
)ne of the most used methods for the preparation o: 
ibed by GULLAND and co-workers I founded on the o 
['he method consists of repeated treatments of fresl 
in in lO% NaC1 with amyl alcohol and chloroform. Th( 
:VAG, as a liquid adsorbent. After each treatment th 
,~ed away. When protein precipitate is no longer forn 
g a threadlike precipitate of DNA. 
Fhe GULLAND method has never been closely invest 
ver, be of great interest to know the yield of D N  
val of protein. A closer investigation of the prepaxatic 

pictme of the treatment necessary for a complete s( 
Fhe method is based upon the implicit assumption tl 
)rotein, each treatment with amyl alcohol and chlol 
ag less protein and relatively more nucleic acid. 

quite different picture, however, is given by res 
des from each treatment.  In the following this pictl 
aainary discussion on the protein separation mechani: 

separation of protein and aci 
that  nucleic acid is freed fro 

chloroform giving a solution co 

results from analyses made ( 
picture is drawn, leading up to 

mechanism. 

~t al. was used wi th  small  modifications, all of which were dictat 
is co-workers s ta r ted  wi th  ra the r  large quant i t ies  of thymus ,  wher~ 
s in each prepara t ion.  For  details see an earlier article 8. All analy~ 
he solutions were used af ter  only a few days  storage in the  cold a 
:ts were dried. 
amyl  alcohol and chloroform, the  chloroform was  blown off, keepi 
n t  as possible, and  the  remaining mixture  was  centrifuged, samp 
mt  liquid and the  precipi tate  of denatured protein  was  collect( 
redissolved in fairly s t rong NaOH.  
solutions was  determined by  the  Kjeldahl method.  

tt of the different samples, all diluted to p H  I2, was  measured 
against  N a O H  solutions of the same pH.  The amyl  alcohol u, 

lined for wavelengths  between 235 and 40o In#. The maximal  
1 at  258-26o m/2. 

Its between the maximum extinction coefficients and t 
:e given for the original NP, for the solutions and redissolv 

111(3 

the 
tainin 

A 
samples 
preliminaI" 

The method of GULLAND et 
by  the fact t h a t  GULLAND and his 
I used only a few hundred  g rams  
were made on fresh material .  The 
none of the intermediate  produc ts  wet, 

After  each t r e a t m e n t  wi th  
the  salt  concentrat ion as cons tan t  
were t aken  f rom the  supe rna t an t  
washed wi th  e thyl  alcohol, and 

The ni trogen content  of all solution 
The absorp t ion  in UV-light 

a Beckman spec t rophotomete r  
was als0 measured as a control.  

The ext inct ion was  determined 
sorpt ion in all measurements  fell 

In Table I the quotients 
nitrogen content in mg/ml are 
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nade. 
Fhe values for original NP, measured on rather conce~ 
compared with earlier determinations 8, 5 which gave, 
kfter treatment No. 6 no samples were taken in or 
recipitation of DNA. 

E N T  B E T W E E N  T H E  M A X I M U M  E X T I N C T I O N  C O E F F I C I E N T  ( p H  2 
[ FOR N P  S O L U T I O N S  A F T E R  R E P E A T E D  T R E A T M E N T  W I T H  A M Y L  

The values in brackets  are for the  redissolved pro" 

After treatment 

z 2 3 

89 (6z) 91 (88) 91 (7 o) 
- -  (67) 83 (66) 
92 (67) 88 (7 ° ) 

?he three preparations in Table I were all performe( 
• 3. Preparations were also made at higher pH values 

increased, however, with high 
'.5 the amount of material in solution decreased rapi 

14o 
86 (67) 144 
90 (54) 15° 

}erformed buffered with phosphate 1 
(see Table n). The sensitivil 

gher pH and especially at p 
Lpidly. 

I T I N C T I O N  C O E F F I C I E N T S  (pH 12) A N D  N I T R O G E N  C O N T E N T  I N  mg/i 
KTED T R E A T M E N T  W I T H  A M Y L  A L C O H O L - - C H L O R O F O R M  A T  D I F F E R E ~  

H V A L U E S .  C O M P A R E  A L S O  T A B L E  I .  

