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ABSTRACT: A new type of compression chamber for microscopic studies of living microorganisms 
is described. This broadly applicable instrument allows controlled slowing down, turning and 
compression of vagile organisms. It has been developed for use with different types of microscopes, 
especially the modern inverted versions. Due to the extremely flat design, illumination according to 
the K6hler principles is guaranteed. Therefore, all modern procedures such as bright-, darkfield, 
phase-contrast, differential interference contrast, polarized and fluorescent microscopy can be 
carried out. Once focused, parfocal objective lenses (even oil immersion high power objectives) can 
be interchanged without refocusing. The chamber is composed of three basic elements: (1) 
baseplate, with cylindrical head-piece, (2) compression ring for vertical adjustment, (3) rotor, non- 
threaded and gliding on viscous silicon. An upper and a lower circular coverslip is permanently 
glued to the rotor and baseplate respectively. Preparation and interchange of the specimens are 
rapidly done by lifting and subsequent insertion of the non-threaded rotor. Thus, the new chamber 
is an almost non-evaporating closed system and the organisms to be studied are preserved alive for 
many hours. Except when high power magnifications are used, the principles, on which the 
compression chamber is based, allow various modifications in outfitting and design, such as 
transformation into a continuous flow system for fresh- or seawater, or exchange of media at choice. 
The chamber and its function is compared with similar instruments, such as the rotocompressor and 
the Spoon microcompressor. 

INTRODUCTION 

The study of l iv ing microorganisms,  microa lgae ,  protozoa, nanop lank ton ic  and  

meioben th ic  or parasi t ic  spec imens  depends  essent ia l ly  on sui table  preparat ions.  Fast 

moving  organisms or cells  have  to be s lowed  down, but  seda t ive  agents  should be a last 
al ternative.  Quick  prepara t ions  on covered  g lasspla tes  are usua l ly  " o n e w a y  s t reets" ;  

re t r ieval  of organisms is not assured,  purposeful  man ipu la t ions  are not possible,  and the 

observat ion per iod is very l imited.  Therefore,  mic rochambers  are ind i spensab le  tools, 

especia l ly  for long- te rm and c inematograph ica l  studies. A var ie ty  of s imple  or more  or 

less compl ica ted  des igns  have  b e e n  desc r ibed  e l s e w h e r e  (Heuner t  & Uhlig,  1966; 

Heuner t  1970; Spoon, 1978) and are on sale, very  often at immodera t e  charges.  

The various types are des igned,  a lmost  wi thout  except ion,  for upr igh t  ( transmitted 
or reflected) l ight  microscopes.  However ,  in b io logica l  research  and rout ine work  the 
inver ted  type of microscope  is inc reas ing ly  used,  u t i l i z ing  the t endency  towards  

sed imenta t ion  of organisms and consequent ly ,  the cons iderab le  advan tages  for the 

de ta i led  examina t ion  on a main ly  two-d imens iona l  level .  The  pr inc ip le  of inver ted  
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microscopy was or ig inal ly  in t roduced by UtermShl (1931), par t icular ly for studies on 
mar ine  p lankton .  The advan tages  are (a) h igh stabil i ty with s tat ionary tubes  and  stages, 
(b) re ten t ion  of image  sharpness  even  at h igh power  magnif ica t ions  and  (c) large 
work ing  distances,  a l lowing  the use of h igh  chambers ,  vessels  or dishes. 

Especial ly  for microscopical  l ive examinat ions ,  the mobi l i ty  of the more or less 
vagi le  microorganisms can be s lowed down or cut short by a sui table  compression 
chamber  l ike the "roto-compressor".  According to Spoon (1978), this never  patented,  
precise i n s t rumen t  was deve loped  about  40 years ago by A. A. Schaeffer (Biological 
Inst i tute of Phi ladelphia ,  USA). It is preferred by m a n y  protozoologists, meiobentholo-  
gists and  planktologis ts  in  the or iginal  or in  modif ied versions. Unfortunately,  the 
specific des ign  of the roto-compressor does not al low an  adapt ion  to inver ted  micro- 
scopes. 

In order to compensa te  for this p rob lem an d  to combine  ne w  features and  advan-  
tages as much  as possible,  a new  k ind  of mic rochamber  was developed.  

