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Fig. 4. Electron micrograph of myeloma cell demonstrating a 
variety of cell organelles including ergastoplasm, mitoehondria, 
Golgi complex and crystalline structures. Note electron lucidness of 
these organelles. No electron staining. • 10,000. 

Fig. 5. Myeloma cells reacted with peroxidase-conjugated anti-x 
antibody, showing the existence of electron-dense reaction precipi- 
tate on ergastoplasm, ergastoplasmie ribosomes and intraeisternal 
cavity. In comparison with Figure 4, it is noted that electron 
density of other cell organelles remains unchanged by peroxidase 
reaction. No electron staining. • 15,000. 

cytoplasmic crystalline structures which apparently 
originated from Golgi complex in the reaction with 
peroxidase label seems of importance. Whether  this un- 
responsiveness reflects the functional abnormality of 
Golgi complex following malignant transformation in neo- 
plastic plasma cells, or it merely represents a degeneration 
of proteins resulting in the loss of antigenicity of immuno- 
globulin molecules during the storage of produced 
immunoglobulin inside Golgi complex awaits further 
investigation ~9. 

Zusammen/assung. 3/[enschliche Myelomazellen wurden 
immunchemischelektronenoptisch untersucht. Durch die 
13ehandlung mit  peroxidasekonjugiertem Antik6rper 

gegen die Immunoglobuline H- oder L-Kette  wurde 
keine H-Ket te  beobachtet. 
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Ultrastructural Localization of Heavy- and Light-Polypeptide Chains in Human Long-Term Culture 
Cells Detected by Peroxidase-Conjugated Antibodies 

A long-term culture line, R.P.M.I. No. 4666 was ori- 
ginally established from peripheral blood of a patient  with 
chronic myelogeneous leukemia and since has been 
propagated in suspension culture ~. Extensive studies re- 
vealed that  this culture consisted of very uniform cell 
types and was producing monoclonal immunoglobulin A 
(IgA) of x-type along with free n-type light chain simul- 
taneously in the same cells 2. 

In an a t tempt  to reveal electron microscopic localiza- 
tion of component polypeptide chains of human immuno- 
globulin in the cytoplasm of the culture cells of human 
hematopoietic origin, we employed in the present s tudy 
peroxidase-conjugated antibodies directed to human 
immunoglobulin component chain. By reacting fixed 
cells with peroxidase-conjugated antibody and revealing 
peroxidase act ivi ty cytochemically, ultrastructural locali- 
zation of immunoglobulin was readily demonstrated as 
distinct electron-dense reaction product. 

Antibodies monospecific either for a-heavy chain or for 
x-light chain were purified specifically by use of immuno- 
adsorbents as described previously 8,4, and purified anti- 
body was coupled to horseradish peroxidase using p,p'- 
difluoro-m,m'-dinitrodiphenyl sulfone as a coupling 
reagent as described by ~qAKANE and 1DI]~RC2E 5. The anti- 
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body reactivity and enzyme activity in peroxidase- 
antibody complex was tested by immunoelectrophoresis. 
Both peroxidase-conjugated anti-e and anti-n produced 
a single precipitin line against normal human sera or 
purified IgA or Bence Jones protein of n-type. Enzyme 
activity was revealed cytochemically exactly on the pre- 
cipitin line. 

Procedures for reacting cell specimens with peroxidase- 
conjugated antibody reagents and for subsequent electron 
microscopic observation closely followed the method of 
those authors 5. 

When cell sediment fixed with 10~ formalin in phos- 
phate buffer (pH 7.2) was treated either with peroxidase- 
conjugated anti-c~ or anti-~ antibody, intracellular 
immunoglobulin was revealed as conspicuous electron- 
dense regions resulting from cytochemical reaction of 

EXPERIENTIA 25/12 

Fig. 3. A part of R.P.M.I. No. 4666 cell treated with anti-co antibody, 
showing positive reaction of many but not all cytoplasmic ribosomes 
in small cluster forms. Note that electron-dense reaction precipitates 
are observed exactly on ribosome element comprising polyribosomal 
aggregate. No electron staining, x 20,000. 

