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p e r t u r b a t i o n s  w h e n  swi tching.  The  ra t e  of ex tens ion  is 
a d j u s t a b l e  f rom 7 v m / m i n  to 3500 ~ m / m i n  and  ca l ib ra t ion  
is effected b y  means  of a bu i l t  in  d ia l -gauge (G) w i t h  a 
r ange  of 5 m m  and  a reso lu t ion  of 1 ~m (Tenso, Huggen-  
berger,  Ziirich). T he  c o n s t r u c t i o n  of t he  s y s t e m  is 
suff ic ient ly  accu ra t e  to  ensure  s m o o t h  m o v e m e n t  a t  t he  
mic ron  level, a n d  a compressed  a u t o m o b i l e  va lve - sp r ing  
(F) (c. 5 kg/cm, BMC, Covent ry ,  U.K.)  is used to e l imina te  
b a c k l a s h  in t h e  screw sys tem.  

The  force t r a n s d u c e r  (4.5 kg max. ,  t y p e  UF2,  Pye-  
E the r ,  S tevenage ,  U.K.)  is r ig id ly  m o u n t e d  on  a brass  
p la t e  a t t a c h e d  pe rpend icu la r ly  to  t he  s l id ing saddle.  The  
m o u n t i n g  holes in  th i s  p l a t e  are s lo t t ed  so t h a t  accura te  
a l i g n m e n t  of t h e  sys t em is possible.  The  compl iance  of t he  
t r a n s d u c e r  is such  as to  p roduce  an  error  of on ly  0.04 m m  
a t  m a x i m u m  loading.  

Two types  of spec imen  grips  are used, depend ing  u p o n  
t he  n a t u r e  of t he  specimen.  Fo r  ho r i zon ta l  ope ra t ion  w i t h  
v e r y  fragile specimens,  t h e  spec imen  ends  are c e m e n t e d  to 
2 f l a t t e n e d  rods  which  screw in to  t h e  force t r a n s d u c e r  and  
s l iding f r ame  respect ively .  Fo r  rou t ine  m e a s u r e m e n t s  on  
less fragile samples,  I n s t r o n  p n e u m a t i c  grips (K) ( type 
2710-002, I n s t r o n  Ltd. ,  H igh  W y c o m b e ,  U.K.)  are used, 
and  t h e  device is ope ra t ed  in t he  ve r t i ca l  mode.  The  
u p p e r  gr ip  is suspended  on  g imbals .  

E a c h  measu r ing  sys tem,  for force and  d i sp lacement ,  
ut i l izes a cohe ren t  ampl i f i e r  des igned and  descr ibed b y  
C-ERARD 2. The  t r an s duce r s  are a c t i v a t e d  b y  s tab le  
aud io - f r equency  oscil lators,  wh ich  also supp ly  t h e  refer- 
ence s ignals  for t he  cohe ren t  ampli f iers .  The  o u t p u t  

f rom each  t r a n s d u c e r  is fed in to  a cohe ren t  ampl i f i e r  a n d  
a D.C. vo l t age  is o b t a i n e d  w h i c h  is a ccu ra t e ly  p ropor -  
t i ona l  to  t h e  p r o p e r t y  be ing  measured .  These  rec t i f ied  
o u t p u t s  d r ive  t he  a p p r o p r i a t e  channe l s  of a n  X - Y  
recorder .  I n  t h i s  way,  accu ra t e  m e a s u r e m e n t s  of force 
versus  ex tens ion  are recorded  c o n t i n u o u s l y  over  wide  
ranges  Of s ens i t i v i t y  a n d  w i t h  a l i nea r i ty  of b e t t e r  t h a n  
1% ~. 