DESCRIPTION AND FUNCTION 

The pr inc ip le  of the construct ion is i l lus t ra ted by a cross-sectional v iew in  Figure 1. 
The chamber  is composed of only three basic  e lements  {Fig. 2)" (1) The basepla te  (M) 
with a cyl indrical  head-p iece  and  an  external  thread and  the coverslip aperture with an  
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Fig. 1. Cross-section of the new compression chamber for studying living microorganisms. Ah: 
airhole. C. compression-ring. Cp: pin for turning compression-ring. Cv: chamber volume. M: 
baseplate. Ma: head-piece of the baseplate. Ms: lower coverslip. Rs: upper coverslip. R: rotor. To: 

compressed medium with organisms. For further explanations see text. 

ext remely  f la t tened support  surface, (2) the compress ion r ing (C), with a wide upper  
gu ide  surface and  an  in te rna l  thread, fi t t ing into the head-p iece  of the baseplate,  (3) the 
rotor (R) with coverslip aperture,  hor izontal ly  g l id ing  u p o n  the lubr ica ted  upper  guide  
surface of the compress ion r ing;  vertically,  wi th in  the in te rna l  cyl inder  wall  of the head- 
piece. Both gu ide  surfaces are lubr ica ted  wi th  viscous silicon. 

The two circular coverslips (Ms and  Rs) of 0.17 mm thickness  each, are inser ted and  
p e r m a n e n t l y  g lued  to the basep la te  and  rotor, respectively,  us ing  a quick-dry commer- 
cial e m b e d d i n g  med ium.  The vert ical  ad jus tment  of the rotor is g iven  by tu rn ing  the 
compress ion r ing to the r ight  or to the left. At the lower edge  of the rotor, two small  bore- 
holes (airhole Ah) admit  air exchange  b e t w e e n  the chamber  cavity (Cv) and  the 
a tmosphere  w h e n  the rotor is inser ted  or lifted off. 

The chamber  is quickly  o p e n e d  by wi thdrawal  of the un th readed  rotor. Single  or 
groups  of organisms are p laced  with a smal l  drop of water  onto the center  of the coverslip 
(Ms). D e p e n d i n g  on the th ickness  of the organisms to be studied, the compression r ing is 
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Fig. 2. Views of the opened (above) and closed (below) compression chamber. Above: baseplate 
(left), compression ring (middle) and rotor (right) 

threaded at a h igher  or lower level. Subsequent ly ,  the rotor is inser ted  into the head-  
piece where  the cyl inder  gl ides down, according to the chosen degree  of compression.  
Here the rotor coverslip (Rs) contacts the drop of water. With clockwise t u rn ing  of the 
compression r ing by means  of the pins  (Cp) and  s imul taneous  ad jus tment  (fixation) of 
the edged rotor the organisms are inc reas ing ly  s andwiched  a nd  f la t tened b e t w e e n  the 
coverslips; if desired, without  horizontal  deflection. Besides, ro tund or spheroidal  organ-  
isms or cells can be rolled from one to another  side by caut ious use of the rotor. 

Due to the closed system there is almost  no evapora t ion  of water  wi th in  the chamber ,  
an especial ly  impor tant  factor w h e n  s tudying mar ine  organisms.  Therefore softly 
squeezed organisms can be wel l  preserved for hours. Furthermore,  the chamber  is 
t ransformable into a flow system for fresh- or seawater,  or for any  other des i rable  
medium,  if the two airholes of the rotor are used  as capi l lary inlet  and  outlet  respectively.  

Because of the extreme central  f latness of the basepta te  (support surface of the lower 
coverslip less than 0,5 mm thick) the lower coverslip (Ms) is posi t ioned just  above the 
level of the microscope stage. Therefore, in  appl ica t ion  to inver ted  microscopes, this low 
profile des ign  allows swi tching of any  parfocal object ive into posi t ion without  refocusing 
even chang ing  from low to h igh power  magni f ica t ions  with a sextuple  revolv ing  
nosepiece;  vice versa, the specific object ive to be used  does not have to be raised a nd  
lowered. On the opposite side, the condenser  fits into the spacious recess (deepening)  of 
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the rotor. Therefore, un iversa l  appl ica t ion  of even  oil immersed  condensor  lenses  is 
possible.  

