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A high speed shaker for the disruption of cells at low temperatures* 
The  a p p a r a t u s  to  be descr ibed is c o m p a r a t i v e l y  s imple ,  inexpens ive  a n d  easi ly avai lable .  Tempe ra -  
t u re s  nea r  o ° C can  be m a i n t a i n e d  for p ro longed  per iods  a n d  a b o u t  6 g of d ry  bac te r i a  can  be 
d i s rup ted  in a single sho r t  opera t ion,  b y  us ing  a shake r  h e a d  in  a ref r igera ted  centr i fuge.  

A suspens ion  of bac te r ia l  cells is s h a k e n  w i t h  o.z m m  glass  beads  a t  h igh  speed (z9oo-2ooo 
r .p .m.)  in a s ta in less  steel  capsu le  on an  I n t e r n a t i o n a l  E q u i p m e n t  Co. No. 6oo7** shake r  head  
m o u n t e d  in an  In t e rna t i ona l  ref r igera ted  centr i fuge.  Capsules  a n d  shake r  head  are  shown  in Fig. i .  
I n  order  to hold  t h e  capsu les  securely  a t  h igh  speeds,  t he  spr ing  is r e m o v e d  f rom t h e  c l a m p  
suppl ied  wi th  t he  shaker ,  t h e  ent i re  l eng ths  of the  ver t ica l  sha f t s  are  th readed ,  and  lock n u t s  
are  used  above  a n d  below t he  side a rms .  T he  overal l  shak ing  effect is a ver t ica l  rec iprocat ion 
w i th  a s l ight  hor izon ta l  m o v e m e n t ,  p roduc ing  ci rculat ion as well as concuss ion  of t he  sample .  
The  s l igh t  hor izon ta l  m o v e m e n t  e l imina tes  t he  p rob lem of vo r t ex  fo rmat ion .  The  l eng th  of t he  
s t roke  a t  t h e  capsule  is i3/8 ' ' .  No mechan ica l  difficulties h a v e  been  encoun te red  in well over  2oo h 
of opera t ion .  However ,  t he  cent r i fuge  should  be level and  all sources  of v ib ra t i on  should  be  
e l imina ted .  

A va r i e t y  of glass a n d  m e t a l  shak i ng  vessels  h a v e  been  used,  b u t  for a d e q u a t e  cooling 
na r row d iame te r  s ta in less  steel  capsules,  of t he  t ype  i l lus t ra ted  in  Fig. I, h a v e  p roven  to be 
t he  m o s t  sa t i s fac tory .  T h e  t i gh t  f i t t ing screw caps  are  f i t ted wi th  po lye thy lene  liners.  To reduce  
foul ing b y  the  glass  beads  t he  screw t h r e a d s  are placed on t h e  ou ts ide  of t h e  capsules.  The  capsules  
can  be  c leaned b y  s h a k i n g  wi th  glass  beads  a n d  wa te r  for consecut ive  per iods  un t i l  meta l l ic  
ab ras ion  is reduced  to a m i n i m u m .  T he  abras ive  effect can  be nullified by  c h r o m i u m  electro- 
p la t ing***  t he  inner  sur face  of t h e  capsule .  

I n  our  e x p e r i m e n t s  equa l  weigh ts  of  a n  a q u e o u s  cell suspens ion  (or water)  and  0.2 m m  
glass beads  ( thorough ly  washed  wi th  acid a n d  water)  were used a n d  the  capsules  were neve r  
more  t h a n  two- th i rd s  filled. I n  order  to m a i n t a i n  t he  in te rna l  t e m p e r a t u r e  a t  below 5 ° C and  
above  freezing, t he  cen t r i fuge  t e m p e r a t u r e  m u s t  be a d j u s t e d  to t he  condi t ions  of t h e  run .  Fo r  
ins tance ,  w h e n  t he  smal le r  capsule  was  s h a k e n  for 3 ° m i n  a t  19oo r .p .m,  w i th  a 20 g charge  ( io ml  
wa te r  p lus  I O g  beads)  freezing of t he  con t en t s  occurred  if t h e  cent r i fuge  t e m p e r a t u r e  was  lower 
t h a n  - - I O  ° C; w i th  one-ha l f  the  charge ,  cen t r i fuge  t e m p e r a t u r e s  lower t h a n  - - 5 ° C  caused 
freezing.  The  p roper  cen t r i fuge  t e m p e r a t u r e  for a 60 g charge  in the  larger capsule  s h a k e n  a t  