Zusammen/assung. Es  wi rd  eine e infache  u n d  6kono-  
mische  V o r r i c h t u n g  zur  k o n t i n u i e r l i c h e n  Aufze i chnung  
yon  D r u c k b e l a s t u n g s -  u n d  S p a n n u n g s - K u r v e n  biolo- 
gischer  Baus to f fe  beschr ieben .  
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A Microtube Oscillation Method for Cellular Reaggregation 

Cell aggrega t ion  has  been  used to  s t u d y  b o t h  h i s t o t y p i c  
r e a r r a n g e m e n t  (MosCONA 1) and  t he  s t r e n g t h  of cel lular  
adhes ion  (EDWARDS 2). A compar i son  is m a d e  in  t he  Table ,  
be tween  var ious  me thods ,  c o n t r a s t i n g  n u m b e r s  of ceils 
needed,  t he  in te r fe rence  of a solid surface,  a n d  t he  faci l i ty  
for o b s e r v i n g  t he  f o r m a t i o n  of i nd iv idua l  aggregates .  
(CURTIS and  GREAVES 8, CUNNINGHAM a n d  HIRST 4, 
JONES and  KEMP 5, OPPENHEIMER and  OLDENKRANTZ 6, 
HENKART and  HUMPHREYS 7, ~OUX s a n d  HERBSTg). 

Th i s  p a p e r  descr ibes  t he  use of an  acous t ic  p u m p  for 
s t u d y i n g  agg rega t ion  of v e r y  smal l  n u m b e r s  of cells in  
suspension,  u n d e r  d i rec t  obse rva t ion .  

Materials and methods. H e L a  cells, CBM17 cells, 
(FRANKS and  HENZELL 1~ or p r i m a r y  mouse  e m b r y o  cells 
were suspended,  a t  a dens i t y  of b e t w e e n  104 and  10 b per  
ml  in cu l tu re  m e d i u m  w i t h  Hepes  buffer  a n d  calf serum. 

Aggrega t ion  c h a m b e r s  were m a d e  f rom t h e  f ine ends  
of d isposable  P a s t e u r  p ipe t tes .  These  were b e n t  t h r o u g h  
90 ~ a b o u t  1 cm f rom the  end, a n d  aga in  in a p lane  per-  
pend icu la r  to  t he  f i rs t  b e n d  a f u r t h e r  3 cm a long  t he  tube .  
T h e y  were cu t  3 cm b e y o n d  t h a t  and  were f l ame  pol ished.  
E a c h  t u b e  was f i t t ed  w i t h  a minu te ,  cen t r a l ly  bored,  
sil icone r u b b e r  bung ,  and  was s ter i l ized b y  d ry  hea t .  

The  bungs  f i t t ed  in to  a shor t  p las t i c  t u b e  connec t ed  to 
t he  ear  m o u l d  connec t ion  of a Madresco  OL 575 hea r ing  
aid earpiece.  The  l a t t e r  se rved  as a pressure  t r ansduce r ,  
d r iven  b y  an  osci l la tor  ope ra t i ng  a t  low audio  f requencies  
(20 to 200 Hz).  

The  open  end  of t he  t u b e  was s u b m e r g e d  in l iquid  
pa ra f f in  in  a P e t r i  d ish ;  t h e  en t i r e  a p p a r a t u s  be ing  held  
w i th  P las t i cene  u p o n  a n  a l u m i n i u m  p l a t e  w i t h  a cen t r a l  
hole. A second tube ,  no t  connec t ed  to  a t r a n s d u c e r  was 

Method Direct Cell Third 
observation of numbers phase 
aggregation needed attachment 

Principle References 

Shaker flask None High None Cell 1 
collision 

Turbidimetric None High None Cell 3-5 
collision 

Miniature shaker None Moderate None Ceil G, 7 
collision 

Settling Satisfactory Low Dominant Cell s, 9 
rearrangement 

Microtube oscillation Satisfactory Low None Cell 
collision and 
clustering 
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p l a c e d  w i t h  t h e  s u b m e r g e d  e n d  p a r a l l e l  to  t h e  a g g r e g a t i o n  
t u b e  ( F i g u r e  1). 

