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New contributions to the s tudy of the resting nucleus both in normal and patho- 
logical conditions have been made by  squash technique and by the technique of isolated 
chromosomes. 

A critical review on this subject has appeared recently 1. 
By means of squash technique it has been established that  in botanical and zoologi- 

cal species the structure of the nuclei can be classified in four types, with the possibility 
of reciprocal transformation. According to these researches, the most common type of 
nucleus contains a number of filaments more or less intermingled and irregularly spi- 
ralized to give the appearance of a reticulum. Only certain portions of the chromosomes 
are not free, but form compact masses (chromocentres, heteropycnotic segments). We 
have no definite knowledge whether these filaments are single or multiple, and what 
special activities are to be ascribed to the heteropycnotic segments and to the chromo- 
centres ~, 8, 4. Further  data on the morphology of the interphase isolated chromosomes are 
given by several authors 5 is. 

The general procedure followed by these authors consisted essentially in a physical 
isolation of somatic nuclei (mainly in the resting stage), followed by differential centri- 
fugation to obtain chromatin threads isolated from broken nuclei. These filaments were 
found to have aspects both of mitotic (constrictions, rigidity of the arms) and of inter- 
phase chromosomes (filamentous shape). From a structural point of view, it seems of out- 
standing interest to investigate further the relationship between the isolated resting 
chromosomes, which are irregularly spiralized, and the mitotic chromosomes, whose 
spirals are regularly and tightly packed. So far, electron microscope data have been 
available only from YASUZUMI and co-workers 13,14, who showed a spiralized structure in 
the resting chromosomes from different zoological species. 

The aim of the present paper is to report data  on the morphology of human chromo- 
somes (in normal and pathological conditions), which has not hitherto been investigated. 

The chromosomes were isolated from normal and leukaemic white cells of human 
blood. The technique has already been described 12. Mounts for electron microscopy were 
made with unfixed material  placed on the grid by means of a platinum wire. The excess 
was removed, and the Formvar  films fixed in the dark for 5 to IO minutes by vapour- 
fixation with osmium tetroxide (2 % aqueous solution). After drying, the grids were 
washed several times with glass-distilled water. Shadowing was carried out with gold at 
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Fig .  I .  A g r o u p  of i s o l a t e d  h u m a n  c h r o m o s o m e s  f rom l e u k a e m i c  ce l l s  s h o w i n g  a coi led  s t r u c t u r e  
M a g n i f i c a t i o n  8,ooo. V a p o u r - f i x a t i o n  w i t h  2 oo o s m i u m  t e t r o x i d e  in a q u e o u s  so lu t i on .  ~< 0o,ooo.  

Fig.  2. I s o l a t e d  h u m a n  c h r o m o s o m e s  f rom l e u k a e m i c  cells .  No te ,  a t  t h e  left ,  t h e  t t u n  tn reac l  w i t h  
• rl t r a c e s  of sp i ra l s .  M a g n i f i c a t i o n  19,ooo V a p o u r - f i x a t i o n  w i t h  - o o s m i u m  t e t r o x i d e  in a q u e o u s  so lu t ion .  

S h a d o w i n g  w i t h  gold .  X ()o,ooo. 
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Fig. 5. Probable artefacts due to treatment. Magnification 20,ooo. Vapour-fixation with 2 yO osmium 
tetroxide in aqueous solution. x 60,000. 

Fig. 6. Isolated human chromosome from leukaemic cells. Chromatic thread partially spiralized 
(lower portion). Magnification 15,000 diam. Vapour-fixation with 2 o/O osmium tetroxide in aqueous 

solution. Shadowihg with gold. x 60,000. 
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Fig. 7. Isolated human chromosome from leukaemic cells. Chromatic thread with despiralization 
restricted to a small portion. Magnification 2o,ooo. Vapour-fixation with osmium tetroxide 2 % in 

aqueous solution. Shadowing with gold, × 6o,ooo. 

an angle of 25 °. A Philips electron microscope was used, with the kind help of the per- 
sonnel of the Inst. for Phys. Technique of the Polytechnical High School of Milan. At a 
magnification of I5,OOO-2O,OOO diam. chromosomes are seen as threads which are regu- 
larly and tightly spiralized (Figs. I, 2, 3, 4). Some chromosomes show a longitudinal split 
(Fig. 3), and in the lightest prints the coils are clearly right-handed (Figs. 3, 4). The 
number of turns varies from 4 to 15, the length per turn being o.4-o. 5 ~. The ends of 
these filaments are generally blunt, though sometimes thin filaments of various lengths 
seem to branch off from the ends (Fig. 5). This feature was also described by YASUZUMI 
el a117. It  seems likely that these thin filaments are artefacts arising from the physical 
treatment, such an interpretation being suggested by the excessive variability of their 
length (from 2 to nearly 4o times). 

