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LAnge des DNS-Molekt i ls  noch nicht  bean twor t e t  werden  
kann.  Aus diesen Beobachtungen ,  zusammen  mi t  frt iheren 
und anderen  noch nicht  mi tgete i l ten ,  e rg ib t  sich, dass die 
Osmiumf ix ie rung  noch nicht  das DNS-Kol lo id  oder  das  
D N S - P l a s m a  ~fixiert~ im Sinne einer Verfest igung,  son- 
dern gewissermassen die Weiche stellt ftir die Vorg~inge, die 
sparer  bei der  EntwAsserung s ta t t f inden.  Es  wurde  yon  
KELLENBERGER 16 die Forderung  aufgestel l t ,  dass das  
DN S-Kotloid so vorzubehande ln  sei, dass bei der  Dehydra -  
t is ierung Verne tzungen  ents tehen.  Dadurch  geliert  das 
Kolloid zuerst,  was zur Folge hat ,  dass die nachfolgende 
Koagula t ion ,  beziehungsweise das Aneinander lagern  der  
Fadenmolekf i le  auf  ein Min imum beschrAnkt werden  
kann.  

Zus~itzliche Einze lhe i ten  dieser Arbe i ten  und nach-  
folgende Diskussionen der  Resu l ta te  werden an anderer  
Stelle mi tge te i l t  werden 1~. 

Summary .  The  behav iour  of pure  isolated D N A  towards  
the  condi t ions  of f ixat ion and dehyd ra t i on - -p r io r  to  u l t ra-  
th in  sec t ioning--has  been s tudied and compared  wi th  

the  behav iour  of the  DNA-p la sm of the  bacter ia l  nucleus. 
I t  is found t h a t  those condi t ions  which produce coarse 
coagula t ion  of the  free D N A  also produce electron opaque  
bodies of var iab le  aspect  inside the  bacter ia l  nucleus. The  
coagula t ion  figures ob ta ined  in bo th  s i tuat ions  are ve ry  
similar.  This  is a fur ther  direct  evidence in favour  of the  
v iew t h a t  the  bacter ia l  nucleus is an assembly of fine 
DNA-con ta in ing  fibrilla in a h ighly  hydra t ed  plasma.  

~V. SCHREIL 

Laboratoire de Biophysique, Universitd de Gen~ve (Suisse), 
8. J u n i  1961. 

16 E. KELLENBERGER, in Advances in Virus Research (Academic 
Press Inc., London 1961), im Druck. 

iv Vorliegende Arbeit wurde mit der Unterstfitzung des Schweize- 
rischen Nationalfonds durehgefiihrt. HANNA RUHE und SOPHIA 
ANNEN sei ffir wertvolle Mitarbeit gedankt. E. KELLENBERGER 
danke ich ffir Einftihrung in Arbeitsgebiet und Problemstellung 
sowie wertvolle Diskussionen. 

'Pitfalls' in Immune  Electron Microscopy 

I m m u n e  e lec t ron microscopy t is an  extens ion  of 
immunof tuorescence  2 a t  the  subcel lular  level. No t  only  
h a v e  m a n y  of the  problems of immunof luorescence  been 
inheri ted,  bu t  i t  has become apparen t  t h a t  o ther  problems 
exist .  Some of the  problems encountered  are presented.  
I t  is hoped t h a t  o the r  problems can be predic ted  ear ly  in 
the  d e v e l o p m e n t  of the  technique ,  to p rov ide  a more  
order ly  and  realist ic approach  than  was encounte red  in 
immunof luorescence .  

Methods and Results. Fixat ion .  Unf ixed  and 10% 
formal in-f ixed chor ioal lantoic  m e m b r a n e  and normal  
mouse  liver,  k idney,  hear t ,  and spleen were t r ea ted  wi th  
an i m m u n e  Staphylococcus aureus ferr i t in con juga te  1 for 
1 h ;  t he  t r ea ted  mate r ia l  was then  thorough ly  washed and 
the  unf ixed mater ia l  f ixed in 10% formalin.  The specimens 
were embedded  in paraff in  and 4~-sections s ta ined wi th  
Gomor i ' s  iron s ta in  a. As demons t r a t ed  by  the  iron stain,  
the  tissues f ixed pr ior  to t r e a t m e n t  wi th  the  i m m u n e  con- 
juga te  exhib i ted  a marked  d iminu t ion  of ferr i t in as com- 
pared wi th  the  tissues fixed subsequent  to t r e a t m e n t  wi th  
the  con] agate.  

