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e r y t h r o c y t e  life span  were ob ta ined ,  in  good a g r e e m e n t  
w i t h  p u b l i s h e d  d a t a  5, a. 

I t  is i m p o r t a n t  to  no te  t h a t  t he  assay  a n i m a l s  were in  a 
haema to log ica l ly  s t ab le  s t a t e  be t w een  week  10 a n d  18 as 
e v i d e n t  f rom c o n s t a n t  E V ' s  : 1 . 0 2 : 6  0.11 (SD), 0.98 • 0.10, 
1.00 :h 0.15, 0.96 :i: 0.13, a n d  0.98 • 0.09 ml  a t  t he  age of 
10, 12, 14, 16 and  18 weeks respec t ive ly .  

D u r i n g  30 days  of c o n t i n u e d  m a r r o w  suppress ion,  t he  
m e a n  e r y t h r o c y t e  age b a c a m e  more  un i f o r m  a n d  sh i f t ed  
f rom 23 to  38 days.  A t  t he  same t i m e  t he  MCV dropped  
f rom 58.8 ~m a b y  15%, a n d  t h e  m e a n  corpuscu la r  h a e m o -  
g lobin  f rom 19.5 ~g b y  12~ whi le  t h e  m e a n  corpuscu la r  
h a e m o g l o b i n  c o n c e n t r a t i o n  increased  b y  5% f rom a n  
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in i t i a l  va lue  of 33.4 g/100 ml.  Loss of cell m a t e r i a l  p e r m i t s  
us  to  reconci le  our  f ind ing  of a c o n s t a n t  red  cell life span  
w i t h  t h e  seeming ly  r a n d o m  des t ruc t i on  suggested  b y  
single age p o p u l a t i o n  l abe l ing  t echn iques .  Red  cell 
f r a g m e n t a t i o n  r ep resen t s  a we l l -known  p h e n o m e n o n  in 
s t a t e s  of acce le ra ted  haemoysis~,  s. I t  m i g h t  also be  a 
m e c h a n i s m  ope ra t i ng  u n d e r  phys io log ica l  c i rcumstances ,  
poss ib ly  c o n t r i b u t i n g  to  f ina l  r e m o v a l  of aged a n d  r igid 
cells f rom ci rcula t ion .  

Zusammen/assung. In Act inomyc in -} )ehande l t en  M~iu- 
sen n a h m  die Zah l  de r  z i rku l i e renden  E r y t h r o z y t e n  
l inear  ab. Zellul&rer H~imoglobinver lus t  e r k l a r t  die 
s che inba r  a l t e r sunabh&ngige  K o m p o n e n t e  der  E r y t h r o -  
z y t e n d e s t r u k t i o n  welche  I s o t o p e n s t u d i e n  v e r m u t e n  lassen. 
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Pyrrolidone Carboxylic Acid (Pyroglutamic Acid) in Normal Plasma 

Pyr ro l idone  ca rboxyl ic  acid (PCA) is a m a j o r  soluble  
n i t rogen  c o m p o u n d  of m a m m a l i a n  ep idermis  ~,2. The  
presence  of free PCA in t i ssues  a n d  b o d y  fluids, o t h e r  t h a n  
ur ine  s, has  on ly  v e r y  r ecen t ly  been  r epo r t ed  4,5. Th i s  
' n i n h y d r i n  n e g a t i v e '  l a c t a m  of g lu t amic  acid is no t  
r e t a ined  on  nega t i ve ly - cha rged  ion exchange  res ins  and  
t h u s  is no t  de t ec t ed  b y  t h e  usua l  m e t h o d s  of amino  acid 
analysis .  PCA is q u a n t i t a t i v e l y  h y d r o l y z e d  to  g lu t amic  
acid b y  h e a t i n g  in 1 M ttC1. ST~IIq and  MOORE 6 r epo r t ed  
a n  8-fold increase  in g lu t amic  acid c o n c e n t r a t i o n  fol lowing 
acid hydro lys i s  of pro te in- f ree  p l a s m a  f rom n o r m a l  males,  
b u t  t h e y  a t t r i b u t e d  th i s  to  d e a m i n a t i o n  of g lu tamine .  
Us ing  gas c h r o m a t o g r a p h y  J~LI.UM et  al. ~ r epo r t ed  f ind ing  
45 ~mole PCA/100 ml  s e rum f rom a p a t i e n t  w i th  pyro -  
g lu t amic  acidur ia ,  b u t  t h e y  s t a t e d  t h a t  th i s  c o m p o u n d  
is n o t  p r e s e n t  in  n o r m a l  sera. W e  here  r e p o r t  t h e  f ind ing  
of PCA in n o r m a l  h u m a n  a n d  guinea-p ig  p lasma.  

F i f t y  m l  po r t i ons  of pooled  gu inea-p ig  or n o r m a l  ma le  
h u m a n  p l a s m a  were deprote in ized .  U l t r a f i l t r a t i o n  was 
found  to be  m o s t  c o n v e n i e n t  m e t h o d  of dep r o t e i n i za t i on  
since no  p r e c i p i t a n t  need  be  a d d e d  to  t h e  p lasma.  
Perch lor ic  acid p r ec ip i t a t i on  was a sa t i s fac to ry  m e t h o d  of 
dep ro t e in i za t i on  since t h e  m a j o r  po r t i on  of t he  pe r ch l o r a t e  
can  be  r e m o v e d  before  s u b s e q u e n t  p rocedures  b y  t r e a t -  
m e n t  w i t h  K O t t .  Tr ich loroace t ic  acid p r ec ip i t a t i on  was 

Total free pyrrolidone carboxylic acid (PCA) and amino acids of 
human and guinea-pig plasma 

Amino acids PCA 
(Fmole/100 ml plasma) (Fmole/100 ml plasma) 

Human 282.2 ~ -t- 25.8 21.6 ~ ~ 4.4 

Guinea-pig 223.6 b :t= 41.8 32.6 b :~ 11.1 

Mean ~: S.E. for duplicate determinations on samples from 1 normal 
33-year-old male and 1 normal 44-year-old male. b Mean :h S.E. for 
6 samples of pooled guinea-pig plasma. 

unsa t i s f ac to ry  because  of the di f f icu l ty  in  e x t r a c t i n g  t h e  
p r e c i p i t a n t  w i t h o u t  serious loss of PCA. The  pro te in- f ree  
p l a s m a  so lu t ions  were  c o n c e n t r a t e d  5-fold b y  freeze- 
drying.  Al iquo t s  of these  c o n c e n t r a t e d  p l a s m a  ex t r ac t s  
were ana lyzed  for  t o t a l  free a m i n o  acids~ (Table).  The  
r e m a i n d e r  of these  so lu t ions  were appl ied  to  2.5 • 32 cm 
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Chromatography of PCA and glutamic acid. An ascending chromato- 
gram was developed for 16 h with 1-butanol:water:acetic acid 
(40 : 25 : 15). After air drying, the portion containing PCA was sprayed 
with chlorine-starch-iodine and the other portion with ninhydrin. 



15.3. 1973 SpeciaIia 347 

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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