I 2 3 4 5 

9o 

sured for different salt concentrations, whence of less th~ 
ease was found. Above this value, the increase was greate 
d to stand for several weeks between the last treatmen 
~form, there was a marked increase in the quotients. 

7 ° 

* after only 5 t r ea tments .  

The 
pH 6.3. 
to the denaturing agent 
12--12.: 

~ U O T I E N T  B E T W E E N  M A X I M U M  E X T I N C T I O ~  

F O R  N P  S O L U T I O N S  A F T E R  R E P E A T E D  

p H  

p H  Original 
N P  

8.5-  8.7 78 98 
12.o-12.5 78 93 

The quotients were measured 
about 15 % a very small increase 
If the solutions were allowed 
with amyl alcohol and chloroform 
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lcohol-chtoroform treatments, for 
)ther solution from which DNA w 
g effect is associated with the m 
nately the same in the nucleic a( 
the change in nucleic acid conten 

d denaturation products (given in 
ne treatment are less precise than 
e giving a relatively high unspeci: 
case of the precipitate after treatr 
of material were available. In all 
han o/ I /o  of the extinction at 260 n 

.ncentrated so 
quotient 
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T A B L E  I 

> I 2 )  AND 

AMYL ALCOHOL- 

,rotein precip 

4 5 6 

88 (--) 85 (--) 
87 (--) 87 (--) --- 
89 (--)  86 (--) -- 

TABLE II 

['ION 
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9o 91 
9o 9o 
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~r values 
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; the ex- 
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~-74. 
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. . . .  .-,- . . . . . . . . . .  d 

light against I M NaC1 buffered 
{ 9.5 with borate-NaOH buffer. ~ , 
peaks were seen in the electro- 
.~sis diagram. One was very 

and moved very slowly. The 
• was found to have a mobility 
rds the anode of 9,3.1o -5 and 
0 -5 cm2/volt for the two dif- 
t runs. The mobilities are in 
agreement with those found for ~ .  

Lary nucleoprotein (the faster 0 the less viscous) as can be seen 
the values given by FLEMING 
JORDAN 8. The large peak was Fig. I. Three  differenl 
sharp and thin owing to the protein• The prepara 
viscosity and therefore it was the r ight  was treate( 

chloroform t h a n  tt  

From Tables I and I I  it is obvious that there is no h 
een nucleic acid and protein after each treatment, 

differently t rea ted  p repara t ions  of nucle 
,arat ion g iv ing the  c h r o m a t o g r a m  

t rea ted  fewer t imes  wi th  a m y l  alcoh 
the  o ther  two. This  is the  only  o 

showing the  yellow spot  of proline. 

large change in the proporti( 
except for the increase aft 

;,, too, one is also throwing away a large amount of nuclc 
ecipitate. It  is also striking that, when one adds meth 
:he absorbing material is precipitated as is seen from tl 
lother liquid. This quotient is, however, lower than the o 
in. In all, the DNA yield is only about one tenth of th 

have shown, in an electrophoretical study, that NP d 
n part and a smaller protein part, as represented by t 

;es with increasing pH and at pH 12 it has been shown th 

and II, the quotient for the nucleoprotein solution increa., 

very 
high 
not possible to measure its area. 

From 
between 
the very first one. Obviously, 
acid with the "protein" preciF 
alcohol, only a portion of the 
quotient of the remaining mother 
for the original nucleoprotein. 
theoretically possible. 

FLEMING AND JORDAN 8 

s o c i a t e s  i n t o  a n n c l e o p r o t e i n  

following equation 

The dissociation increases 
there is no (np)' left. 

