be lOO%. 

Since the UV absorption 
contents of the DNA and th, 
quotient between absorption 
the nucleate preparation has 

In Table I the values for 
(I.OO cm cuvette) has been 
cipitation I and 2 the substance 
in distilled water. 

The quotient between the 
about 16o (pH > I2), that 
dialysed about 88. 
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Fhns, the end product from extract  A shows only a s: 
an undialysed preparation. If  the part  of the prot¢ 

ibrium with the nucleoprotein had been precipitate 
d account for the increase of the quotient. Preparatio 

a large relative increase of DNA, while the end pr 
r pure nucleate. 
Phe possibility to separate protein and nucleic acid t 
dependent upon autolysis which has already been ca 
temperature  between - -  79 ° and o ° C the enzymes t 
,Tound tissue is allowed to stand in contact with the 
and at higher temperature + 4 °, the protein and 

"ate& This effect may also be influenced by the decre 
rhe  difference in pH between the three extracts is 
i-6.6, of B and C one tenth of a unit lower. 
Fhe dependence of the DNA isolation procedure up¢ 
~oprotein precipitation is further evidenced if one coral 
:cling to HAMMARSTEN and according to MIRSIC¢ A~ 
the extractions are carried out in I M NaC1 and tl 
t reated according to HAMMARSTEN, i.e. dissolved i: 

extraction llqUlCt Ior a Iont 
the nucleic acid can later 

ecrease in salt concentration. 
small. The pH of extract  

~on the step leading up to t 
pares the results of extractio 

AND POLLISTER 7. In the latt 
the nucleoprotein extracts  
in a saturated NaCI solutic 

eate precipitated with alcohol. 
nucleoprotein is as usual precipitated by  di lut ion 

;olved and reprecipitated in the same manner  6 to 8 t ime 
illustrated by  diagram I.  From the diagram it can be se 
is (II and III) where the initial steps follow the method 
saturated NaC1 filtrate is poorer in UV absorbing mater  
retained by  the filter. The end products after  redissolvi 
ith alcohol give the quotients 9 ° and 89. These values 
!or dialysed nucleoprotein (see above). 
t reated according to HAMMARSTEN from the s tar t  (pre~ 
the filter contains only traces of absorbing material. T 

and gives the quotient 161 which is the same as for pu 

:he nucleoprotein was allowed to stand in saturated Na 

separated. 
Th, 

is 6.5 
The 

nucleo 
accordin 
case 
then 
filtered and the sodium nucleate 

(The Mn~SKY-PoLLISTER 
O.14 M NaC1 and then redissolved 

The whole procedure is 
that  for the two preparations 
1V[IRSKY AND POLLISTER t h e  

than the precipitate that  is 
twice and reprecipitating with 
close to the quotient value for 

If  instead the tissue is 
ration I), the precipitate in 
end product on the other hand 
DNA. 

In these preparations the 
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N P  N P  
s a t u r a t e d  
N a C l  PRECIPITATE 

' RETAINED BY THE "¢ v 
FILTER DISSOLVED 

7, V 
6 
6 6 
6 6 

~ MOTHER LIQUID 
AFTER PRECIPITA- 

TION WITH ALCOHOL 
alcohol 

am I. The diagram shows the difference between the DN~ 
~d alone (preparation I) and the substance by first isolatin~ 
~Y AND POLLISTER and subseouent]v usin~ HAMMARSTEN'S 

T o t a l  N = 
86 m g  

E / N  = 161 E / N  = 89 E / N  = 90 
T o t a l  N ~ T o t a l  N = Tota l  N = 
48.8 m g  3.6 m g  5.1 m g  

D N A  prepared  us ing  HAMMARSTEI 
g n u c l e o p r o t e i n  b y  the  m e t h o d  

b s e q u e n t l y  us ing  HAMMARSTEN'S m e t h o d  (preparat ion  n and II 
( i . oo  cm cuve t t e ,  p H  = 12.5) 

R n have used nucleoprotein prepared according to MIRSt 
)NA by the HAMMARSTEN method. 
Ls allowed to stand in saturated NaC1 for 14 days. T 
:ecipitated D N A  had to be centrifuged with the Sharpl 
it from insoluble material. The yield was relatively lo 
tying been obtained from 700 grams of thymus, where 
grams from 7000 grams of tissue. Since no analytical da 

quality of the end product is not possible. 
:R 4 later substituted filtration with celite for the centrif 
'ifuge. The modified procedure takes one month. The yie 
n nucleate from ioo  grams of thymus, and impurity wi 

r e d i s s o l v e d  
in  d i s t i l l e d  
w a t e r  a n d  
r e p r e c i p i t a t e d  

l E N D _  PRODUCT I 

D i a g r a m  
m e t h o d  
MIRSKY :t s u b s e (  

E = e x t i n c t i o n  a t  2 6 o  m/~ 
N = m g  n i t r o g e n  p e r  m l  

S I G N E R  A N D  S C H W A N D E R  11 

A N D  P O L L I S T E R  t o  p r e p a r e  D N A  

Their nucleoprotein was 
aqueous solution of once precl 
centrifuge in order to free 
5 grams sodium nucleate havin 
HAMMARSTEN obtained 14o ~ 
are given a discussion of th, 

S C H W A N D E R  A N D  S I G N E R  4 

gation in the Sharples centrifu 
is good, 1.8 grams of sodium 
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n varied from one preparation to another, the lowes 
dsh the amino acid content to o.2-o.1% the lantham 
'~ was used. 
7he yields of DNA using HaM,X[ARSTEN'S method r~ 
thymus. From diagram I it is seen that  nearly all t 

oprotein of preparation I is recovered in the end pro{ 
of the nitrogen is recovered. The reason for this is 
ide precipitates a mixture of nucleoprotein and othe 
ch lower content of DNA than is generally accepted 

~ration according to KAY et al. 

