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the  junct ions  had aggregated,  and p resumab ly  d is tor ted  
the  ad jacen t  p la sma  membranes ,  to  form qui te  large 
deposi ts  (Figure 1); usual ly  t h e y  were  qu i te  smal l  and 
discrete  (Figures  1 and 2). In  the  hear t  t he  t race r  had  

passed th rough  the  connec t ive  t issues and in to  the  
lymphat ics .  No t racer  was found in unexpec ted ,  and  
possibly a r t e fac tua l  places, such as t he  cy top lasmic  
mat r ix ,  t he  nucleus,  etc.  

The  b ladder  showed a s imilar  local izat ion of t r ace r  
to  t h a t  of the  blood vessels, i.e. in cont inuous  lines down  
the  junc t ions  f rom the  lumen,  t h rough  the  zonulae 
occludentes,  to the  connec t ive  tissue, and in the  smal l  
vesicles. I t  had  also passed into  the  vascu la r  endothel ia l  
barriers,  bu t  any  in the  lumens  had been washed away.  
These findings for the  b ladder  should be regarded  wi th  
some caut ion,  because a 7% solution, as used in the  
Madder,  was toxic  to  the  hear t .  

These results  show t h a t  Fer rous  gluconate ,  w i t h  a 
mol.  wt .  of --~500, is a useful t racer .  I t  passes t h rough  
the  endothe l ia l  barriers,  and  t h a t  of the  ep i the l ium of 
t he  bladder ,  v i a  the  junc t ions  and the  vesicles.  Since, 
however ,  t he  vesicles only  offer  v e r y  slow t r anspor t  
re la t ive  to t he  junc t ions  x-8, 6, s, 12, we conclude t h a t  t he  
junc t iona l  p a t h w a y  is a lmos t  ce r ta in ly  t he  mos t  impor-  
t a n t  in the  present  instance.  (Obviously t he  vesicles 
which  open a t  the  lumen  wil l  p ick  up some tracer ,  jus t  
as t h e y  p ick  up some of all  the  molecules  in t he  plasma.)  
A priori ,  i t  would  seem t h a t  any  molecule  smal ler  t h a n  
2000-5000 mol. wt.  should pass  mos t ly  t h rough  the  
junct ions  6, which a lmos t  ce r ta in ly  represen t  the  pores  
of PAPPENHEIMER 15. The  zonulae  occludentes  usual ly  do 
no t  s top  f low comple te ly ,  b u t  supp ly  the  res t ra in t s  
necessary for molecu la r  s ieving I, ~, s, xo. 

Rdsumd. Le gtuconate  de fer a la propri$t6 de  suivre  
les mol6cules d ' u n  poids mol6culaire  de ,--500. I1 t ra -  
verse  avec  elles l 'endoth61ium des va i sseaux  sanguins e t  
l '6pith61ium de la vessie en passant  pa r  les jo in t s  ou, 
pour  une faible part ,  entre  les v6sicles. 
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Fig. 2. Heart capillary. Small particles of tracer can be seen in a 
zonula occludens in a junction (J) and on the membranes of small 
vesicles in the cells. Unstained. x 170,000. 
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A Method  for S t u d y i n g  the Ul tras truc ture  of  Intercel lu lar  Contacts  in Leukocyte  Cultures  

To s tudy  the  u l t r a s t ruc tu re  of t he  con tac t s  be tween  
cells grown in t issue cul ture  as well  as t he  a t t a c h m e n t  
of these cells to  the  subs t ra tum,  i t  is of ten  desirable  to  
t ix  and  embed  the  cells in si tu in order  to preserve  the  
spat ia l  re la t ionship  of these contacts .  P rev ious  invest iga-  
torsX, ~ have  a t t e m p t e d  to embed  in epoxy  resins cells 
cu l tured  d i rec t ly  on glass coverslips,  but,  in cont ras t  to 
results  wi th  the  less sa t i s fac tory  me thac ry l a t e  embedd ing  
material3-S, were unable  to  separa te  t he  coversl ips f rom 
the  epoxy-embedded  cells unless the  coversl ips had  been  
coated  pr ior  to  cul ture  w i t h  ex t raneous  mater ia ls .  W e  
h a v e  br ief ly  repor ted  g a m e t h o d  to  r e m o v e  blocks  of 
E p o n - e m b e d d e d  Ieukocytes  f rom uncoated  glass cover-  
slips, t he reby  m a k i n g  i t  unnecessary  to  compl ica te  s tand-  