As is seen from Tables I 
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in with an abso rp t ion - -n i t rogen  quotient  of 74- Cm 
le mixture,  this will give the amount  of free protein 
Ne can now also compare the original quotient  (77) wi 
oprotein solution (89). This would give the followint 
:rams of (np)' with an DNA content  (as determinec 
ams of a mixture  of (np)" and (p) with a DNA con 
m away in the precipitate (together with nucleoprc 
rams of s tar t ing material). The mixture of (np)" an, 
he above assumption), total  (p) then being 23 grams 
A content  of 57°o. If, instead, we use the value of the 
oprotein of 50% given by FLEMING AND JORDAN ir 
mounts  of (p) and (np)" will natural ly  be the same, 
nt of 65 %. This calculated DNA content  is the same 
:EMIN6 :tND JORDAN by analysis of the contents  in tt 
ation. I t  is not  possible, however, to compare the ealc 

(np)" and (p) with values found by FLEmN6 AND 
aption tha t  they do not lose any DNA in their anal 

protein par t  which is not in accordance with the val 
nt  of the different components  found in the same m 
its is, moreover,  about  i o %  higher than the amount  
n the above calculations, the nitrogen percentage is 
ic acid and for the protein part.  The same assump 

as tna t  expenmen tauy  toun 
their electrophoresis cells aft~ 

calculated values of the amoun 
JORDAN, because, under t t  

analysis, they get a distributic 
values given for the nucleic acJ 

material. The sum of the con 
of s tar t ing material. 
assumed to be the same f( 

3tion was made by  FLEMIN 

ae homogenei ty  and other similar characteristics of the sut 
~mbols (np)', (np)" and (p) are not taken up for discussiol 
t troduced this method  ot separation with amyl  alcohol an 
'.oprotein which had been t reated at 5o-55 ° in a solutic 
.' in order to separate nucleic acid from the protein befoJ 
alcohol-chloroform mixture.  They worked on streptococc 
D AVERY 7 apply the amyl  alcohol-chloroform treatme~ 
r pneumococcus cells. They state also tha t  "A considerab 
s entrained in the chloroform-protein gel". This "actix 
, is later recovered. No analysis of the mother  liquor frm 
)1 is made. 
their material  more vigorously than I, and obtained a 
half the theoretically possible. 

separation. 
of the 
a s s u m  

of the 
content  
ponents  

In  
nucleic 
AND JORDAN. 

I t  may  be stressed tha t  the 
stances represented by the symbols 

SEVAG el al. 5 who first introduce 
chloroform, used it on nucle 
containing sodium carbonate  
the t rea tment  with the amyl  
n u c l e o p r o t e i n .  McCARTY AND 

directly after the lysis of their 
amount  of active material  is 
material" ,  found to be DNA 
the precipitat ion with alcohol 

GULLAND g[ al. t r e a t e d  

output  of slightly more than 
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kn investigation was carried out on the amino acid con 
ding to GULLAND et al. and as described above. 
~ULLAND et al. worked, as already mentioned, witl 
rial and tested the resulting end product of DNA for ] 
(the biuret test and the test according to SAKAGUCt 
S with amyl alcohol-chloroform was enough to give a 
, hundred grams and centrifuging at higher speeds, 
nvestigation to yield a nucleate which was n e g a t i v e  
dl as with ninhydrin. I f  this nucleate, however, is h) 

hours in a sealed tube, a strong colour is then giver 
?alDer chromatography was carried out on hydrolyzed 
than 15 preparations were made and in no cases v 

)lyzed material, whereas DNA which had been hydI 
o acids found in the original nucleoprotein, except pJ 
From the picture of the three preparations (Fig. I), 
but treated differently, proline can be seen to disappd 
been treated the greatest number  of times. 
[-IAMER 8 has given the following list of amino acids 
in: alanine, arginine, aspartic acid; glutamic acid, 
le, lysine, phenylalanine, serine, threonine, tyrosine, 
o acids were also found in the nucleoprotein preparati  
rial for DNA in 'this investigation. 

hydrolyzed gave spots Ior all tl 
)roline. 