Fig. 1. Electron micrograph of a R.P.M.I. No. 4666 cell treated with 
peroxidase-conjugated anti-N. The free polysolnes increased in 
electron density. Lead citrate and uranyl acetate. • 8000. 

peroxidase~,L Since fixed cell sediment can be well- 
dispersed and therefore contact between individual cells 
and peroxidase-conjugated antibody was assured, there 
seemed to be no difficulty in penetration of antibody into 
cytoplasm. Such difficulty in diffusion was reported when 
cell block was stained with similar antibody-enzyme 
complex. 

Approximately 30% of cell was positive with the en- 
zyme label of either anti-~ or anti-~ antibody. In  contrast 
to the report of LEDUC et al. 8, immunoglobulin or its sub- 
unit  was localized to certain limited regions of cytoplasm 
even in lymphoblastoid cell in the present experiment 
(Figure 1). 

All the controls, either ceils treated with peroxidase 
label or other antibody specificity, or ceils treated with 
peroxidase label but  not placed in the enzyme substrate, 
or cells treated with substrate alone, or cells reacted with 
peroxidase-conjugated normal globulin were negative. 

Of particular interest was the substantial difference in 
subcellular distribution pat tern of s-heavy chain and x- 
light chain as revealed by this method. When cells were 
treated with peroxidase-conjugated anti-e antibody, free 
polysomes in the cytoplasm were selectively stained 
indicating that  they are the dominant  site of ~-chain 
accumulation. Ribosomes lining the ergastoplasmic mem- 
brane were weakly stained but  intracisternal cavity of 
ergastoplasm was in large part negative for the reaction 
of s-chain (Figure 3). 

On the other hand, x-type light chain was not detected 
on free polysomes in the small cluster forms. Instead, the 
n-chain was localized mainly to ergastoplasm, its mem- 
brane and ribosomes lining the ergastoplasmic membrane. 
In  contrast to s-heavy chain, ~-light chain was detected 
also in intracisternal cavity of positive ergastoplasmic 
lamellae. The external layer of nuclear membrane was 

Fig. 2. Positive reaction in ergastoplasm, ergastoplasmic ribosomes 
and nuclear membrane is demonstrated in R.P.M.I. No. 4666 cell 
treated with peroxidase-conjugated anti-n antibody. No electron 
staining, x 10,000. 
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ano ther  dominan t  site of ~-chain accumuIa t ion  except  for 
nuclear  pores (Figure 2). 

Ribosomes  in di rect  re la t ion wi th  nuclear  m e m b r a n e  
were often s ta ined wi th  the  same enzyme label. Sparse and 
poor ly  developed Golgi complex  was a lways unresponsive 
e i ther  to peroxidase-conj  ugated  anti-~ or an t i -x  an t ibody.  

SCttAPIRO et  al. 9 repor ted  t h a t  polysomes are the  ac t ive  
uni t  of g a m m a  globulin synthesis  in 2 t ransp lan tab le  
mur ine  p lasma cell tumors ,  and h e a v y  and l i g h t  poly-  
pept ide  chain molecules are formed separa te ly  on poly-  
somes of different  size, i.e., on 270s and 190s polysomes, 
respect ively.  WILLIAMSON and ASCONAS~~ obta ined  
similar  observat ions  in the i r  14C-amino acid incorporat ion 
exper iment  using ascit ic routine p lasma cell tumors .  

We  could no t  de te rmine  so far  whe ther  observed 
different ial  local izat ion of h e a v y  and l ight  po lypept ide  
chain, in our  cul ture  line revealed  by  electron microscopy, 
is the  morphologica l  coun te rpa r t  of b iochemical  results by  
those authors ,  or  whe ther  this  phenomenon  is an inheren t  
p roper ty  of cul ture  cells. 