a rd  cu l tu r ing  procedures  by  expos ing  the  cells to  such 
ex t raneous  coa t ing  substances.  FLAXMAN et  al. ~° also h a v e  
recent ly  repor ted  a me thod  by  means  of which  a th in  layer  
of Araldi te ,  ano ther  epoxy  resin, could be r emoved  f rom 
an uncoated  glass coversl ip  con ta in ing  fibroblasts.  In  this  
paper  we describe in de ta i l  our  t echn ique  and  its appl ica-  
t ion  to p rov ide  the  first  e lectron microscopic  s tudy  of the  
unal tered,  in tercel lu lar  con tac t s  be tween  macrophages  
and lymphocy te s  grown on glass coversl ips in human ,  
per iphera l  blood leukocy te  cul tures  s t imula ted  to undergo  
blastogenesis.  

Materials and methods. An ind iv idua l ' s  hepar inized,  
per ipheral ,  venous  blood was cent r i fuged  a t  300g for 
5 min.  The  resul t ing  leukocyte-r ich ,  supe rna t an t  p l a sma  
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Fig. 1. Cells sectioned perpendicular to the 
surface of a coverslip on which a 9 h PHA 
culture was grown, a) A small lymphocyte 
(SL) is in contact with the upper surface of a 
blastoid lymphocyte (BL) through several 
cytoplasmic projections. The homogeneous, 
electron-dense material under the blastoid cell 
is an epoxy glue (GL) used to mount the 
specimen for perpendicular sectioning. 
× 13,000. b) Another section of the blastoid 

lymphocyte which illustrates that the Epon, 
which had permeated between the ceils and 
the coverslip, may be separated cleanly from 
the removed coverslip as along A to B or 
removed with the coverslip as along B to C. 
The glue used to mount for sectioning per- 
meates to the cleavage planes. Arrows indi- 
cate cell projections which had probably been 
in contact with the glass coverslip. × 39,000. 
Stained with uranyl acetate and lead citrate. 

j-  
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Fig. 2. Specimens sectioned parallel to the 
surface of the coverslip, a) A small lym- 
phocyte (SL) in contact with microvillous 
projections of a monocyte (MON) in a 3 h 
PPD culture, b) and c) Blastoid lymphocytes 
(BL) in more extensive contact with macro- 
phages (MAC) in 24h cultures containing 
PPD and PHA, respectively. The macro- 
phage in Figure 2, b contains an ingested 
neutrophil (N). a) × 5,000; b) × 7,900; c) 
× 12,400. Stained as in Figure 1. 

was  d i lu ted  w i t h  4 p a r t s  of Med ium 199 (Difco Labora -  
tories) con ta in ing  penici l l in  and  s t r e p t o m y c i n  to  give a 
cu l ture  fluid con ta in ing  l0  s l eukocytes  per  ml. Al iquots  
of 0.4 ml  of th i s  cu l ture  fluid were  i ncuba t ed  a t  38 °C in 
s toppered ,  Le igh ton  cu l ture  t ubes  con ta in ing  9 × 9 m m ,  
No. 1 th ickness ,  borosi l icate  glass coversl ips  (Bellco Glass, 
Inc.)  c leaned  in a s i lver-ca ta lyzed,  persu l fa te  c leaning 
so lu t ion  11. E a c h  cu l tu re  con t a ined  1 ~tg of  P H A  (ba tch  
E-316A, Bur roughs  Wel lcome  and  Co.) 0.5 ~g of P P D  
(Parke,  Dav i s  a n d  Co.), or  no  b las togenic  fac tor .  