The spiralized bodies appear with a frequency of 2 % in a few thousand filaments 
examined. Nearly IO % show clearly intermediate stages between spiralized and opaque 
homogeneous chromosomes (Figs. 6, 7), the latter representing nearly 88 % of the total 
filaments observed. 

In some cases very thin threads appear with traces of spirals (Fig. 2). Variation in 
results is probably due to the difficulty in achieving suitable fixation. 

The present data may be discussed in connection with several problems. First of all, 
the possibility must be considered of artefacts produced during the isolation procedure 
and during exposure in the electron microscope. Thus, for example, it is doubtful at the 
moment whether the spirals of the chromosomes seen in the electron micrographs 
correspond to the true spiralizat'ion of chromatin threads in vivo. If future investigations 
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confirm that  electron micrographs give a picture which does not differ consistently from 
the living state, and that  the packing of the resting chromosomes is true, a revision will 
be necessary of the theory of the mitotic cycle, classically understood as a cycle of spirali- 
zation and unspiralization of the chromatic threads. 

SUMMARY 

The present  note describes a morphological s tudy  of chromosomes extracted from h u m a n  resting 
nuclei, bo th  of normal and leukaemic leucocytes. The isolated chromosomes were examined in the 
electron microscope. At a magnification of I5,OOO-2O,OOO times they  appeared to consist of a pair  
of regularly and t ight ly spiralized filaments. The observat ions are discussed in relation to the s t ructure  
seen in vivo. 

RI~SUMI~ 

Dans ce m6nloire l ' au teur  d6crit une 6tude morphologique de chromosomes  extrai ts  de noyaux  
de leucocytes humains  no rmaux  et leuc~miques 5~ l '6tat  de repos. Les chromosomes  isol6s ont  6t~ 
examines A l'aide du microscope ~lectronique. A un grossissement de 15,ooo ~ 2o,ooo ils semblent  
6tre constitu6s d 'une paire de filaments r~guli6rement enroul6s en spirale serr6e. L ' au teu r  discute 
ces observat ions par  r appor t  ~ la s t ructure  observ~e in vivo. 

ZUSAMMENFASSUNG 

Die vorliegende Notiz beschreibt  die morphologische Unte rsuchung  von Chromosomen,  die aus 
Kernen von normalen und leukiimischen menschlichen Leukocyten  im Ruhes t ad ium ext rahier t  
wurden.  Die isolierten Chromosomen wurden un te r  dem Elekt ronenmikroskop untersucht .  Bei einer 
Vergr6sserung von 15,ooo-2o,ooo schienen sie aus einem Paar  regelmi~ssig und dicht aufgewundener  
F/iden zu bestehen. Die Beobachtungen werden in Verb indung  mit  den in vivo beobachte ten  Struk- 
turen besprochen. 

Addendum 

After the presenta t ion of this paper  for publication, Dr  DENUES kindly informs me, tha t  
spiralized filaments can be observed wi th  the electron microscope, which should be interpreted as 
con taminant  bacteria. These objects are similar to those referred to by  YASUZUMI and by  myself 
as isolated chromosomes.  I do not  object to Dr DENUES' observation,  and I assume, too, t ha t  bacteria 
as well as fungel filaments can show the same spiralized s t ruc ture  as the chromosomes  do. On the 
other  hand;  the great  major i ty  of m y  prepara t ions  is composed of chromatic  fi laments taken from 
isolated nuclei. Evidence of this fact is presented in my  preceding works on .these filaments (see 
ref. 12 and i5), which show a higher degree of Feulgen positivity,  which fails to appear  in bacteria. 
Thus  I assume tha t  only a casual minor i ty  of the analysed filaments could be contaminants .  
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