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Summary 

F o r  the  isolat ion of chloroplasts  in non-aqueous  med ia  
the  fol lowing organic  solvents  are  su i tab le :  pentane,  
hexane ,  heptane ,  pe t ro leum e ther  and carbon  te t rachlor ide .  
These  solvents  cause a m i n i m u m  loss of lipids. 

The  loss of  l ipids and  some lipid componen t s  of frozen- 
dr ied and  ground shoots  f rom Elodea canadensis dur ing 
the  isolat ion of chloroplasts  in non-aqueous  media  (petro- 
l eum e ther  b. r. 60-80°C and  pe t ro l eum e ther -carbon 
te t rach lor ide  mixtures)  is repor ted .  

PRO E X P E R I M E N T I S  

Preparation of Subcellular Particles 
f r o m  B r a i n  T i s s u e  b y  a F i l t r a t i o n  T e c h n i q u e  t 

The  chemis t ry  and phys io logy of subcel lular  part icles  
have  been ex tens ive ly  s tudied  dur ing  the  pas t  several  
decades.  These par t ic les  are  usual ly  isolated by  differen- 
t ia l  cen t r i fuga t ion  of t issue homogena t e sL  The present  
communica t ion  describes t he  isolat ion of two  par t icu la te  
subcel lular  f ract ions  f rom homogena tes  of bra in  t issue by  
means  of Mill ipore fil ters 3, which are microscopic  and 
submicroscopic  sieves of cellulosic membranes  wi th  pores 
of precise, specified sizes. The  par t ic les  in these two frac- 
t ions have  app rox ima te  size ranges,  swell ing proper t ies  
and a t  least  two  b iochemica l  proper t ies  t h a t  are s imilar  
to those  of the  large granules,  p repared  by  different ial  
cent r i fugat ion ,  to which  the  t e r m  'mi tochondr i a '  is fre- 
q u en t l y  applied.  

Millipore fil ters h a v e  had  several  appl ica t ions  in the  
biological  field. F o r  example ,  t h e y  have  been  employed  
in the  concen t ra t ion  of bac ter ia  and viruses,  which  are 
in the  size range  of several  classes of subcel lular  particles.  

Methods. All operat ions  in p repara t ion  of t he  subcel lular  
f ract ions were  carr ied ou t  a t  0°-4°C. 1 g of m ixed  grey  
and whi te  m a t t e r  f rom the  cerebral  hemispheres  of 
Sprague-Dawley  male  ra t s  was  placed in suff icient  0.25 M 
sucrose solut ion to  m a k e  the  f inal  v o l u m e  10 ml, and 
homogen iza t ion  effected in a Dounce  all glass homogenizer  
by  10 strokes wi th  the  loosely f i t t ing p lunger  and  5 
s trokes wi th  the  t igh t ly  f i t t ing plunger.  The  homogena t e  
was passed successively t h rough  e lec t rodeposi ted  nickel  
screens ~ of a p p r o x i m a t e l y  40 and 20 ix pore sizes. These  
f i l t ra t ions  r emoved  t issue debris,  whole  cells and m a n y  
nuclei.  This  is essent ial  to  avoid  clogging of the  fi l ters wi th  
smal l  pore  size. N e x t  t he  f i l t ra te  was passed th rough  
Mil l ipore f i l ter  SM (pore size 5-0 ~ :t: 1-2 ~z)5 Nuclei ,  r ed  
cells, and  some of t he  largest  rod shaped mi tochondr i a  
were r e m o v e d  a t  th is  step.  The  f i l t ra te  was then  passed 
th rough  Mill ipore fi t ter SS (pore size 3 ~z ~ 0.9 ~). This  
f i l t ra te  witl  be des ignated  SSF.  The  residue on t h e  SS 
fi l ter disc was recovered  b y  r e m o v i n g  the  disc f rom the  
f i l ter  holder,  t u rn ing  i t  upside down, replac ing i t  in the  
ho lder  and  runn ing  2 ml  of 0-25 M sucrose t h rough  the  

f i l t ra t ion  appara tus ,  under  suction. This  resuspended re- 
sidue is des ignated SSR.  S S F  was now pu t  t h rough  the  
Mill ipore f i l ter  AA (pore size 0-80 V, ± 0-05 V). The  re- 
s idue on the  disc, des ignated  A A R ,  was r emoved  as 
descr ibed previously.  