Cells on covers l ips  were  f ixed for e lec t ron  mic roscopy  
by  decan t ing  the  w a r m  cul ture  fluid and  replac ing  i t  w i th  
iced, 6% g lu t a r a ldehyde  in p H  7.4, 0.1 M p h o s p h a t e  buffer .  
Af te r  f ixa t ion  for i h a t  0-4  °C, t h e  covers l ips  were  washed  
ove rn igh t  in p H  7.4, 0.1 M phospha te - suc rose  buffer,  and  
d e h y d r a t e d  in g raded  alcohols.  The cells were e m b e d d e d  
b y  inve r t i ng  a lXIo. 3 ge la t in  capsule  con ta in ing  E p o n  812 ~ 
upon  each  coversl ip.  Af t e r  cur ing a t  60 °C for 48 h, t h e  
E p o n - e m b e d d e d  cells were  s epa ra t ed  f rom the  covers l ips  
by  di f ferent ia l  t h e r m a l  con t r ac t ion  and  expans ion  induced  
b y  repea ted  t rans fe r s  of t h e  E p o n  block f rom boil ing wa te r  

to  l iquid n i t rogen  in each of which  the  block was  held  for 
30 sec a f te r  each passage.  Selected areas for t h in  sec t ioning 
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were chosen under the light microscope and sectioned in 
an L K B  microtome either perpendicular to, or parallel to, 
the plane defined by the surface of the coverslip on which 
the cells had grown. 

Results and discussion. Perpendicularly sectioned speci- 
mens from a 9 h P H A  culture are shown in Figure 1. In  
these sections the unit membranes of the upper and lower 
surfaces of the cells can be viewed. Figure 1, a shows a 
small lymphocyte on the upper surface of another cell 
which serial sections identified as belonging to a blastoid 
lymphocyte.  The ultrastructure of the cells and their  
organelles has not been damaged by the extreme varia- 
tions in temperature to which such embedded blocks had 
been subjected. I t  is apparent  from the shape of the upper- 
most cell tha t  there was no significant flattening or distor- 
t ion during the preparative procedure. 

Figure 1, b shows another section of the lowermost cell 
of Figure 1, a. The arrows indicate points at which the 
cell's membrane had been in contact with the glass cover- 
slip. Along the straight surface between A and B the 
coverslip has been separated cleanly from the Epon. From 
B to C, however, the Epon which had permeated between 
the cell and the coverslip has been stripped away with 
the coverslip as a line of cleavage developed at the under- 
surface of the cell. The homogeneous, electron dense 
material  (GL) under the cell is the epoxy glue used to 
mount  the Epon block for sectioning. 

In  specimens cut in a plane parallel to the surface of 
the coverslip on which the cells were cultured, the mem- 
branes of the lateral surfaces of the cells can be viewed. 
As shown in Figure 2, a, microvilli of a monocyte are in 
contact  with a smal l lymphocyte  in a 3 h culture st imulated 
with PPD.  Figures 2, b and c illustrate the fact tha t  in 
later, 24 h cultures containing either PPD (Figure 2, b) 
or P H A  (Figure 2, c) the apposition of cell membranes 

has become more extensive between the macrophages 
and the lymphocytes undergoing blastogenesis. 

While contacts between lymphocytes and macrophages 
were more numerous in cultures stimulated with P H A  
than in those stimulated with PPD, the uttrastructure of 
the contacts appeared generally similar in both cases, 
consisting essentially of the apposition of unit membranes 
without  any accumulation of celt organelles at  these sites. 
Intercellular bridges such as those described connecting 
the cytoplasm of macrophages with that  of lymphocytes 
in lymph nodes in vivo x3 were not  found in any of our 
cultures. Such bridges, if they occurred, did so only 
fleetingly or extremely infrequently. 