The flat des ign  of the chamber  guaran tees  opt imal  i l l umina t ion  according to the 
K6hler pr inciples .  Thus, all  s tudies  can  be  done at br ight  - or darkfield,  phase-contrast ,  
differential  in ter ference  contrast  (Nomarski) as wel l  as in  polar ized or f luorescent light. 
Addi t ional ly ,  the low profile permits  survey of the total coverslip area from edge to edge. 

The chamber  is app l icab le  also to conven t iona l  upr ight  microscopes, a l though it has 
one sl ight restriction: with tur re t ing  h igh  power  objectives,  the lenses  may touch the 
i nne r  edge  of the rotor. Therefore, ra is ing of the object ives or respect ively lowering of 
the microscope stage and  refocusing wil l  be necessary.  

The extremely flat chamber  of relat ively h igh  precis ion provides the qual if icat ion 
for exact studies of in te rna l  structures and  specific measu remen t s  of the size of small  
microorganisms (<1008m)  at h igh power  magnif ica t ions  (> x45) .  In this case, the 
central  coverslip apertures  of both the rotor and  basepla te  are s ize- l imited to avoid the 
act ion of capi l lary forces and, consequent ly ,  the abrupt  and  complete  f la t tening of the 
organisms.  For reasons of s tabi l izat ion and  precise manufac tur ing ,  the basepla te  (M) is 
composed of brass. It is also ven t i l a ted  to use t ransparent ,  inert  plastic material  in  
combina t ion  with brass. In this case, the chamber  would  consist  part ly or completely of 
corrosion-resistant  material .  A plastic chamber  could easily be  designed,  if there were 
not such high demands  for precision.  Invest igat ions  on larger specimens,  for instance,  
could be s tudied sufficiently at lower magnif icat ions .  

At present,  the compress ion chamber  can be used successfully for s lowing and 
compress ing microorganisms up to a th ickness  of about  10~m. For example,  exact 
de te rmina t ions  of cell th ickness  are accompl ished by focusing the upper  and lower 
coverslip area  and  observ ing  the dis tance on the dial  indicator  of the focusing wheel  of 
the microscope. C o m b i n e d  with planimetry ,  more re l iable  data on cell volumes and  
biomass calcula t ions  are possible.  

On  comple t ion  of an  examinat ion ,  preferably unde r  stereo-microscopical  control, 
the micro-chamber  can be opened  very quickly  by l if t ing off the rotor. Immediately,  a 
new  sample  can be prepared  or the spec imens  to be examined  can be exchanged.  After 
inser t ion  of the rotor the sample  is ready at once for observation,  provided that the 
compress ion r ing is not turned,  i.e., the previously  set degree  of compression has not 
b e e n  changed.  

DISCUSSION 

The pr inciple  of the new  compression chamber  leaves full scope for the develop- 
men t  of a variety of modifications.  W h e n  used with convent iona l  upr ight  microscopes, 
the genera l  profile des ign  needs  only to be en la rged  ( internal  d iameter  of the chamber  
cyl inder  from 50 to about  70 mm) so as to avoid contact with turre t ing object ive lenses. In 
that case the lower coverslip could be replaced by a thicker glassplate.  If demands  for 
h igh precis ion (studies with oil immersed  object ive and  condenser  lenses) are reduced, 
the compression chamber  could be part ly or totally made  out of t ransparent  plastic 
material ,  which is opt imal  for use with seawater.  

The above men t ioned  "roto-compressor" i nven ted  by Schaeffer has proved very 
successfull  in  the past. It is composed of 9 i tems and  its perfect function depends  on 
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rel iable  precision-tool manufac tu r ing  (6 in terna l  or external  threads). Consequent ly ,  it 
has a relat ively h igh price. Its appl icabi l i ty  is l imi ted to conven t iona l  upr ight  micro- 
scopy, owing to the thick basa l  glassplate.  The specific construct ion does not al low this 
glassplate to be replaced by a coverslip of 0.17 mm thickness,  which  is i nd i spens ib le  for 
optical reasons. 

