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The chromatin threads, which we described briefly several years ago (1), 
have since then been studied carefully both morphologically and chemically. 
We now consider these microscopic threads of chromatin to be isolated chromo- 
somes (2). From certain animal cells such masses of isolated chromosomes 
can be prepared that, with respect to quantity of material available, no special 
methods are required for chemical investigation. I t  need hardly be said that 
interest in the chemical properties of this material is greatly enhanced by the 
knowledge that the material consists of chromosomes, for this provides the 
chemical studies with a background acquired by several generations of cyto- 
logical investigation of chromosomes. In this paper the preparation of iso- 
lated chromosomes is described and evidence is presented that the bodies 
isolated are indeed chromosomes. 

Preparation of Isolated Chromosomes.--Chromosomes were first isolated from 
fish erythrocytes and their isolation from this source is simpler than from any 
other. Erythrocytes of the salmon and carp have been used. Of these the 
salmon is to be preferred, being a much larger fish, but for most investigators 
the carp is far more readily available. In some cities large, live carp can be 
had in the fish stores. Blood is withdrawn from the caudal vein with a syringe, 
mixed with oxalate, and centrifuged for 15 minutes at 5000 R.P.~. A white 
sediment, consisting of leucocytes, is obtained. The red cells are mixed with 
three volumes of 0.14 ~ NaC1 and centrifuged. This time the sediment con- 
sists of red cells. The red cells are well washed with saline. Finally, sus- 
pended in a large volume of saline, they are placed in a Waxing mixer for 4 
minutes. All the cells and nearly all the nuclei are broken by this treatment, 
so that on centrifuging a clear red supernatant and a nearly colorless precipi- 
tate are obtained. The precipitate, suspended in saline, is placed in the mixer 
for 1 minute and centrifuged again. Washing is continued in this manner until 
the supernatant is colorless and at this time the precipitate is also nearly 
colorless. I t  consists of chromosomes isolated from the erythrocyte nucleus 
(Figs. 5 and 6). The whole procedure is carried out in a cold room kept at about 
1°C. 

The procedure that has just been described is nothing else than the first part 
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of the method we have used for the preparation of chromosin (a desoxyribose 
nucleoprotein complex derived from the cell nucleus) from liver, kidney, and 
other tissues (3); and chromosomes were first prepared from salmon blood, 
much to our own surprise, while we were in the process of preparing chromosin 
from the nuclei of salmon erythrocytes. After our publication of a brief de- 
scription of chromatin threads the paper by Claude and Potter appeared giving 
an account of their work, done altogether independently of ours, on chromatin 
threads (4). Their method of isolating threads is different from ours, but they 
mention the use of the Waring mixer and they say that this machine destroys 
the threads. We do not know why Claude and Potter found the Waring high 
speed mixer unsatisfactory; in our experience with it we have never failed to 
obtain chromatin threads. 

A more readily available material than fish blood for isolation of chromosomes 
is calf thymus, and this is certainly the material of choice if large masses of 
chromosomes are to be prepared. Preparation is not as simple as from fish 
erythrocytes because the cytoplasm is not as easily removed as is the cyto- 
plasm of an erythrocyte, consisting as it does of almost nothing but hemoglobin. 
The thymus is minced with scissors, suspended in 0.14 M NaC1, and poured into 
a Waxing mixer. For each 500 cc. of saline 125 gin. of minced thymus are 
used. To break the nuclei it is necessary for the material to remain in the 
mixer considerably longer than the 4 minutes which suffice to break most of 
the nuclei in a suspension of fish erythrocytes. When the mixer operates for 
even 4 minutes its contents warm up and, after running for 15 to 20 minutes 
the material in the mixer would be ruined by the heat produced. To keep 
the material cool it can be removed from the mixer every 4 minutes and cooled 
in an ice bath. A more satisfactory way of keeping the material cold is to 
construct a refrigerated high speed mixer. The one we have had made is of 
the same size and shape as the Waring mixer, but it is made of stainless steel 
instead of glass. Around the vessel is a jacket which contains crushed ice 
immersed in alcohol. To break practically all the nuclei in minced thymus a 
run of 20 minutes at high speed is required. 

The chromosomes suspended in the debris of disintegrated thymus are 
separated from large particles by straining and from small, light particles by 
centrifugation. The suspension of disintegrated tissue, to which a drop of 
octyl alcohol has first been added to cut down the foam, is first centrifuged 
for 10 minutes at 3500 R.P.M. and the supernatant is discarded The precipi- 
tate is taken up in 750 cc. of saline and broken up in the Waring mixer, now run 
at low speed by connecting it with a rheostat. This suspenson is strained 
through a double layer of finely woven towel and then centrifuged at 3000 
R.P.~. for 5 minutes. The precipitate is again resuspended in the mixer at 
low speed and then strained through a double layer of the finest muslin. I t  
is centrifuged at 2500 R.P.~. for 10 minutes, resuspended, and again centrifuged. 
This process is repeated once more. Under the microscope nothing but chro- 
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mosomes and a few nuclei can be seen (Fig. 13). Continuing the washing 
process does not increase the phosphorus content (in this case the measure of 
nucleic acid content), and this is a sign that particles lighter than chromosomes 
are no longer being removed. Suspended in saline in the cold, isolated chro- 
mosomes can be kept for 3 or 4 days. 