Rdsumd. Des globules blancs humains ont  6t6 cultiv6s 
sur des lamelles de verre puis fix6es et inclus in situ pour 
l 'examen au microscope 61ectronique. Les lamelles furent 
enlev6es des cellules incluses dans l 'Epon par la m6thode 
de contraction et d 'expansion thermique induite par pas- 
sage r6p6t6 du bloc d 'Epon de l 'eau bouillante ~ l 'azote 
liquide. 
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M6thode de s~paration des d i v e r s e s  c l a s s e s  d ' A R N  par 61ectrophor~se sur gel de polyacrylamide 
en plaques 

La s~paration des diff~rentes classes d ' A R N  1 ~ partir  
d 'un extrai t  brut  est £ la base de l '6tude de cet acide 
nucl6ique e t a  fait l 'objet  de nombreux t ravaux de sorte 
que l 'on dispose actuellement de plusieurs techniques 
6prouv6es. Cependant, si les m6thodes de s6paration par 
centrifugation snr gradient de densit62-5 ou par chromato- 
graphie sur colonne de MAK e-s sont universellement uti- 
lis~es, celle d'~lectrophor~se prenant  comme support un 
gel de polyacrylamide semble beaucoup moins r6pan- 
due 9-n. Un tel support  devrai t  pourtant  permet t re  
l 'obtention rapide d 'un  ,prof i l ,  de la composition ell 
A R N  d 'une cellule. 

Lots de l '6tude de cellules v6g6tales, nous avons 6t6 
amen6s g met t re  au point, pour I 'ARN, nne m6thode 
d'61ectrophor~se sur gels de polyacrylamide-agarose d6ri- 
v6e de celle utilis6e par URIEL li pour la s6paration des 
prot6ines. (Des essais avec de I 'ARN extrai t  de foie de 
rat ont  donn6 des r6sultats analogues.) 

Des r6gions apicales de racines sont mises g incuber 
dans une solution de Hoagland contenant  des antibio- 
tiques 3 et du phosphore 32 ~ l 'activit6 sp6cifique d6sir6e; 
apr~s des temps d ' incubation variables, les tissus sont 
lav6s et broy6s dans le milieu suivant:  Tampon ac6tate 
de sodium: 0,05M, pH 5,0; NaCI: 0,1M; SLS: 1%; 
EDTA:  1 raM; bentonite:  0,5%. 

L ' A R N  est extrai t  par les m6thodes classiques de d6pro- 
t6inisation au ph6nol ~ froid, puis, apr~s plusieurs pr6- 
cipitations et lavages A l'alcool 70 °, I 'ARN est mis en 
solution dans des tampons diff6rents selon son utilisation 
ult6rieure; soit sur gradient de densit6, soit dans des gels 
de polyacrylamide. I1 est dos6 en UV ~ 260 nm et la 
radioactivit6 compt6e par effet Cerenkof 18 ~ l 'aide d 'un  
Pakard Tricarb. 

Pour les contr61es, nous avons utilis6 des gradients de 
sucrose 5 g 20% contenant du NaCI 0 ,1M et de la ben- 
tonite. 0,2 ml d ' A R N  (600-1000 ~g/ml) sont d6pos6s sur 
ces gradients et centrifug6s 5 h ~ 37000 × g dans une 
Spinco L, rotor SW 39; des fractions de 5 gouttes sont 
ensuite pr61ev6es automat iquement  dilu6es et dos6es 
260 nm et leur radioactivit6 compt6e. 

Les gels de polyacrylamide sont bien connus comme 
support d'61ectrophor~se pour leur s6paration extrSme- 
ment  fine, sup6rieure ~ tout  autre milieu. L 'adjonct ion 
d'agarose accroit selon URIEL 1. la maniabilit6 de ces 
gels sans nuire k leurs propri6t6s. 

La concentration en acrylamide est choisie en fonction 
de la masse mol6culaire de la cat6gorie d ' A R N  k 6tudier. 
Nous voyons sur la Figure 1 (6tablie d'apr~s diverses 
donn6es de la li t t6rature 1*) qu 'un gel contenant  2,5 
3% d'acrylamide laisse p6n~trer toutes les classes d ' A R N ;  