T r e a t m e n t  on Copper  Grids. Bacter ia l ,  viral ,  and 
myco t i c  agents  were f ixed in 10% formal in  and drops  
placed on fo rmvar  and carbon covered grids 4. The grids 
were air-dried,  specific i m m u n e  con juga te  applied,  t hen  
washed several  t imes  in deionized water .  E lec t ron  micro-  
scopy revealed  t h a t  even  the  mos t  t ho rough  washing 
failed to  r emove  all  of the  ferr i t in con juga te  no t  bound  by  
the  i m m u n e  react ion.  

Non-specif ic  React ions .  Horse  spleen ferr i t in ~ was di- 
lu ted  wi th  phospha te  buffered saline, p H  7.2, to con ta in  
10 mg/mI  of pro te in  and con juga ted  wi th  fluorescein iso- 
t h iocyana t e  8. 0.5 ml of the  ferr i t in fluorescein con juga te  
was in jec ted  in t raper i tonea l ly  into ma tu re  mice. Sections 
of liver, embedded  in paraffin,  revealed t h a t  the  ferr i t in-  
f luorescein con juga te  was phagocy t ized  by  the  Kupffer  
ceils non-specif ical ly (i.e. in regard  to  i m m u n e  reactions).  
Observa t ions  were m a d e  using an u l t rav io le t  l ight  source 
and filters p rev ious ly  out l ined 6. 

Discussion. The proper  use of f ixa t ives  is of great  im- 
por tance  in the  de tec t ion  of an t igens  by  i m m u n e  electron 
microscopy.  Pene t r a t i on  of an t i body  in to  cel lular  mater ia l  
is dependen t  upon adequa t e  f ixat ion,  Correla t ion can be 

made  wi th  immunof luorescence ;  specific f luorescence is 
general ly  observed in the  per iphery  of unfixed cells, while 
in fixed prepara t ions  the  immune  react ion can be observed  
in the  per iphery  of the  nuclear  membrane .  These ob-  
serva t ions  are consis tent  wi th  those  of HIRAMOTO et  al. 7. 

F ixa t ion  pr ior  to t r e a t m e n t  wi th  the  ferri t in con juga te  
p reven ts  pinocytosis ,  resul t ing in a marked  d iminu t ion  of 
the  unreac ted  con juga te  as compared  wi th  mater ia l  f ixed 
af ter  t r e a t m e n t  wi th  the  conjugate .  Formal in  genera l ly  
fulfills the  cr i ter ia  as an  excel lent  f ixa t ive  for this  tech- 
nique.  I t  does no t  t end  to a l ter  the  ant igenic  components ,  
is germicidal  for mos t  pathogens ,  and preserves  the  
cel lular  archi tec ture .  F ixa t ives  general ly  used in e lectron 
microscopy are po t en t  oxidants ,  and thorough screening 
should be made  to de te rmine  thei r  effect  on the  ant igenic  
sys tem to be used. This  does no t  preclude the  use of these 
ox idants  to enhance  the  a rch i tec ture  if appl ied subsequent  
to the  immune  react ion.  

In  the  de tec t ion  of sites of toxin  a c t i v i t y  and in rive 
exper iments ,  the use of adequa t e  controls  canno t  be too  
grea t ly  stressed. Fer r i t in  can be observed under  the  
electron microscope in normal  cellular mater ia l  (HAMP- 
TON 8, KUFF a n d  DALTON 9, and BESSIS and BRETON- 
GORIUS t°) as well as ferr i t in con juga te  which has been 
non-specif ical ly phagocy t ized  by  the  re t icu le-endothe l ia l  
system. Therefore,  in corre la t ion wi th  n o n i m m u n e  con- 
juga te  controls,  h is tochemical  methods ,  f iuorescein- 
labeled ferr i t in and e lec t ron microscopy should be utilized. 
These  will no t  only  p rov ide  a cont ro l  of t he  i m m u n e  
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reac t ion ,  b u t  as  well  d e t e c t  a n y  fe r r i t in  t h a t  is p r e s e n t  due  
to  p inocy tos i s  or  non-spec i f ic  phagocy tos i s .  