Isolated chromosomes have also been prepared from fowl erythrocytes. 
When washing the erythrocytes, care is taken to remove all of the buffy coat 
of leucocytes. The suspension in saline of washed erythrocytes is placed in 
the refrigerated high speed mixer for 20 minutes. No straining is needed; 
washing is entirely by centrifugation. In some preparations the precipitate 
of chromosomes, instead of being almost colorless as when prepared from fish 
erythrocytes or calf thymus, contains a brown pigment and also many intact 
nuclei are present. Preparations from chicken erythrocytes have in general 
not been as satisfactory as those from fish erythrocytes. 

Chromosomes have also been isolated from mammalian liver (Figs. 3, 4, 9, 
10) but for this material the procedure followed for isolation of thymus chro- 
mosomes is unsatisfactory. Suspensions of liver chromosomes are obtained 
easily enough; the difficulty comes in completely separating the chromosomes 
from cell debris. For this purpose it has been necessary to modify the pro- 
cedure, and this modification will be described in another paper. 

Since nuclei, free of cytoplasmic debris, can be isolated from liver and many 
other tissues by the use of citric acid, it might be thought that a simple way to 
prepare chromosomes from these sources would be to break up the isolated 
nuclei. Preparation of chromosomes from nuclei isolated by the citric acid 
technique is, however, beset by two difficulties: while suspended in citric acid, 
nuclei are not fragmented even after prolonged runs in the high speed mixer; 
and if the citric acid is neutralized or washed away, the nuclei may, with diffi- 
culty, be broken, but the chromosomes that are liberated are badly deformed. 

When cells are subjected to a powerful shearing force, as they are in a high 
speed mixer, the way in which they are fragmented is markedly influenced by 
the pH of the medium. In a neutral medium, the cell membrane is broken 
first, and as the shearing process is continued, more and more nuclei are frag- 
mented. When the pH of the medium is lowered to 5, there still is no difficulty 
in breaking the cell membrane, but the nucleus is fragmented with great diffi- 
culty. At pH 3 the shearing forces we have applied do not break nuclei, al- 
though cells are easily broken. It  should be noted that even in the range be- 
tween pH 6 and 7 (and it is in this pH range that our preparations of chromo- 
somes have been made) some nuclei always remain in the final preparation of 
chromosomes when a Waring mixer is used. 

Disruption of the cell, it may be assumed, affects the composition of chromo- 
somes isolated from it. Such effects are grouped under the general term of 
"autolysis." Experiments, some of which will be described in another paper 
(5), do in fact show that autolysis occurs in both isolated nuclei and chromo- 
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somes. These autolytic processes increase rapidly as the pH of the medium is 
raised. For this reason it is desirable to isolate chromosomes at a faintly acid 
reaction--but not acid enough to prevent nuclear fragmentation. I t  need 
hardly be said that in addition to autolytic changes which we can recognize 
and attempt to keep at a low level, isolation of chromosomes will also be at- 
tended by some morphological changes. 

In most of our work the instrument used for fragmentation of cells has been 
a Waring mixer. Recently, at  the suggestion of Dr. James Bonner, we have 
used a colloid mill (a Premier Mill, Type 1.,-7). In this machine, as in the 
mixer, shearing forces are employed; indeed the colloid mill may be considered 
to be essentially a continuous-flow mixer. For isolation of chromosomes a 
colloid mill is far superior to a mixer, for the following reasons: the shearing 
force employed is greater, so that it is possible to break virtually all the nuclei 
in a cell suspension; action is more rapid, so that autolytic changes are re- 
duced; rises in temperature are more readily prevented, and this is important 
in reducing autolysis. 

Microscopic Study 
For the investigation of these threads it is of considerable interest whether 

they are merely unspecific nucleoprotein fibers or isolated chromosomes. 
Microscopic analysis makes it certain that we are dealing with isolated chromo- 
somes. 

Chromosomes are characterized by the following features: (1) They show 
a definite organization along their axis such as primary and secondary con- 
strictions, trabants, heterochromatic and euchromatic sections. (2) This 
pattern is specific for each chromosome at least within the same type of cells. 
(3) Chromosomes consist of a more or less tightly coiled helix, which can be 
uncoiled by special treatment. (4) Chromosomes consist of at least two 
chromonemata coiled together. 