Recently, a new "rotary microcompressor" has b e e n  descr ibed by Spoon (1978), 
specially des igned  to ut i l ize s tandard  sl ides and  coverslips (22 x 22 m m  or 22 × 40 ram). 
The Spoon microcompressor cer ta inly has some advantages  over the roto-compressor, 
especial ly the low profile des ign  and  the quick set up. There are, however,  some notab le  
shortcomings: (1) The compressor is a more or less unc losed  system and  h igher  evapora-  
tion is unfavourable  for mar ine  organisms.  (2) Organ isms  sandwiched  b e t w e e n  the 
glassplates cannot  be tu rned  pass ively  from one side to another  {for ins tance,  from dorsal 
to ventral) which would  be an  advan tage  in  more or less spheroidal  specimens.  (3) 
Complete  flatness of coverslip and  glassplate,  a funct ional ly  impor tant  condit ion,  is not 
assured. (4) Just  as with the roto-compressor, the Spoon microcompressor  cannot  be used 
with inver ted microscopes. Last bu t  not  least, the des ign  and  even  more the accessories 
of the Spoon chamber  are to a cons iderable  degree  more complicated than  that  of the 
roto-compressor. Provided with only one in te rna l  and  external  thread it is, nevertheless ,  
composed of at least 10 items + 4 clips + 8 screws, made  of a lumin ium,  a l u m i n i u m  alloy 
and  stainless steel. Apart  from the above -me n t i one d  disadvantages ,  the re la t ively 
complicated a r r angemen t  results in  an  appropr ia te ly  h igh  cost of production.  

CONCLUSION 

In comparison to the above -men t ioned  tools the pecular i t ies  and  m a i n  characteris-  
tics of the new versati le compression chamber  can be  summar ized  as follows: (1) 
Suitable for use with a wide  range  of different types of microscopes, especial ly  inver ted  
and  convent ional  upr ight  ones. (2) Opt imal  i l l umina t ion  according to the K6hler princi-  
ples is guarranteed.  Therefore, universa l  appl ica t ion  of all m o d e m  optical procedures  in  
microscopy, such as br ight  or dark-field,  phase-contrast ,  differential  in ter ference con- 
trast, polarized or f luorescence microscopy from lowest to h ighest  power  magnif icat ions .  
(3) Quick prepara t ion  and  exchange  of spec imens  to be s tudied by s imple l if t ing a nd  
subsequent  inser t ion of the un th readed  rotor, g l id ing  on a viscous si l icon lubricant .  (4) 
The chamber  is only composed of five e lements ;  consequent ly ,  it can be produced at a 
relat ively low price. * (5) Due to the low profile, the total aper ture  of the rotor a nd  
baseplate,  respectively, is open  to microscopical  observation.  (6) W h e n  used with 
inver ted microscopes, after a s ingle  focusing at low power, the other parfocal object ive 
lenses can be swung  into posi t ion without  refocusing. Thus l iv ing organisms or cells can 
be s tudied in great  detai l  us ing  high power  magnif icat ions ,  even  o i l - immersed  object ive 
and  condenser  lenses. On the other hand,  w h e n  used with conven t iona l  upr ight  micro- 
scopes, refocusing of the h igh power object ives is necessary.  (7) The state of compress ion 
can be changed  unde r  microscopic control, provided that the chamber  is wel l  fixed on 
the microscope stage. (8) The compression chamber  presents  a closed system a l lowing  

The compression chamber can be ordered from HYDRO-BIOS-Apparatebau GmbH, Am J~gers- 
berg 7, D-2300 Kiel-Holtenau/FRG 
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a l m o s t  n o  e v a p o r a t i o n .  A c c o r d i n g l y ,  i t  is  s u i t a b l e  for  s t u d y i n g  m a r i n e  o r g a n i s m s  for  

h o u r s .  (9) E x c e p t  for  h i g h  p o w e r  m a g n i f i c a t i o n ,  t h e  f u n c t i o n a l  p r i n c i p l e  of t h e  c o m p r e s -  

s i o n  c h a m b e r  a l l o w s  v a r i o u s  m o d i f i c a t i o n s  i n  i ts  o u t f i t t i n g  or  d e s i g n  ( f a b r i c a t i o n  w i t h  

t r a n s p a r e n t  p l a s t i c  m a t e r i a l ,  e x c h a n g e  of m e d i a  b y  a c o n t i n u o u s  f low sys tem) .  
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