The  e l ec t ros t a t i c  ac t ion  of coppe r  gr ids  genera l ly  t e n d s  
to  a t t r a c t  f e r r i t in  molecules  non-spec i f ica l ly ;  the re fo re  i t  
is no t  des i rab le  to  use t he  d i rec t  app l i c a t i on  of t he  
i m m u n e  fe r r i t in  c o n j u g a t e  on  t he  grid as u n r e a c t e d  
fe r r i t in  is p r e s e n t  in t he  b a c k g r o u n d .  A l t h o u g h  some degree  
of spec i f ic i ty  can  be  d e t e r m i n e d ,  in  c r i t i ca l  e v a l u a t i o n s  
t he  u n r e a c t e d  fe r r i t in  c a n  give r ise to  e r roneous  in te r -  
p r e t a t i o n s  of a n t i g e n - a n t i b o d y  r eac t ions  a t  t he  subce l lu l a r  
level.  F r a g m e n t s  of a n t i g e n s  s e p a r a t e d  f rom e n c a p s u l a t e d  
o r g a n i s m s  can  also p r e s e n t  these  resul ts .  There fo re  d i r ec t  
a p p l i c a t i o n  of t he  c o n j u g a t e  on copper  gr ids  shou ld  
genera l ly  be used for  sc reen ing  procedures ,  whi le  for 
c r i t ica l  e v a l u a t i o n s  t h o r o u g h  wash ing  a n d  e m b e d d i n g  
shou ld  be  used. 

I m m u n e  e lec t ron  mic roscopy  p re sen t s  a m e t h o d  of 
d e t e c t i n g  a n t i g e n s  a t  t h e  submic roscop ic  level  as  well  as 
p r o v i d i n g  a m e t h o d  for  t he  s t u d y  of p a t h o g e n e s i s  a t  t he  
subce l lu l a r  level.  W h e n  used w i th  cau t ion ,  a d e q u a t e  
cont ro ls ,  a n d  a rea l i za t ion  of t he  p r o b l e m s  of i m m u n o l o g y  
a n d  t e c h n i q u e  invo lved ,  i t  will no  d o u b t  p rov ide  in- 
f o r m a t i o n  wh ich  ha s  been  he re to fo re  on ly  con jec tu re .  As 
new a n d  more  sens i t ive  i m m u n o l o g i c  t e c h n i q u e s  are  
evolved ,  a d v a n c e m e n t s  m u s t  be m a d e  to  b a l a n c e  sensi-  

t i v i t y  a g a i n s t  specif ic i ty .  An equa l  e f fo r t  shou ld  be  m a d e  
to p ro v i d e  i m m u n e  sera  w i t h  h ighe r  degrees  of specif ic i ty ,  
t a k i n g  in to  c o n s i d e r a t i o n  t h e  i m m u n e  response  des i red  
an d  the  s e n s i t i v i t y  of the  i m m u n e  t e c h n i q u e  invo lved .  
The  'p i t fa l l s '  p r e sen t ed  shou ld  no t  d i scourage  the  use of 
fe r r i t in  c o n j u g a t e s  in t h e  de t ec t i on  of i m m u n e  reac t ions ,  
b u t  on ly  p o i n t  o u t  some p r o b l e m s  involved .  As ad-  
v a n c e m e n t s  a re  m a d e  in e l ec t ron  mic roscopy  a n d  im- 
muno logy ,  t h e r e  is no  d o u b t  t h a t  a more  e f fec t ive  m e t h o d  
of c o n j u g a t i o n  will b e c o m e  ava i l ab l e  w h i c h  will p ro v i d e  
a more  cr i t ica l  e v a l u a t i o n  of t h e  d e t e c t i o n  of a n t i g e n -  
a n t i b o d y  reac t ions  a t  t h e  subce l lu la r  level.  

