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Dowex  50 (H+) columns,  t he  PCA was Muted w i t h  1 
v o l u m e  (160 ml) of de ionized water ,  a n d  c o n c e n t r a t e d  
10-fold b y  f reeze-drying.  T he  PCA c o n t e n t  (Table) of 
these  c o n c e n t r a t e s  was  d e t e r m i n e d  a f t e r  hydro lys i s  
(1 h a t  100~ in 1 M HC1) b y  n i n h y d r i n  assay  of t h e  
g lu t amic  acid fo rmed  2. Care m u s t  be t a k e n  to  avo id  
hemolys i s  in  t he  p r e p a r a t i o n  ot p l a s m a  since we f ind 
gu inea-p ig  red  b lood  ceils con t a i n  more  t h a n  ha l f  the  t o t a l  
free amino  acids a n d  PCA (5.8 and  0.8 amole /g  we t  wt,  
respect ive ly)  of whole  blood. 

Af te r  w a t e r  e lu t ion  f rom Dowex  50 t he  p l a s m a  PCA 
concen t r a t e s  were f u r t h e r  pur i f ied  b y  c h r o m a t o g r a p h y  on  
1.5 x 23 cm Dowex  1 ( formate)  columns.  T he  co lumns  were 
sequen t i a l ly  Muted w i t h  200 ml  por t ions  of w a t e r  (I), 
1 N formic  acid (II)  a n d  4 2V formic  acid ( I I I ) .  These  
f rac t ions  were c o n c e n t r a t e d  b y  f reeze-dry ing  wh ich  also 
r e m o v e d  f o r m i c  acid. Fol lowing p a p e r  c h r o m a t o g r a p h y  of 
a l iquo t s  of these  f rac t ions  on  W h a t m a n  No. 1, t he  chlor ine-  
s t a rch- iod ide  pep t ide  b o n d  r eagen t  of RYDON a n d  SMITH s 
revea led  a single spo t  in  f r ac t ion  I I  w i t h  t i le  same  Rf  as 
pu re  L PCA (Mann  Research  Labora to r ies ,  Orangeburg ,  
New York).  A m i x t u r e  of t he  pur i f ied  c o m p o u n d  in 
f r ac t ion  I I  a n d  pu re  L-PCA m i g r a t e d  as a s ingle spo t  
(Figure).  The  iden t i f i ca t ion  of th i s  pur i f ied  c o m p o u n d  

f rom n o r m a l  p l a s m a  as PCA was conf i rmed  by  i ts  comple te  
convers ion  to  g l u t a m i c  acid b y  1 M HC1 hydro lys i s  a t  
100~ for 1 h (Figure).  

These  e x p e r i m e n t s  e s t ab l i sh  PCA as a c o m p o n e n t  of 
n o r m a l  p lasma.  I t s  c o n c e n t r a t i o n  is s imi la r  to  t h a t  of free 
a m i n o  acids of i n t e r m e d i a t e  a b u n d a n c e  such as lysine, 
p ro l ine  and  va l ine  ~. 

Zusammen/assung. Wir  i so l ier ten  u n d  iden t i f i z ie r t en  
Py r ro l idonca rbons / iu r e  als e inen B e s t a n d t e i l  des n o r m a l e n  
P lasmas .  I m  mensch l i chen  u n d  M e e r s c h w e i n c h e n p l a s m a  
war  die K o n z e l l t r a t i o n  0,22 bezw. 0,33 amole /ml .  
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Intracellular Response by Tetrahymena pyriformis 
A m o n g  the  effects on  t he  cil iate,  Tetrahymena pyri/or- 