\ very good yield of DNA is obtained by the method 
ance prepared from thymus gland is t reated with t 

contains dodecyl sulphate and its homologues. Th 
ifuged away. The nucleate is then precipitated fron tt 
3 grams of nucleate are easily obtained from IOO g tt 

)etergents of the Duponol type form strong complex 
ends, mostly stoichiometrically 16. These complexes 
takes the place of the nucleic acid in the nucleoprotei 

in is suspended in saline solution and treated with del 
is forced into solution (the solubility may be increas 

the aetergent  ~uponm r.. : 
The protein precipitates and 

the solution bv alcohol. In th 
thymus. The content of ami~ 

)lexes with protein through the 
precipitate. The dodecyl su 

)rotein complex. When the nucle 
with detergent, a large amount  of tt 
increased by a non-polar associatk 

t). Afterwards, when NaC1 is added to make the solutk 
rotein that  has not been affected by the detergent also go 
protein-detergent complex can then be removed by cent1 

dning nucleoprotein in the supernatant is precipitated t 
er the t rea tment  with detergent can be repeated. 
ass of DNA due to coprecipitation of nucleoprotein wi~ 

with alcohol and acetone. If the washing is repeated mar 
.y the preparation will only contain traces of detergent. 
:h detergent was calculated from the sulphur conter 

after burning with vanadium pentoxide according 
:ent of the nucleate was less than 0.05 %. 

alcohol and acetone the substance is dried in the air 

centrifu 
way 3 
acids is between o.3-o.4°,;. 

Deter 
polar 
phate 
protem 
DNA 
between DNA and detergent). 
I M,  the part  of the nucleoprotein 
into solution. The insoluble Ic 
fugation. 

The DNA and the r emamm 
addition of alcohol. Thereafter 

Thus by this method loss 
protein is to a large extent avoided 

The nucleate is washed 
times and done very carefully 

The contamination with 
determined colorimetrically 
KIRSTEN 17. The sulphur content 

After the washing with 
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us g l ands  t r e a t e d  acco rd ing  to  K A Y  et al. b u t  also on 

c t ion  w i t h  I M NaCI  a c c o r d i n g  to  MIRSKY AND POLL 

heory  of t h e  d e t e r g e n t  effect .  T h u s  the  af f in i ty  be tw(  

n u c l e o p r o t e i n  c o m p l e x  i n  v i tro  m u s t  be less t h a n  the  

he p ro te in .  

Fhe a u t h o r  wishes  to t h a n k  Prof .  for  

ssions.  

l 'he s u l p h u r  ana lyses  were  ca r r i ed  ou t  b y  

cal  Chemis t ry ,  Upsa l a .  

Fhis i n v e s t i g a t i o n  has  been  f inanced  b y  g r a n t s  to t 

t h e  R o c k e f e l l e r  a n d  W a l l e n b e r g  F o u n d a t i o n s .  

g_t least three different mild methods of desoxyribonueleate 
E. The method of SEVAG et al. which gives a good yield but 

t i le  I n s t i t u t e  ot 131ochemlst 

isolation are available at presei 
good 3 involves hydrolysis or (followi 

t hydrolysis gives a low yield. 
:STEN, which gives a good yield but seems to depend on enzyrr 
While the method is very mild protein contamination of the produ 

l., which gives the highest yield, but some denaturation as judg 
by the washing and drying procedure. 

moins trois m6thodes douces diff6rentes d'isolement du ddsox 

coll. qui donne un bon rendement mais qui suppose une hydroly 
G U L L A N D ) ,  s a n s  hydrolyse, donne un rendement faible. 
TEN, qui donne un bon rendement mais qui ddpend, semble-t-il, 
el de d6part. Quoique cette m~thode soit trbs douce, la contaminati( 
~t 6tre relativement 61evde. 
ll., qui donne le meilleur rendement, mais dans laquelle les proc~d 
xt une ddnaturation partielle, si l'on en juge par l'absorption en U2 

At 
I .  

G U L L A N D ' S  modification) without h, 
2. The method of HAMMAR 

activity in the starting material. 
may be relatively great. 

3. The method of KAY et al., 
by the UV absorption is caused b, 

I1 existe actuellement au 
ribonuclSate. 

i. La mdthode de SEVAG et coll. 
ou qui (selon la modification de 

2. La m~thode d'HAMMARSTE 
l'activitd enzymatique du matdriel 
du produit par des prot6ines peut 

3. La m6thode de KAY et coll. 
de lavage et de s6chage entrainent une dd 
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