Fig. I. Cent r i fuge  shake r  head  and  capsules.  
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Fig. 2. Absorp t ion  spec t ra  of insoluble  f rac t ions  
Capsule  d imens ions :  Smal l :  l eng th  3l/s"; out-  of exponen t i a l  cells a f te r  different  shak ing  
side d i ame te r  I1/16"; wall  t h i ckness  3/a2"; periods.  Values  p lo t ted  are t he  differences be- 
c apac i t y  27 ml.  Large :  l eng th  5" ;  outs ide  di- tween  those  of t he  original suspens ion  (76/zg 
a m e t e r  I3/z~"; wall t h i c k n e s s  1/3~"; capac i t y  d ry  bacter ia /ml)  a n d  t he  cor responding  super -  

80 ml.  n a t a n t s .  

* W o r k  done u n d e r  a research  con t r ac t  wi th  t he  Office of Nava l  Research ,  W a s h i n g t o n ,  D.C. ,  
U.S.A. 

** No. 6007 is t he  pa r t  n u m b e r  g iven  by  t he  In t e rna t iona l  E q u i p m e n t  Co., Bos ton ,  Mass. ,  
U.S.A.,  to  t h e  shake r  hea d  t h a t  will fit t he  t apered  sha f t  of  the  ref r igera ted  centr i fuge.  Otherwise  
i t  is ident ical  to the i r  No. 6o6i shake r  head  for wh ich  t h e y  will also supp ly  t he  p roper  t ape red  
bear ing.  

*** C h r o m i u m ,  w h e n  e lect ropla ted,  ha s  t h e  h a r d n e s s  of  9 on t he  scale where  d i a m o n d  is IO. 
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T A B L E  I 
DISRUPTION OF S .  ]aecalis BY SHAKING 

I nd iv idua l  5 ml  por t ions  of a i % suspens ion  of lyophil ized cells were shaken  wi th  5 g beads  
a t  - - 5  o C and  19oo r .p .m,  for t he  s t a t ed  t ime  in tervals .  T he  capsule  con ten t s  were filtered t h rough  
a coarse s in te red  glass  funne l ;  capsule ,  beads  a n d  funne l  were t h o r o u g h l y  washed  and  the  combined  
suspens ion  was  cen t r i f uge d  a t  20,o00 g in the  cold for i h. Ni t rogen  was  de t e rmined  by  a semi- 
mic romodi f i ca t ion  of t he  m e t h o d  of MILLER AND MILLER 1 on the  to ta l  suspens ions ,  precipi ta tes  
a n d  s u p e r n a t a n t s .  Ul t ra -v io le t  abso rp t ion  spec t ra  were ob ta ined  on t he  to ta l  suspens ions  and  
the  s u p e r u a t a n t s .  The  soluble n i t rogen  r ep resen t s  the  average  of va lues  ob ta ined  f rom the  ana lys i s  
of  the  s u p e r n a t a n t s  a n d  t he  co r respond ing  precipi ta tes .  Thei r  average  difference is tess t h a n  2 % 

T h e  n a t u r e  of the  S. [aecalis cells used  will be descr ibed elsewhere e 

Shc¢king time % nitrogen soluble o~, o/ U.V. at 260 role soluble 

(rain) Exponential cells Stationary cells Exponential cells Slt*tionary cells 

o 20 15 20 20 
3 67 65 69 77 
5 75 71 82 83 

lO 89 77 98 9 l 
20 89 78 97 94 
4 ° 89 79 96 94 

I9oo r .p .m,  for 3 ° m i n  was  - - 2 0  ° C. The  t h i n n e r  wall  of the  larger  capsule  favors  be t t e r  hea t  
t ransfer .  Fou r  of t he  large capsules,  s h a k e n  s imul t aneous ly ,  each wi th  3 ° m l  of a 5 % cell sus-  
pension,  would give a work ing  capac i ty  of 6 g d ry  bacteria .  