mis (TP), of specific a n t i s e r u m  whose  c o m p l e m e n t  (C) ac- 
t i v i t y  has  been  r e m o v e d  b y  h e a t i n g  (56~ 30 rain) are 
agg lu t ina t ion ,  immobi l i za t ion ,  e x u d a t e  f o r m a t i o n  on  t h e  
cil ia a n d  a r o u n d  t he  an imal ,  a n d  f o r m a t i o n  of chains ,  
m u l t i n u c l e a t e d  g i a n t  cells, or m o n s t e r s  1-4. W h e n  C was 
presen t ,  k i l l ing a n d  lysis could also be  observed .  C-act ive  
n o r m a l  sera  b e h a v e d  essent ia l ly  l ike C-act ive  specific an t i -  
sera. However ,  C- inac t ive  (heated)  n o r m a l  sera  fai led to  
cause  a n y  of these  react ions ,  excep t  for  a t r a n s i t o r y  i m m o -  
b i l i za t ion  4. This  p a p e r  descr ibes  a new p h e n o m e n o n  el ici ted 
in T P  b y  C- inac t ive  fluids. N o r m a l  r a b b i t  a n d  h u m a n  sera  
a n d  m o u s e  asci tes  f luids induce  a v i sua l ly  d e t e c t a b l e  in t r a -  
cel luIar  response  w i t h i n  TP.  Cil iates so exposed  a n d  p laced  
on  a f l a t  s l ide to  w h i c h  a cover  glass is t h e n  af f ixed as sume  
a ' b ipo la r '  a p p e a r a n c e  a b o u t  24 h l a t e r :  Smal l  ' bod ie s '  
(granules,  vesicles or vacuoles  ?) a c c u m u l a t e  an te r ior ly ,  
large ones pos ter ior ly .  

Log phase  T P  (3 d a y  cul ture)  of t he  A.M.  E l l i o t t  s t r a in  
W H  6 (Whl) syngen  1, m a t i n g  t y p e  I, c u l t i v a t e d  in 1 %  
p ro t eose -pep tone  a n d  t r y p t o n e  b ro th ,  p H  7.2, were sedi- 
m e n t e d  a n d  w a s h e d  twice  w i t h  0.5 % NaC1 so lu t ion  b y  
gent le  c en t r i f uga t i on  and  suspended  in t i le 0.5 % saline.  
Asep t ic  p r ecau t i ons  were  n o t  obse rved  fol lowing cult i-  
va t ion .  

Asci tes  f luid was induced  in female  C F W  mice  a f t e r  5 
i .p .  in jec t ions  of a 1 : 1 m i x t u r e  of 0.85 % NaC1 so lu t ion  
a n d  F r e u n d ' s  Comple te  A d j u v a n t .  All  asci tes  f luids a n d  
h u m a n  a n d  r a b b i t  sera  were h e a t e d  for 30 mil l  a t  56~ 
( c o m p l e m e n t  i nac t iva t ion )  before  s to r ing  a t  -60 ~ Most  
of t he  work  was done  w i t h  asci tes  fluids, s ince these  read i ly  
induced  t he  b ipo la r  s ta te .  

to Fluids from Unimmunized  Animals  

E q u a l  p a r t s  of a f luid and  T P  were m i x e d  in t e s t  tubes .  
One drop  of the  m i x t u r e  was p laced  on  a cover  glass wh ich  
was t h e n  aff ixed to  a f la t  microscope  sl ide w i t h  pe t ro la -  
t um.  W h e n  no t  be ing  obse rved  t he  slides were k e p t  a t  
25 ~ C. E a c h  slide also c o n t a i n e d  a m i x t u r e  of T P  and  0.5 % 
sal ine as a control .  