Suct ion  of minus  20-26 inches mercu ry  v a c u u m  was 
used a t  each f i l t ra t ion step. 4.7 cm filter discs were em-  
ployed.  The  X X 2 0  047 000 Hydroso l  s tandard  fi l ter homer  
m a n u f a c t u r e d  by  the  Mill ipore Corpora t ion  was used for 
suppor t  of the  f i l ter  discs. The  fi l ter discs were  p laced 
d i rec t ly  on the  wire screen. A t  0°-4°C amb ien t  t empera -  
ture ,  great  care mus t  be exercised in man ipu la t ion  to  
avo id  producing  minu te  cracks in t he  MilIipore filters, 
especial ly  when  t h e y  are  dry.  Suc t ion  mus t  be appl ied 
gen t ly  for t he  same reason.  Fa i lure  to  observe these  pre- 
cau t ions  m a y  lead to  b a d l y  con tamina t ed  fract ions.  

Adenos ine  t r iphospha tase  and n i t rogen de te rmina t ions  
were done by  me thods  s imilar  to  those  prev ious ly  re- 
por ted  f rom this  l abo ra to ry  ". Cy tochrome  c oxidase  de-, 
t e rmina t ions  were  done  spec t ropho tomet r i ca t ly  b y  the  
m e t h o d  of  COOPERSTEIN and LAZAROW 7 

Phase  microscopy  was used in opt ica l  s t u d y  of the  frac-  
t ions.  Sizes of t he  par t ic les  were e s t ima ted  by  means  of  
a f i lar  micrometer .  Because  of Brownian  m o v e m e n t  of 
the  part icles,  these  es t imates  are  v e r y  diff icul t  to  m a k e  
wi th  accu racy  and  should be regarded  as on ly  rough 
approx imat ions .  

Swel l ing of  t he  par t ic les  was  s tud ied  b y  observ ing  
changes  in the i r  size under  di rect  microscopic  observat ion .  
Solut ions  of sucrose wi th  osmot ic  s t rengths  lower t h a n  
t h a t  of t he  s t anda rd  0.25 M sucrose suspension media  
were run  benea th  the  cover  slip and changes  in par t ic le  
size were noted .  

For  the  purposes  of compar i son  wi th  f i l t ra t ion  f rac t ions  
S S R  and A A R ,  the  subcel lular  f ract ion t h a t  sediments  
af ter  cen t r i fuga t ion  for 15 rain a t  12 000 × g r av i t y  - the  
'mi tochondr ia l '  f rac t ion - was prepared  f rom ra t  b ra in  
homogena te  according to procedures  p rev ious ly  de- 
scribed 6 The  f rac t ion was no t  washed.  I t  will be referred 
to as 12G15 °. 

Results. The  two fract ions  S S R  and A A R  conta in  
spherical, comma,  and  rod shaped  par t ic les  morpho-  
logically indis t inguishable  in the  phase microscope f rom 
the  part icles  seen in the  12G15 or  'm i tochondr i a l '  f rac t ion 
prepared by  different ial  cent r i fugat ion .  There  was no t  a 
clear cu t  separat ion of par t ic les  wi th  respect  to size in 
the  two fractions. I n  S S R  there  was a p reponderance  of 
the  larger  part icles f rom approximately 2.5 to 4.0 Ez in size. 
However ,  m a n y  of t he  smal ler  par t ic les  which  are  t he  
main  const i tuents  of A A R  were p resen t  in SSR.  Rare ly ,  
a red cell was encountered  in SSR.  A A R  consisted largely  

x We are grateful to the David Baird Grant in Neurological 
Research of the United Cerebral Pals:? Research and Educational 
Foundation, Inc. and to the National Institute for Neurological 
Diseases and Blindness, National Institutes of Health, United States 
Public Health Service {Grant B-305 C), for generous support of this 
work. 