The threads isolated from nuclei show all these features and must therefore 
be regarded as chromosomes. They vary greatly in size and organization. 
Usually their doubleness can be clearly seen (Fig. 1). They show a specific 
pattern, with trabants, heterochromatic and euchromatic sections (Figs. 2, 3, 5, 
10, 12). Like chromosomes they can be uncoiled by certain agents, KCN for 
example (Figs. 7, 8). These characteristics by themselves are strong evidence 
for the chromosome nature of these threads. Final proof, however, lies in the 
repeated occurrence of one and the same type of chromosome. Figs. 11 and 
12 show two chromosomes of the same type isolated from calf thymus. Figs. 
9 and 10 represent two chromosomes of the same type from calf liver. 

The chromosome suspensions prepared by the method described are re- 
markably free of non-chromosomal material. A drop of such a suspension can 
be smeared on a slide and stained with Feulgen and light green. All non- 
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chromosomal material will then appear green. Except for nucleoli there is 
practically no extrachromosomal material present. The nucleoli are small in 
bulk compared with the chromosomes. They can be seen on such a smear 
either as separate particles or still attached to a chromosome. 

In the tissues used for the preparation of these chromosomes o.nly very few 
cells are in mitosis. The isolated chromosomes therefore are clearly liberated 
from resting nuclei. Cytologists have known for some time, mainly from in- 
direct evidence, that  chromosomes persist as individuals through interphase. 
But here we have very clear direct evidence to this effect, and the morphology 
of these chromosomes, probably only slightly altered, can be studied microscop- 
ically. 

Claude and Potter (4) isolated chromatin threads from mouse leucemic 
cells and suggested that  they represented chromosomes. However, their argu- 
ments do not favor their conclusion but rather indicate the opposite. They 
say (p. 349): 

"Comparative study of the isolated chromatin threads with stained nuclei of the 
sort from which they were obtained is highly suggestive of a relationship to preformed 
nuclear structures. A close inspection of the nuclei represented in Fig. 1 shows, 
especially in the best preserved specimen, a number of delicate strands crossing the 
nuclear framework which, in their appearance, are not unlike the beaded filaments 
seen in Fig. 7. I t  is impossible to judge the length of the chromatin threads in the 
resting nucleus, but no loose ends are seen in the chromatin strands of nuclei of Fig. 2, 
which may imply the existence of a continuous filament or end-to-end arrangement of 
individual segments of chromatin. On the other hand a fair agreement exists as re- 
gards the width of the chromatin threads. As seen in Figs. 1, 2, 3, 6, and 7, the width 
of the chromatin thread whether within the framework of the resting nucleus, in the 
isolated state, or in the form of a metaphase chromosome, is of the same order of 
magnitude. The metaphase chromosomes of Fig. 4 are thicker and more diffuse 
and have undoubtedly been swollen by the action of the different staining technique." 

Now chromosomes are characterized just by the fact that  they vary greatly 
in width due to different degrees of coiling. This is why metaphase chromo- 
somes are wider, and not because they are "swollen by the action of the differ- 
ent staining technique." Interphase chromosomes very often show variations 
along .their length (heterochromatin cuchromatin) which are characteristic 
features of specific chromosomes and not artefacts due to fixation as Claude 
and Potter assume. Such heterochromatic segments are also present in their 
nuclei. The fact that  their isolated chromatin filaments do not show these 
individual variations in structure would indicate that  they are either de novo 

formations (nucleoprotein fibers) or that  they have been greatly changed 
during preparation. The second alternative seems now more probable and we 
may assume that  the threads prepared from leucemic cells are chromosomes, 
although modified in structure. 
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EXPLANATION OF PLATES 

PLATE i 

FIGS. 1 and 2. Isolated chromosomes from calf thymus. Aceto-orcein. X3000. 
FIGS. 3 and 4. Isolated chromosomes from calf liver. Aceto-orcein. X3000. 
FIGS. 5 and 6. Isolated chromosomes from carp erythrocytes. Aceto-orcein. 

X3000. 
FIGS. 7 and 8. Isolated thymus chromosomes, uncoiled with 2.10 -s M KCN. Aceto- 

orcein. X3000. 
FIGs. 9 and 10. Two identical liver chromosomes from two different preparations. 

This chromosome can be recognized repeatedly in preparations of isolated liver 
chromosomes. Aceto-orcein. ×3000. 

FIGs. 11 and 12. Two identical thymus chromosomes from two different prepara- 
tions. Aceto-orcein. ×3000. 
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(Mirsky and Ris: Isolated chromosomes) 
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FIG. 13. Suspension of isolated thymus chromosomes. Aceto-orcein. X1200. 
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FIG. 13 

(1V[irsky and Ris: Isolated chromosomes) 


