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Vesicles Carrying Nuclear Material in Mature Cyprinus carpio Erythrocytes 

The u l t r a s t ruc tu ra l  cons t i tuen t s  of m a t u r e  Cypr inus  
carpio e ry th rocy t e s  are similar  to those  found in chick ~, 2, 
some bo throp ic  species3, a m p h i b i a n  ~, 4-7 and  toadf ish4 
e ry th rocy tes .  One of the  purposes  of inves t iga t ions  a t  our 
L a b o r a t o r y  is the  as ye t  u n k n o w n  role of vesicles fre- 
quen t l y  found in var iable  n u m b e r  in the  ma tu r e  e ry th ro-  
cytes  of each of all ve r t eb ra t e s  f rom chicks to fishes. The 
aim of th is  com mun ica t i on  is the  descr ip t ion  of such 
vesicles and  the i r  mi tochondr ia l  origin in carp  e ry th rocy-  
tes. 

Mater ia l  and methods. Blood samples  were ob ta ined  by  
card iac  punc tu r e  f rom adul t  carps, free of henmparas i tes ,  

w i th  the  use of a 2% E D T A  solut ion ad jus ted  to  p H  7.3-  
7.4 by  the  add i t ion  of a 4% NaHCO a solut ion;  f inal  ant i -  
coagulant  concen t ra t ion  was 0.15%. 

To ver i fy  w h e t h e r  the  con ten t  of e ry th rocy t e  vesicles, 
or p a r t  of it, could be DNA, th in  blood smears  were sub- 
m i t t ed  to  the  FEULGEN react ion  according to LIsoN 8. As 
controls ,  o ther  smears  were prev ious ly  t r ea t ed  by  0.5% 
DNase  in 0.1 M p h o s p h a t e  buffer  (pH 7.2), for 90 rain a t  
37 ~ and  by  the  buffer  only, under  the  same condit ions.  

For  th in  sect ioning,  f ixat ion proceeded as follows 9: to  
15 drops  of blood, 15 drops  of 2% g lu ta ra ldehyde  in 0.2 M 
MILLONIG'S buffer  1~ were added  drop by  drop,  each 
followed by  slow ag i ta t ion ;  af ter  30 rain, the  suspension 
was d i lu ted  wi th  2-3 volumes  of 1% g lu ta ra ldehyde  in the  
buffer  and f ixed for 2 h. E r y t h r o c y t e s  were washed  3 t imes,  
and  f ixed for 20 min  in 1% osmium t e t rox ide  in the  same 
buffer.  Af ter  s ta in ing in an 1% aqueous  uranyl  ace ta te  
solut ion for 30 rain, t he  cells were d e h y d r a t e d  in the  
alcohol series, and  e m b e d d e d  in Polyl i te  800111. Thin  sec- 
t ions  were ob ta ined  in an 3/IT-1 Porter-t31um microtome,  
s ta ined  by  lead c i t ra te  1.2, and  examined  in an E lmiskop  I 
e lec t ron microscope at  60 Kv,  f rom • 2,500 to  • 20,000 
magnif ica t ion.  

Results  and discussion. Pos i t ive  Feulgen reac t ion  was 
ha rd ly  visible a t  po in t s  d i s t an t  f rom the  e ry th rocy t e  
nuclei. Generally,  pos i t ive  reac t ions  were seen near  the  
nuclei, which,  however ,  could be t a k e n  for nuclear  
pro t rus ions .  

Commonly ,  ma t u r e  e ry th rocy te s  p re sen t  typ ica l  mi to-  
chondr ia  of pa ranuc lea r  disposi t ion.  They  a t t a c h  at  
poin ts  of the  nuclear  membrane ,  more  or less d i s t an t  f rom 
the  pores,  where  chromat in ic  mate r ia l  is jux taposed .  
Through  the  pores of the  nuclear  membrane ,  pene t r a t i on  
of hemoglobin ized  cy top la sm takes  place (Figure la),  as 
jus t  in all ve r t eb ra t e  ery throcyees  1-~ and in m a m m a l i a n  
e ry th rob las t s  13-~5. 