Zusammen/assung. In  langfris t iger  Ku l tu r  wurde  mi t  
perox idasekonjug ie r tem Ant ik6rper  (monospezifisch ge- 
gen H-  und L-Ket te )  die submikroskopische Lokal isa t ion  

der Immunog lobu l in  H-  und L - K e t t e  in den menschl ichen 
Lymphoblas to idze l len  an das endoplasmat ische  Re t iku-  
lure gebundene  beziehungsweise freie Po lysoma  ge- 
funden.  
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Separation of Germ Layers in Presomite Rat Embryos 

The method  of excision of p re sumpt ive  ectodermal ,  
endodermal  and mesodermal  areas f rom ear ly  amph ib ian  
embryos  and the  subsequent  cu l t iva t ion  of isolated pieces 
under  var ious exper imenta l  condi t ions  has cont r ibu ted  a 
great  deal  to the  unders tand ing  of some fundamen ta l  
phenomena  occurr ing in early deve lopment  1,~. I n  av ian  
and m a m m a l i a n  enlbryos any  a t t e m p t  to isolate par t icu lar  
prospect ive  organ- forming  areas mus t  include the  
separat ion of germ layers f rom one another .  By  reason of 
the  in t r ica te  mechan i sm of the  fo rmat ion  of germ layers, 
some re levant  exper iments  on a v i a n  3-6 and m a m -  
mal ian  6,7 embryonic  shields cannot  be considered as t rue  
separa t ion  of def ini te  germ layers. I t  was the  purpose of 
the  present  inves t iga t ion  to app ly  the  c o m m o n  me thod  of 
enzymat ic  ' sp l i t t i ng  off '  of epi thel ia  to the  separat ion of 
germ layers in presomite  ra t  embryos.  

P regnan t  females of r andomly  bred albino rats were 
killed by  ether  9 days after  ma t ing  and the  embryos  were 
isolated in sterile Tyrode ' s  solution. The  ma jo r i ty  of t hem 
belonged to stages 14 and 15 in the  normal  series of 
NICHOLAS s. The  mesodermal  wings  approached  each o ther  
undernea th  the  neural  groove, opposi te  to the  p r imi t ive  
streak. The  ex t raembryon ic  par t  was cut  off and the  cup- 
shaped egg cyl inder  was t ransformed into a f lat  b i - lobated 
shield by  a longi tudinal  cut  (Figure). Prepared  in this 
manner  the  shields were submi t t ed  to the  act ion of 
enzymes.  A solut ion conta in ing 0.5% t ryps in  (cryst., 
lyophyl. ,  Wor th ing ton)  and 2.5% pancrea t in  (Difco) in 
the  calcium- and magnesimn-free  Tyrode ' s  saline was 
used. The  embryonic  shields were kept  in i t  for 30 rain a t  
4~ (in the  refrigeratorg).  The act ion of enzymes  was 
blocked by  a mix tu re  of Tyrode ' s  saline and horse serum 
which was s u b s t i t u t e d  by  the  pure  saline af ter  15-  
20 rain. Af te r  this  t r e a t m e n t  the  ec toderm detached spon- 
taneous ly  f rom the  under ly ing  mesoderm except  for the  
region of the  p r imi t ive  s t reak where a complete  separat ion 
had to be achieved by  tungs ten  needles. The  v e r y  th in  
embryonic  endoderm did no t  de tach  spontaneously,  bu t  

i t  could be easily rolled up f rom the  mesoderm. In  this 
w a y  the  embryonic  shield was d iv ided  into 4 par t s :  t he  
ec todermal  and endodermal  layer, and 2 mesodermal  
wings. The  histological  control  showed t h a t  a comple te  
separa t ion  of germ layers had  t aken  place. 

In  order  to tes t  the  v iab i l i ty  and deve lopmenta l  capa- 
cities of embryonic  cells af ter  the  t r e a t m e n t  wi th  enzymes,  
single germ layers or 2 of t h e m  in different  combina t ions  
were implan ted  by  a braking p ipe t te  under  the  k idney  
capsule of adul t  male  rats.  Af te r  15 days the  hosts  were 
killed, the  grafts  were r emoved  and submi t t ed  to the  
rout ine  histological  procedure.  I n  all, 96 grafts  were made  

Cross-section of a stretched 9-day-old rat embryonic shield. • 100. 
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