T h e  o s c i l l a t o r  w a s  s w i t c h e d  on ,  a n d  u s i n g  a f ine  g l a s s  
m i c r o p i p e t t e ,  cel ls  in  s u s p e n s i o n  w e r e  i n t r o d u c e d  i n t o  
e a c h  t u b e .  A v o l u m e  of  a b o u t  0 .025 m l  g a v e  a c y l i n d e r  
of  m e d i u m  c o n t a i n e d  in  a g l a s s  t u b e ,  c l o sed  a t  e a c h  e n d  
b y  a p a r a f f i n / m e d i u m  m e n i s c u s .  T h e  c y l i n d e r  c o n n e c t e d  
t o  t h e  e a r p i e c e  o s c i l l a t e d  a l o n g  t h e  a x i s  o f  t h e  c y l i n d e r .  

T h e  t u b e  c o n t e n t s  w e r e  o b s e r v e d  a n d  p h o t o g r a p h e d  
w i t h  a n  i n v e r t e d  m i c r o s c o p e ;  a s m a l l  s u b s t a g e  c o n d e n s e r  
a p e r t u r e  b e i n g  u s e d  t o  g i v e  o p t i m u m  c o n t r a s t .  T h e  
o sc i l l a t o r  w a s  t u r n e d  off  d u r i n g  e x p o s u r e s ,  w i t h  t h e  
e x c e p t i o n  o f  F i g u r e  2. 

Results. Cells  o s c i l l a t e d  o v e r  a d i s t a n c e  of  100 tzm a t  
t h e  t u b e  a x i s  a n d  10 ~xm a t  t h e  t u b e  wal l .  T h e y  c o l l e c t e d  
in  zones ,  d e p e n d a n t  u p o n  o s c i l l a t o r  f r e q u e n c y  ( F i g u r e 4 A ) ,  
a n d  f o r m e d  s m a l l  a g g r e g a t e s  w h i c h  m o v e d  t o  o n e  o r  
o t h e r  m e n i s c u s  ( F i g u r e  4B) .  I n d i v i d u a l  ce l ls  a n d  a g g r e -  
g a t e s  c o u l d  be  w a t c h e d  w h i l s t  m o v i n g ,  a p p e a r i n g  as  
s m a l l  r o d s  ( F i g u r e  2). A g g r e g a t e s ,  b u i l t  u p  o v e r  a p e r i o d  

Fig. 1. Microaggregation apparatus assembled beside a 5 cm Petri dish. 
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Fig. 3. CBMI7 cells in control 
culture showing the flattening 
of well distributed single cells. 
A) appearance at 10 miD; ]3) 
appearance at 5 h. 

Fig. 4. Cells in oscillated cul- 
ture showing clustering and 
aggregate formation. A) at 10 
mill with clustering ill zones; 
B) at 5 h with clustering in 
zones. 
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of several  hours, f la t tened on the  tube  wall  if allowed to 
set t le  and re ta in  contact .  In  the  'st i l l '  tube,  cells f la t tened 
and grew as a monolayer  (Figures 3A and B). If  the  
l iquid paraff in  was replaced by tissue cul ture medium,  
the  oscillations caused a rapid  and control lable  je t  of 
med ium distal  to ti le orifice (Stokern) .  

Discussion. Cells in oscil lat ing columns of cul ture  
med ium could not  settle. Cells at the  centre of such 
columns moved  more rapidly  than  those at  the  periphery,  
hence collisions occurred. Stable  clustering at  sites 
de termined by oscillator f requency indicates an harmonic  
effect, and this  wi th  the  gather ing at  t i le menisci  show 
tha t  factors o ther  t han  collision and shearing apar t  were 
involved  in these exper iments .  Control  and test  cultures 
were viable and of greates t  importance ,  could be observed 
during format ion  wi thou t  the  interference of a stat ic  
surface. 

The me thod  reduces the  number  of cells and m e d i u m  
vo lume considerably,  compared  wi th  suspension techni-  

ques previously  described, and allows observat ion  of form 
and size th roughou t  exper iments .  I t  has been suggested 
t h a t  numerica l  assessment  of aggregat ion is feasible. 