I m m o b i l i z a t i o n  to  va r ious  degrees  a n d  e x u d a t e  for lna-  
t i on  nea r ly  a lways  were ev iden t ,  a g g l u t i n a t i o n  was fa i r ly  
common ,  g i an t  or m o n s t e r  cell f o r m a t i o n  occasional .  The  
b ipo la r  p h e n o m e n o n  (Figure 1) appea red  as ea r ly  as 7 h, 
was  widespread  16 to  48 h a f t e r  m i x i n g  f luid a n d  T P  a n d  
pers i s ted  for  severa l  more  days.  B ipo la r i za t ion  could be 
obse rved  a t  40 • magn i f i ca t ion  a n d  was genera l ly  s tud ied  
a t  450 •  Va r i a t i ons  poss ib ly  r ep r e sen t i ng  d i f fe ren t  s tages  
of b ipo l a r i za t i on  (absence of ' c lear '  a rea  be tween  large 
and  smal l  bodies,  occur rence  on ly  of m a n y  large bodies  
e i the r  d ispersed or a t  one end, b ipo la r i za t ion  of sma l l  
bodies) were also seen a t  t imes.  Sal ine cont ro l s  (Figure  2) 
n e v e r  d i sp layed  f r a n k  b ipo la r iza t ion ,  even  t hough ,  v e r y  
rarely,  b ipo la r i za t ion  of s m a l l b o d i e s  occurred.  I n  t he  b i p o -  
lar  s t a t e  cyclosis of t h e  large and  smal l  bodies  was n o t  
ev iden t ,  a l t h o u g h  these  bodies  d id  no t  a p p e a r  to  be  immo-  
bile. T h e y  e x h i b i t e d  B r o w n i a n  m o v e m e n t .  B ipo la r i za t ion  
has  been  obse rved  no t  on ly  on  f la t  sl ides b u t  also ill hang -  
ing d rop  p repa ra t ions ,  in s t oppe red  smal l  t u b e s  h a v i n g  
v e r y  l i t t l e  a i r  space  and  in c lay-sealed cap i l l a ry  tubes ,  also 
h a v i n g  v e r y  l i t t l e  a i r  space. Cil iates f rom TP-f lu id  mix-  
tu res  k e p t  24 to  48 h in t e s t  t ubes  w i t h  a large a i r  space 
(5 to  10 t imes  t h e  v o l u m e  of t he  mix tu re )  neve r  were  in a 
b ipo la r  s t a t e  w h e n  obse rved  in a f resh sl ide p r epa ra t i on .  
A t t e m p t s  to  cu l tu re  b ipo la r  an ima l s  or mons t e r s  fai led 
to yield e i the r  form. I n  single cell cu l tu re  (well sl ides s tor-  
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Fig. 1. Living T. pyri]ormis showing bipolarization induced by mouse 
ascites fluid, ciliates and fluid mixed 72 h earlier. Small bodies 
accumulate anteriorly, large ones, posteriorly. Phase microscopy, 
• 400. 

Fig. 2. T. pyrilormis after 48 h in 0.15% NaC1 solution. Fixed with 
0.1% glutaratdehyde. Polaroid photograph. • 450. 

ed in Pet r i  dishes) reversion to normal -appear ing  T P  
occurred. Bipolar  animals  t ransferred into b ro th  med ium 
on another  cover  glass, which was p rompt ly  sealed onto a 
slide, became normal  in appearance  wi th in  15 min.  The  
slide, f rom which these an imals  were taken,  had  been 
immedia te ly  resealed to its cover  glass. Most of the  ciliates 
on this slide again were normal  in appearance  wi th in  
15 min. Loss of the  bipolar  appearance  began wi th  t he  
mix ing  of the  large and small  bodies along the  per iphery  of 
the  cil iate about  6 rain after  t ransfer .  Bipolar iza t ion did 
no t  reappear  on any slide on which reversion had oc- 
curred, even af ter  24 h. 

Noth ing  has been learned th rough  phase microscopy 
about  the  na tu re  of the  small  and large bodies: The  rap id i ty  
of bipolarJzat ion on exposure to  air has presented the  
greates t  obstacle to fur ther  s tudy  of the  phenomenon.  
In t roduc t ion  of f ixat ives  under  the  cover  glass has gene- 
ra l ly  given unsat is fac tory  results, the  ciliates usual ly  
rounding up and failing to show bipolarizat ion.  The  control  
T P  in Figure  2 were pho tographed  wi th in  min  after  intro-  
ducing g lu tara ldehyde  under  the  cover  glass. Sta in ing 
wi th  Janus  Green 13 has no t  been successful when the  dye 
has been in t roduced  under  the  cover  glass or was present  
in the  cul ture  medium.  