2 R. R. BENSLEY and N. L. HOERR, Anat. Ree. riO, 449 (1934). 
3 Can be obtained from the Milliporo Corporation, Bedford, 

Massachusetts, In the early phase of our work some filters were 
supplied gratis. We are also indebted to their staff for helpful advice. 

4 Kindly supplied gratis by the Pyramid Screen Corporation, 
Brookline, Massachusetts. 

Details of calibration and standardization of these filters can 
be obtained from the Millipore Corporation. 

e W. K. JORDAN and R. MARCH, J. Ilistochem. Cytochem. 4, 301 
{1956). 

7 S. J. COOPERS'rEIN and A. LAZAROW, J. biol. Chem. 189, 665 
(1951). 
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of smaller  spheres and v e r y  th in  rods ranging  f rom approx- 
imately 1.0 to 2-0 [~. Some of the  larger  par t ic les  seen in 
S S R  were also in A A R .  Some v e r y  smal l  par t ic les  less 
t han  0.8 ~ were also seen in AAR.  

The  sizes of par t ic les  in t he  12G15 f rac t ion  were f rom 
1 i~ to  4 V, which is t he  range repor ted  b y  t~RODY and  
BAIN s in the i r  or iginal  descr ip t ion  of the  microscopic 
character is t ics  of this  fract ion.  V, re observed  some par-  
t icles in this  f rac t ion which  were  less t h a n  1 it. The  micro-  
scopic observat ions  of I~RODY and I3AIN were  done on  
washed  12G15 fract ions,  which  m a y  account  for th is  
difference. 

Lower ing  of osmot ic  s t reng th  of  the  a m b i e n t  l iquid  me-  
d ium produced  swell ing in mos t  of the  par t ic les  in b o t h  
f i l t ra t ion  fract ions.  

Aging the  f i l t ra t ion fract ions for periods of f rom 1-8 h 
a t  4°C induced crescent  fo rmat ion  in m a n y  of the  
particles.  

The  swelling proper t ies  and crescent  fo rmat ion  of 
12G15 part icles  were s imilar  to those of fract ions A A R  
and SSR.  

In  the  Table  are summar ized  the  results of observat ions  
on the  adenosine t r iphospha tase  and cy tochrome  c oxidase 
act iv i t ies  of these two  fractions.  Fo r  comparison,  s imilar  
observat ions  on f rac t ion 12G15 prepared  by  different ia l  
cent r i fugat ion  are repor ted.  As can  be seen, t he  specific 
ac t iv i t ies  of these two  biochemical  react ions are in the  
same range in al l  three  par t ic le  groups.  

The specific activity of ATPase is expressed as the micrograms of 
phosphorus released per h per mg ol nitrogen. The specific activity 
of cytoehrome c oxidase is expressed as the decrease in log10 of the 
concentration of ferrocytochrome c]min/mg of nitrogen. Designa- 
tions of the fractions are defined in the text. Results are the means 

of 4 experiments 

Fraction 

12G15 
SSR 
AAR 

ATPase 

3257 
3536 
3994 

Cytochrome 
c Oxidase 

28.2 
19-7 
21-8 

P repa ra t ion  of the  par t ic les  by  f i l t ra t ion could be  ef- 
fected in abou t  half  the  t ime  requi red  by  the  different ial  
cen t r i fuga t ion  technique.  The  final  yield was less t h a n  
t h a t  ob ta ined  by  centr i fugat ion.  

Discussion. B y  means  of f i l t rat ion,  two  fract ions of 
subcel lular  granules  can  be isolated f rom brain  homog-  
ena tes  t h a t  resemble in morphological ,  swelling, and  two  
biochemical  propert ies ,  t he  'mi tochondr ia l '  f rac t ion ob- 
t a ined  b y  di f ferent ia l  centr i fugat ion.  This  t echn ique  re- 
quires  tess t ime  t h a n  isolat ion b y  centr i fugat ion,  and 
hence t h e  par t ic les  prepared  b y  the  f i l t ra t ion procedures  
are  exposed to  u n n a t u r a l  condi t ions  for a shor te r  per iod 
before s t u d y  t h a n  are  those  p repared  in t he  centr i fuge.  
I n  v iew of t he  well  known  ' ag ing '  effect  on b iochemica l  
and o the r  proper t ies  of t he  part icles,  th is  m a y  prove  
advan tageous  in cer ta in  types  of inves t iga t ion .  F o r  th is  
reason,  and because of  the  s impl ic i ty  of the  e q u i p m e n t  
required,  the  f i l t ra t ion t echn ique  for p repara t ion  of sub- 
cel lular  granules m a y  serve as a useful a l t e rna t ive  to the  
dif ferent ia l  cent r i fugat ion  procedure  under  some cr icum- 
stances.  Frac t ions  S S R  and A A R  can be used singly or  
in combina t ion .  