The  d a t a  of  Table  I d e m o n s t r a t e  t h e  speed and  comple teness  of t he  solubi l izat ion of n i t rogen  
a n d  26o m/~ absorp t ion  peak  (nucleic ac ids  and  der ivat ives)  of two Streptococcus ]aecalis (ATCC 
9790) p repara t ions .  B o t h  se t s  of resu l t s  are  pa r t i cu la r ly  s t r ik ing  since t h e y  were ob ta ined  w i t h o u t  
w a s h i n g  t h e  insoluble  mater ia l .  T h e  h i gh  speed (2o,ooo g) s u p e r n a t a n t s  con ta ined  on ly  4 % of 
t h e  to t a l  r h a m n o s e  in t h e  cell as de t e rmi ned  b y  t he  m e t h o d  of DlSCHE AND SHETTLES 8. W h e n  
t h e  abso rp t ion  spec t ra  of t h e  insoluble  res idues  were ca lcu la ted  (Fig. 2), a progress ive  decrease 
in t he  260 m/~ peak  was  observed  wi th  increas ing  t i m e  of d i s rup t ion  un t i l  i t  was  no longer  present 
af te r  2o min  of shak ing .  Since r b a m n o s e  seems  to be specif ical ly located in the  cell wal ls  of  Strepto- 
cocci4, 5,6, a n d  t he  nucleic  acid abso rp t ion  is specific for cy top la smi ,  5, an  a p p a r e n t l y  c lean sepa-  
ra t ion  can  bc ob t a ined  by  th is  m e t h o d .  The  overall  recovery  of lyophilized, white ,  h igh ly  soluble 
s u p e r n a t a n t  ma te r i a l  is 7 ° to 8o ~o of the  init ial  we igh t  of cells. The  difference in t h e  soluble  
n i t rogen  f rac t ion  of exponen t i a l l y  g rown  and  s t a t i o n a r y  S. ]aecalis ceils, as  well as  fu r the r  d a t a  
suppo r t i ng  t he  m e t h o d  will be d iscussed  elsewhere 2. 

The  cells were well washed  prior  to  lyophi l iz ing b u t  a s ignif icant  soluble f rac t ion  was  found  
a t  zero t ime  (Table I). Back  ex t r apo la t ion  of t he  d a t a  sugges t s  t h a t  t he  add i t iona l  t ime  requi red  
to d i s rup t  f lesh  cells would  no t  exceed one rain. E v e n  if t he  difference in f ragi l i ty  of lyophi l ized 
a n d  f resh ceils were greater ,  t h e  m e t h o d  would be h igh ly  effective, especial ly s ince  S. ]aecalis 
seems  to  be more  r e s i s t an t  to  mechan ica l  d i s rup t ion  t h a n  some  o the r  o rgan i sms  7. 

The  p r i m a r y  a d v a n t a g e  of th is  procedure ,  as compared  to p rev ious  onesLS,9, is the  ease of 
m a i n t a i n i n g  low t e m p e r a t u r e s  w i th in  t he  s h a k e n  capsule  w i t h o u t  i n t e r rup t ing  t he  run .  The  process  
is rap id  a n d  reproducible ,  and  the  e q u i p m e n t  is easi ly avai lable.  W h e n  o n l y  smal l  quan t i t i e s  of 
cells are  to  be d i s rup ted  or low t e m p e r a t u r e  is no t  essential ,  o rd ina ry  screw capped  bo t t l es  m a y  
be used.  The  shake r  can  be used  for o the r  purposes  a n d  ha s  been employed  in th i s  l abora to ry  
for t h e  p repa ra t ion  of cell free nucle i  f rom an ima l  t i s sues  1°. 
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