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I N T R O D U C T I O N  

Prev ious  work  h a s  sugges ted  t h a t  s o m e  pro te in(s )  

assoc ia ted  w i t h  t he  f u n c t i o n i n g  o f  t he  mi to t i c  

a p p a r a t u s  ( M A )  in  h u m a n  a m n i o n  cells is syn-  

thes ized  d u r i n g  a re la t ive ly  shor t  pe r iod  j u s t  

p r io r  to t he  e n t r y  of  cells in to  divis ion,  a n d  t h a t  

th is  p ro t e in  is conse rved  a n d  reu t i l i zed  by  d a u g h -  

ter  cells d u r i n g  s u b s e q u e n t  d iv is ions  (1). M o r e  

d i rec t  ev idence  in  s u p p o r t  o f  th is  conc lus ion  

shou ld  be  o b t a i n a b l e  by  b i o c h e m i c a l  ana lys i s  o f  

i sola ted M A ' s .  A m e t h o d  for i so la t ing  M A ' s  f r om 

c u l t u r e d  m a m m a l i a n  cells is t he  sub jec t  of  th is  

repor t .  

M A T E R I A L  A N D  M E T H O D S  

Near ly  all of the  reports  in the  l i terature on the  
isolation of the  M A  concern  the  cleaving eggs of 
invertebrates.  However ,  Pfeiffer (2) repor ted tha t  the  
cold a lcohol-peroxide-Duponol  me thod  of Maz i a  and  
D a n  (3) was used to isolate the  M A  from grasshopper  
spermatocytes ,  and  Stubblefield I has  stated tha t  the  
alcohol-digi tonin technique  of M az i a  (4) c an  be made  
to work wi th  m a m m a l i a n  cells in culture.  Th i s  me thod  
has  drawbacks  (5), bu t  the  fact tha t  it could be 
appl ied to m a m m a l i a n  cells indicated tha t  perhaps 
one  of the  mi lder  me thods  used for sea urchins  migh t  
also be  applied to m a m m a l i a n  cells. T h e  me thod  we 
present  in this repor t  is a modif icat ion of K a n e ' s  
hexylene glycol technique  (6). Whi l e  this m a n u -  
script was in prepara t ion,  it was learned tha t  Forer 2 
has  successfully used ano ther  modificat ion of the  K a n e  
me thod  for the  isolation of the  M A  from cul tured  
m a m m a l i a n  cells. 

Mos t  of our  studies were carr ied out  using the  
Fernandcs  line of h u m a n  a m n i o n  cells (7), bu t  H e L a  
$3 was also used with similar results. T h e  general  
cul ture  me thods  and  med ia  have  been  described 
(8, 9). Phase  microscope observat ions indicated tha t  
the  unmodi f i ed  K a n e  isolation m e d i u m  preserved 
spindle  s t ruc ture  very well bu t  did not  lyse the  cells. 

1 E. Stubblefield. Personal  communica t ion .  
2A. Forer.  Personal  communica t ion .  

Lysis did  occur, however,  w h e n  phospha t e  was omit -  
ted f rom the  m e d i m n  and,  while  the  mitotic appa ra tus  
could be  obta ined  in the  free and  intact  state, unde r  
these condit ions it was stable for only 10-30 rain at 
r oom tempera ture .  Instabi l i ty was charac ter ized  by 
shr inkage  and  loss of  contras t  in the  phase  microscope.  

Since ca lc ium ion has  been  shown to stabilize the  
M A  (5, 10), ca lc ium chloride was added  at  a con-  
cen t ra t ion  of I X 10 -4 M to the  isolation m e d i u m  and  
at 2.5 X 10 -4 M to a subsequent  stabilizing solution. 
T h e  lower concen t ra t ion  was chosen for the  initial 
isolation because at concentra t ions  above 1 X 10 -4 M 
the  M A ' s  could not  be  freed f rom other  cellular 
components .  T h e  h igher  CaC12 concent ra t ion  was 
chosen for the  second solution to fur ther  enhance  
stability. Whi l e  ca lc ium ion reduces  the  solubili ty of 
the  isolated M A  (5) and  thus  m a y  l imit  the  usefulness 
of the  me thod  for cer ta in  kinds of studies, we find 
tha t  ca lc ium-t rea ted  M A ' s  are well suited for fine- 
s t ruc ture  studies as well as l ight  and  electron micro-  
scopic r ad ioau tog raphy  (unpubl ished  findings). 

T h e  following is the  detai led procedure.  Mitot ic  
cells collected according to the  Robb ins  and  Marcus  
(11 ) t echnique  are  sed imented  at abou t  600 g, washed  
in Gey's  ba lanced  salt solution (sometimes omit ted) ,  
and  then  resuspended  in the  isolation m e d i u m  (1 M 
hexylene glycol, 1 X 10 -4 M CaC12, p H  6.4-6.5).  T h e  
cells are passed rapidly t h rough  a Pasteur  pipet te  for 
5-10 rain to has ten  lysis, and  the  released M A ' s  
are sed imented  at about  130 g, and  t hen  resuspended  
in stabilizing solution (1 M hexylenc glycol, 2.5 X 
10-4 M, CaC12, p H  6.4-6.5).  If  it is observed at this 
stage tha t  the  degree of removal  of cy toplasm is not  
sufficient, the  M A ' s  can  be re tu rned  to the  isolation 
solution for fur ther  t rea tment .  All procedures  are 
carr ied out  at r oom tempera ture .  As shown below, 
the  M A  can  r ema in  in the  stabil izing solution for at 
least 20 hr  at room tempera tu re  wi thout  visible deg-  
rada t ion  as seen in the  phase  microscope. 