Addi t ional  control  exper iments  in s u m m a r y  were : Slide 
prepara t ions  of bo th  3-day-old T P  and washed 3-day-old 
T P  mixed  wi th  the  b ro th  always showed normal-appear ing  
T P  even af ter  70 h. Bovine  serum a lbumin  di luted f rom 
30 % to about  7.5 % reduced mobi l i ty  and kil led most  of 
the  T P  by  24 h and all by  45 h, effects p resumably  due to 
t races of globulins in the  albumin.  At  0.75 % concentra-  
*ion most  of the  T P  appeared normal.  A few tended  toward  
bipolar izat ion at  24 h and 43 h bu t  defini te  bipolar izat ion 
was never  seen. Osmotic  effects of NaC1 solutions on these 
fresh, wa te r  animalsewere never  apparen t  in concentra t ions  
of 0 .5% and 0.15%, but,  wi th in  30 rain a t  0 .9% the  T P  
were s t r ikingly immobi l ized and the  contract i le  vacuole  
was often nonfunct ional ,  while a t  1.5 %, immobi l iza t ion,  
dea th  and dis integrat ion were marked.  4 h la ter  granula-  
t ion,  vacnol iza t ion  and dea th  were widespread a t  0.9 % 
and dea th  and dis integrat ion complete  at  1.5 %. 

The condit ions under  which bipolar izat ion occurred (flat 
s l ide-cover glass preparat ions,  tubes  wi th  l i t t le  air space, 
hanging-drop preparat ions)  and under  wich reversion has 
been observed (admit tance  of air, a t t emps t  to subculture) 
t en t a t i ve ly  suggest reduced O~ tension and/or  increased 
CO2 tension as requi rements  for bipolarizat ion.  

The externa l  effects of specific an t i -TP  serum (immo- 
bilization, agglut inat ion,  etc.) were paralleled by  the  fluids 
of non immunized  animals  in m y  experiments ,  Thus the  
l a t t e r  fluids behave  like the  specific ant ibody.  I t  is not  ye t  
clear if this ant ibody-l ike  substance is also responsible for 
the  in ternal  event ,  bipolarizat ion.  Apar t  f rom this point ,  
one migh t  infer t h a t  this ant ibody- l ike  substance mus t  
enter  the  animal  by  e i ther  ingestion, pinocytosis,  or by  
bo th  processes, if the  intracel lular  events  are to  occur. The  
p rovoca t ive  quest ion then  remains :  Does the  ant ibody-  
l ike substance resist  digestion (and loss of act ivi ty)  or does 
it  t r igger  events,  prior to its digestion, which give rise to 
bipolar izat ion and giant  cell format ion  ? 5 

Rdsurnd. Dans le Tetrahymena pyri/ormis, les s@rums 
des lapins et h u m a i n s  et  les ascites fluides des scurfs ont  
une apparence  bipolaire.  Les pe t i t  <~corps~> s ' accumulent  
ant6r ieurement ,  les grands ~corps~> post6rieurement .  On 
peu t  pr6sumer que la r6duct ion de la tension dn O 2 et /ou 
l ' augmen ta t ion  de la tension du CO2 sont  requis, puisque 
l '6 ta t  bipolaire ne s 'est  p rodu i t  que dans des condit ions 
l imit6es &exposi t ion k Fair. La  bipolar isat ion est rever-  
sible. Les an imaux  bipolaires qni  ont  @t6 expos@s bri@ve- 
men t  ~ Fair  ressemblent  anx an imaux  normaux.  
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