Zusarnmen/assung. Es werden  die Feh le rque l l en  d isku-  
t ie r t ,  die bei der  U n t e r s u c h u n g  v o n  A n t i g e n e n  a u f t r e t e n ,  
w e n n  zu de ren  e l e k t r o n e n m i k r o s k o p i s c h e r  D a r s t e l l u n g  
A n t i k 6 rp e r ,  m a r k i e r t  m i t  Fe r r i t i n ,  v e r w e n d e t  werden .  
D u r c h  gee ignete  W a h l  d e r  F i x i e r u n g  k 6 n n e n  einige d ieser  
Schwie r igke i t en  bese i t ig t  werden .  

C H .  W .  S M I T H  a n d  J .  F .  M E T Z G E R  

Bacteriology, Immunology and ln/ectious Disease Branch, 
Armed Forces Institute o/ Pathology, Washington (D.C.), 
March 21, 1961. 

Cytodifferentiation Induced by 
Ribonucleoproteins 

In  p r ev ious  research  ~, we were able  to  d e m o n s t r a t e  t h a t  
r i b o n u c l e o p r o t e i n s  (RNP) ,  e x t r a c t e d  f rom d i f fe ren t  
ch i cken  o rgans  fol lowing N I u ' s  ~ m e t h o d ,  i nduce  changes  
in t he  d e v e l o p m e n t  of the  ch ick  e m b r y o  r u d i m e n t s  or  of 
t he  t i ssue  cu l tures .  Recen t ly ,  we succeeded in i m p r o v i n g  
these  resul ts .  Ou r  new f ind ings  will be  p r e sen t ed  in th i s  
p a p e r  ~. 

R N P  were e x t r a c t e d  f rom h e a r t  (RNPH) a n d  l iver  
(RNPL) of a d u l t  ch i cken  (of ten wh i t e  L e g h o r n  cock). The  
so lu t ion  in Gey  l iquid  of these  R N P  was  p r e p a r e d  a t  a 
c o n c e n t r a t i o n  c o r r e s p o n d i n g  to  a n  a b s o r p t i o n  of 5.0 a t  
260 mix in t he  B e c k m a n  s p e c t r o p h o t o m e t e r  (1 cm cell) 
(i.e. d i l u t i ng  1 : 10, the  a b s o r p t i o n  was 0.5). Th i s  was  t h e  
c o n c e n t r a t i o n  used. I n s t ead ,  on ly  Gey fluid (Ho l t f r e t e r  

fluid w h e n  t h e  R N P  was f rom frog, see below) was used in 
t h e  controls ,  S h a k e n  egg a l b u m e n  was c o a g u l a t e d  in h o t  
water ,  a n d  a piece 4 x 2 x 1 m m  in size was t h e n  dr ied  on  
f i l ter  p a p e r  u n d e r  s ter i le  condi t ions ,  i m b i b e d  w i t h  t h e  Gey  
fluid or  wi th  t h e  R N P  solut ion.  T h e  i m b i b e d  pieces of co- 
agu l a t ed  a l b u m e n  were g ra f t ed  in to  t h e  cho r ioa l l an to i s  of 
a ch ick  e m b r y o  of 8 d a y s  old. T h e  shel l  was closed aga in  
w i th  a covers l ip  a n d  was opened  a f t e r  5 days .  T h e  chor io-  
a l l an to i s  w i th  t h e  g ra f t ed  a l b u m e n  was t h e n  fixed in 
Bou in  fluid, i m b e d d e d  in to  pa ra f f i n  a n d  f ina l ly  sec t ioned.  
The  e x p e r i m e n t a l  p rocedu re  is s u m m a r i z e d  in F igure  1. 
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Fig. 1, Experimental procedure. Fig.2. Muscular elements induced by heart ribonucleoprotein ( × 790). 