Phase  pho tomicrographs  were taken of M A ' s  sus- 
pended  in the  stabilizing solution. For  electron 
microscopy, M A ' s  were fixed in 2 .5% g lu ta ra ldehyde  
in 0.1 M phospha te  buffer  conta in ing  2.5 X 10 -4 M 
CaC12 a t  p H  6.5 for 45 rain, r insed several  t imes in 
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FIGURE I Low-power phase photomicrograph showing the general quality of preparations obtained. A, 
Metaphases oriented with spindles nearly parallel to plane of coverslip. B, Metaphases oriented with 
spindle nearly perpendicular to plane of coverslip. C, Anaphase. D, Interphase nuclei. X 410. 

FIGURES ~-4 Anaphase figures showing retention of both fibrous and nonfibrous materials between the 
groups of separating chromosomes. Note the line of dense material across the equator of the mitotic ap- 
paratus in Fig. 4. Figs. ~ and 3, X 1750; Fig. 4, X 1~00. 

Fmu:aE 5 Tripolar metaphase. X 1700. 

FIGURE 6 Normal metaphase. X 1750. 

the same buffer solution, and postfixed in Caulfield's 
buffered osmium tetroxide with sucrose (12). The 
material was then dehydrated in a graded ethanol 
series, embedded in cross-linked methacrylate (13), 
and stained by Millonig's lead acetate-uranyl acetate 
staining technique (14). 

R E S U L T S  A N D  D I S C U S S I O N "  

Fig. 1 illustrates, at low magnification, several 
features of the preparations we generally observe. 
I t  includes 3 metaphases (A) which are oriented 
with the spindles approximately parallel to the 
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FIGURE 7 Anaphase which, after isolation, remained at room temperature for ~1/~ hr before it was photo- 
graphed. )< 1~00. 

FIGtmES 8-9 MA's which remained at room temperature for ~0 hr before being photographed. Both 
MA's are from the same preparation. )< 1600. 

cover slip. However, as indicated by 2 examples 
(B), the metaphase M A  may also be oriented 
with the axis of the spindle nearly perpendicular 
to the plane of the cover slip, rendering the 
spindle difficult to see. Floating the cover slip on 
an excess of the suspension often allows the M A  
to tumble, revealing that the two views are of the 
same objects. When the spindle is parallel to the 
cover slip, it is easily seen; when it rotates to a 
perpendicular position, it is nearly invisible. Fig. 
1 also shows an anaphase (C) as well as some 
interphase nuclei (D). All of the structures are 
relatively free of cytoplasm. Since interphase 
nuclei are also freed of their cytoplasm by this 
treatment, the method might  be useful for the 
gentle isolation of interphase nuclei in aqueous 
media. 

Figs. 2-4 are anaphases which show fibrous ma- 
terial between the groups of chromosomes as well 
as a more amorphous ground substance. In  Figs. 
2 and 3, "thickening" of the spindle fiber in the 
equatorial region may be seen. In Fig. 4, the 
accumulation of material in this zone is much 
more obvious and conforms to what can be seen 
in fixed cells (e.g., 15). Fig. 5 shows an isolated 
tripolar metaphase of the type occasionally seen 
in cultured cells, and Fig. 6 is a normal meta- 
phase. While, as shown in this photo, we some- 
times see remnants of material attached to the 
spindle, we do not observe the kind of astral 

configuration seen in cleaving eggs, either in the 
fixed cell (16) or in the isolated MA. The  photo 
of the anaphase in Fig. 7 was taken about 21/~ hr 
after isolation. Note that the upper pole, espe- 
cially, looks like a double structure. 

Figs, 8 and 9 are metaphases photographed after 
having been isolated and left in the stabilizing 
solution for 20 hr at room temperature. Although 
both MA's  are from the same slide, there is a 
difference in the size and shape of the two spin- 
dles. The  type of spindle in Fig. 8 is much more 
common;  it tends to be ellipsoidal, and the pole- 
to-pole distance is shorter. This latter type might  
be a result of partial degradation. 

As shown in a representative electron micro- 
graph (Fig. 10), the microtubular elements of 
the spindle are not degraded by our isolation 
procedure. Kane  and Forer (17) showed that 
isolated sea urchin spindles lost solubility during 
storage and that this loss of solubility was paral- 
leled by degradation of spindle microtubules. 
However, it was not known whether these two 
phenomena were directly related. Since spindles 
isolated in the presence of calcium tend to be 
rather insoluble (5), 3 the preservation of micro- 
tubules in our material indicates that loss of 
solubility is not necessarily related to degradation 
of microtubules. 

3 G. M. Donnelly and J.  E. Sisken. Data unpublished. 
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FIGURE 10 Electron micrograph of a portion of an  isolated mitotic apparatus ,  showing intact  spindle 
microtubules as well as the  denser chromosomal substance. This  material was exposed to the  isolation 
medium for 30 rain and to the  stabilizing solution for ~0 min prior to fixation. )< 6o,ooo. 
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S U M M A R Y  

A method based on the Kane  hexylene glycol 

procedure (6) has been developed for the isolation 

of the mitotic apparatus of mammal ian  cells in 

culture. The  mitotic apparatus so isolated from 
human  amnion and HeLa cells in culture retains 
cytological details commonly observed in cells 

fixed in toto. 
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