all containing proline at tI 
)ear in the NP solutions whi( 

contained in thymus nucle 
giycine, histidine, i so leuc in  

valine and proline. All the 
mration which was used as startil  

iN ~° add methionine to the list. This amino acid was al~ 
with microbiological tests. No a t tempt  has been made : 
paration. No cysteine, nor t ryptophan was found. Recent 
,, investigated the amino acid content of chick erythrocy 
on found was the same as for my  nucleoprotein preparation 
?hy was carried out in butyl  alcohol-acetic acid and phen( 
zed nucleate put  on the paper  was at least five times th 
as were desalted according to CONSDEN et al. ~ in a desaltiI 

• of t reatments  with amyl alcohol-chloroform were increas( 
omposition of the paper chromatogram was observed. 
lte amount  of the " impuri ty" ,  samples were hydrolyzed 
y ninhydrin was measured according to MOORE AND STEII~ 
t a Beckman spectrophotometer.  As a comparat ive solutio 

F r o m  

start  
have 

HAME~ 

protein : 
leucine 
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material  

DALY et al. 9 a n d  ALLGI~N 1° 

found in m y  nucleoprotein 
use this test on the DNA pre[ 
HARPER AND MORRIS 11 h a v e  

nucleohistone. The composition 
The paper  chromatography 

The amount  of non-hydrolyzed 
of the hydrolyzed. All samples 
apparatus  of the Shandon type. 

As a control the number  of trea 
to fifteen. No effect on the corn 

To determine the absolute 
above and the colour given by 
at a wavelength of 570 m/, in 
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ly  to a ve ry  smal l  ex tent ,  if a t  all. ALLGI~N TM, who a 
ome to the  same conclusion. In  any  case, the  va lu  
n t  mus t  only  be looked upon  as an uppe r  limi*. A 
t ima t ion  of the  number  of visible spots  in the  paper  
en a m o u n t  of DNA.  This  va lue  is found to be o.I  c 
~¢hat low because  of a smal l  loss of ma te r i a l  dur ing  d 
l o s t  p r epa ra t i ons  were made  at  p H  6.3 b u t  some w~ 
• 7 wi thou t  any  difference. In  one p repara t ion ,  the  pre  
was done a t  a h igher  pH,  7.2. This  had  no influence 
:he inves t iga t ion  shows t ha t  m e t h y l  alcohol gives a pr 
ing is shown to conta in  only ve ry  smal l  amoun t s  o 
er l iquid  conta ins  prote in .  The  necess i ty  of vigorous  h 
'dr in  reac t ion  indica tes  t h a t  the  amino  acids  are firm 

?he au tho r  wishes to t h a n k  Prof.  A. TISELIUS for his 

"his work  has  been f inanced b y  g ran t s  to the  I n s t i t t  
efeller and  Wal l enbe rg  Founda t ions .  

n r m l y  bound to  m e  Di~A. 

k ind  advice  and  helpful  di 

u te  of B iochemis t ry  from t l  

al. of preparing DNA has been investigated. I t  is found that, wh~ 
:ation as possible, the output is 5- io % of the DNA in the nucle 
1. The amount of liberated nucleic acid corresponds to the amou 
:ding to FLEMING AND JORDAN. The prepared DNA contains betwe~ 
~orous hydrolysis is necessary to get a positive ninhydrin reactio 
~protein are found in the hydrolysate with the exception of prolin 

,,t aL pour la pr6paration du DNA a ~t~ 6tudi6e. En utilisant d 
~ouces que possible, le rendement est de 5 a Io% du mat6riel 
"16ique lib~r6 correspond ~ la quantit6 de prot6ine qui se dissoc 

DNA pr6par¢ contient entre o.x et 0.25% d'aminoacides, U1 
,' pour obtenir une r6action positive ~ la ninhydrine. On retrou' 
acides de la nucl6oprot6ine ~ l'exception de la proline. 

The  
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protein used as starting material. The a 
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d6part. La quantit6 d'acide nucl6ic 
selon FLEMING ET JORDAN. Le 
hydro lyse  pouss6e  est n6cessaire 
dans l 'hydrolysat tous les  aminoacides  
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