Rdsumd. Descr ipt ion d ' u n  apparei l  pour  l '6 tude de la 
r6agr6gation des cellules. Observa t ion  de la fo rmat ion  
d 'agrggats  individuels  ne comprenan t  que de tr~s pet i t s  
nombres  de cellules. Les cellules individuelles  et les 
agr6gats sont  main tenus  en suspension dans une colonne 
l iquide oscillante. 
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Freies Thyrox in  i m  S e r u m  durch Ultrafi l tration 

W~hrend  die quan t i t a t i ve  Erfassung der Schilddrtisen- 
hormone  durch Rad io immunoassay  (Tri jodthyronin,  Ts) 
und Prote inbindungsanalyse  (Thyroxin,  T4) routine-  
m~tssig durchgeft ihrt  werden kann, fehlen bisher rasch 
durchfi ihrbare Nachweismethoden  f i i r  den nicht  an 
Tr~gerprote ine  gebundenen Antei l  (FT4). Dieser t r i t t  in 
Beziehung zu Rezep toren  der Ze l lmembran  und ve rmi t t e l t  
die biologische Wirkung  des Hormons.  Da  die T~-Affinit~t 
der Pro te ine  var iabel  sein kann, ist die F T ( B e s t i m m u n g  
ftir die In te rp re ta t ion  abnormaler  T~-Werte diagnostisch 
wertvoll .  

Methode. Blu t en tnahme  (ntichtern) aus unges tauter  
Vora rmvene  in 10-ml Vacu ta iner -R6hre  (Schuco-Inter-  
national ,  Hamburg) ,  Zentr ifugieren und i3ber t ragung yon 
ca. 4.5 ml Serum in eine gleiche vorbeschr i f te te  R6hre  
(pH-Protekt ion) ;  nach Zusatz yon 1-2 ~Ci/ml 125j_ 
Thyrox in  (Amersham-Buchler ,  Braunschweig) kurz schtit- 
te ln  und 30 rain s tehen lassen (Raumtempera tur ) .  
Anschliessend Ul t raf i t t ra t ion  w~hrend 2 h u n t e r  3 atii  N~ 
in handelst ibl ichen D r u c k k a m m e r n  (Millipore, Neu- 
Isenburg) tiber Cel luloseni t ra t -Membran (Ausschluss- 
grenze MG 10000, Sartorius, GSttingen) nach dem yon 

PUTMAN 1 angegebenen Verfahren,  das sich ftir Serien- 
bes t immungen  eignet. Bei  E insa tz  yon  4 ml  Serum bet rggt  
die durchschni t t l iche  Ausbeute  an Ul t ra f i l t r a t  1.4-1.7 ml, 
die Mehrfachbes t immungen  zu je 0.4 ml  gesta t te t .  
Prgz ip i ta t ion  und Waschen  erfolgen nach STERLING und 
BRENNER e m i t  MgCl~-L6sung (10%) ill Tris-NaC1, p H  9.3 
unter  gleichzeit igem Zusatz yon Ka l iumphospha t -Puf fe r  
(0.15 M, p H  7.4) und Thyrox in  (1 mg L-Thyroxin /ml  
0.033 n NaOH).  Berechnung:  

cpm/ml Ultrafiltrat 
PFT4 = cpm/ml Serum • 100. 

Die in Tabel le  I angegebenen Wer te  ftir <~absolut freies 
Thyroxin~ (AFT4) errechnen sich aus dem zeitgleich 
bes t immten  T 4 (modifiziert  nach MURPHY und JACHAN 3). 

Die Assoziat ionsbindung zwischen H o r m o n  und TrS.ger- 
prote in  ist s tark pH-abh~tngig. Mit  der beschriebenen 
Technik  ist  der CO2-Verlust gering und die Akt iv i tg t s -  
ausbeute  im Ul t ra f i l t ra t  p ropor t iona l  der dem Serum 
zugesetzten Menge (Figur C). Die Reproduz ie rbarke i t  
Itir P F T  4 ist entsprechend kons tan t  (Figur A), wenn nicht  
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Freies Thyroxin (PFT4) Qualit~tspriifuug. 
A) Variationskoeffizient in der Serie 3.93 
(gleiehe Probe, n = 9), Mindestzugabe 
62~xCi/100ml. B) Koutrolle des tracerbeschick- 
ten Serums. C) lineare Wiederfindung im 
Ultrafiltrat (r = 0.997). 