W i t h  the  4,7 cm fi l ter  discs and wi th  10 ml  of a 10% 
homogenate ,  separa t ion  of par t ic les  in respect  to size is 
no t  precise, af ter  one f i l t rat ion.  This  is appa ren t ly  the  
resul t  of several  factors,  The  larger  part icles  doubtless  
pile up on the  upper  surface of the  f i l ter  and t r ap  the  
smal ler  part icles  remain ing  in the suspension above  the  
filter. Also, some of the  rod shaped part icles  p robab ly  slip 
t h rough  the  .filter sideways.  W e  h a v e  t r ied  repea ted  fi l tra- 
t ion wi th  t he  4-7 cm filters, analogous wi th  repea ted  
washings in t he  dif ferent ia l  cen t r i fuga t ion  procedure,  and 
th is  does lead to  much  sharper  resolut ion of  par t ic le  size. 
However ,  w i th  t he  4.7 cm filters and  wi th  t he  q u a n t i t y  
of  homogena t e  used the  reduc t ion  in yield wi th  repea ted  
f i l t ra t ions is too  great  to  provide  p repara t ions  of prac t ica l  
va lue  for m o s t  b iochemica l  de terminat ions .  

The  Mill ipore fil ters are avai lable  in sizes up  to  60 cm 
by  130 cm. W e  have  under  cons t ruc t ion  a f i l ter  holder  
t h a t  will  a c c o m m o d a t e  the  larger  filters and also will 
incorpora te  features  mak ing  i t  more sui table  for cell frac- 
t iona t ion  work  t h a n  the  present  commerc ia l ly  avai lable  
holders.  

The  ini t ia l  impression we have  der ived  f rom our  ex- 
per ience wi th  these fil ters is t h a t  wi th  the  e q u i p m e n t  
p resen t ly  avai lable  t h e y  m a y  have  a definite,  t hough  
l imited,  use in b iochemical  cytology.  However ,  a f te r  im-  
p r o v e m e n t  of appa ra tus  and re f inement  of t echn ique  t h e y  
may prove to have a wider applicability. 

In addition to investigations directed toward improve- 
ment in methods for preparing the 'mitochondrial' frac- 
tion, studies on the preparation of other subeellular frac- 
tions by Millipore filters are in progress in our laboratory. 

W. K. JORDAN and J .  DARWIN 

Department o/ Neurology, University o] Arkansas, Ivie- 
dteal Center, Little Rock, August 77, 1959. 

Zusammen/assung 

Es  wird eine Technik  fiir die Isol ierung yon. subzellu-  
l~iren Par t ike ln  in der  Gr/~ssenordnung yon  1-4 I~ (((Mito- 
chondr ien~-Frakt ion)  von  Geh i rnhomogena ten  mi t te ls  
Mil l ipore-Fi l ter  beschrieben.  Die Par t ike l  zeigen morpho-  
logische Quel lnng und  haben  mindes tens  zwei b iochemi-  
sche Eigenschaf ten ,  ithnlich denjenigen von  durch  diffe- 
rent ia le  Zent r i fuga t ion  gewonnenen  ((Mitochondrien))- 
Frak t ionen ,  Diese Technik  kann  als a l t e rna t ive  Methode  
zur  Pr i ipar ierung yon  subzellul~tren Gross te i lchen-Frak-  
t ionen  herangezogen werden.  

s T. M. BRODY and J. A. BAI~', J. biol. Chem. 195, 685 (1952). 
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Aus Versehen wurde  im obigen Ti te l  (<azocynib) ge- 
druckt ,  s t a t t  (~azocinyb), 