I t  can be a d m i t t e d  t h a t  d iges t ion of the  nuclear  m e m -  
brane  occurs a t  t he  po in t s  where  mi tochondr i a  con tac t  t he  
nucleus, since ch roma t in  gradual ly  en ters  the  mi tochon-  
dria  (Figures 1, b and  c). These organelles suffer modif ica-  
t ions  charac te r ized  by  a gradual  d i sappearance  of the i r  
double  lamellae, or an a l te ra t ion  occurs before c h r o m a t i n  
pene t r a t i on  ceases. Af te r  the  loss of the i r  inner  s t ruc ture ,  
mi tochondr i a  begin to swell (Figure i d), giving rise to t he  
p resumable  Feulgen posi t ive  vesicles of var iable  d imen-  
sions. They  de t ach  f rom the  nucleus and  displace themse l -  
ves t h rough  the  cy top lasm,  car ry ing  myel in  figures, 
granula ted ,  f ibrous and  dense amorphous  mate r ia l  of 
nuclear  and  m e m b r a n o u s  origin (Figure 2a). Autoradio-  
graphic  s tudies  w i th  aH- tymid ine  in Bu/o  ictericus 

Fig. 1. Thin sections of mature erythrocytes, a) N, nucleus; m, 
mitoehondrion; arrow, penetration of hemoglobinized cytoplasm 
into the nucleoplasm, b, c) N, nucleus; arrows, passage of chromatin 
to the mitochondria (m). d) N, nucleus; V, vesicle recently risen from 
a mitochondrion, containing chromatinic material. 
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e ry th rocy te s  revealed the  presence  of labelled vesicles~% 
Often  vesicles fuse among  themselves ,  approach ing  the  
plasmic m e m b r a n e  which  shows an invagina t ion  (Figure 
2b);  th is  suggests  t h a t  vesicles or the i r  con ten t  m a y  be 
expel led f rom ery throcytes .  Besides this,  small  Golgi 
complexes,  and l i t t le of the  s mo o t h  endoplasmic  re t icu lum 
were also found. This peculiar  mechan i sm of chronla t in  
ex t rus ion  th rough  vesicles of mi tochondr ia l  origin occurs 
only in the  ma tu re  e ry th rocy t i c  forms, i.e. those  cells in 
which globin synthes is  has ceased. These e ry th rocy te s  
m a y  still conta in  simple r ibosomes,  b u t  no polysomes,  
which d is in tegra te  af ter  the  globin molecule chain 
synthesis .  

The funct ional  re la t ionship  be tween  the  vesicles of mi- 
tochondr ia l  origin, car ry ing  nuclear  mater ia l ,  and  
s t ruc tures  such as the  Golgi complex,  is still  unknown.  
Fu r t h e r  s tudies  w i th  labelled mater ia l  will p robab ly  
provide  more  in format ion  on th is  quest ion,  as well as on 
the  significance of th is  p h e n o m e n o n  in the  final e ry thro-  
cyt ic  ma tu ra t ion .  The possibi l i ty  of a correla t ion be tween  
th is  even t  and  the  nuclear  extrusion,  occurr ing in the  
o r thochroma t i c  e ry th rob las t s  of all mammals ,  m a y  be 
considered.  

Zusammenfassung. Chromat inha l t ige  feulgenposi t ive  
B15~schen wurden  im Cytop lasma  der  E r y t h r o c y t e n  yon  
Cyprinus carpio gefunden.  Sie haben  ihren  Ursp rung  in 
den u n m i t t e l b a r  an der  K e r n m e m b r a n  anl iegenden 
Mitochondrien,  die w/ihrend der  C h r o m a t i n a u f n a h m e  all- 
m~thlich ihre S t ruk tu r  verlieren. 
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Fig. 2. Thin sections of mature erythrocytes, a) N, nucleus; V, free 
vesicles containing dense material, b) V, vesicles approaching the 
invaginated plasmic membrane (prn). 

la A. GRASSO, H. SWIFT and G. A. ACKERMAN, J. Cell Biol. 14, 235 
(1962). 

14 E. SKUTELSKY and D. DANON, J. Cell Biol. 33, 625 (1967). 
15 C. F. SIMPSON and J. lVi. KLING, J. Cell Biol. 35, 237 (1967). 
16 H. MENEZES, C. Y. MITSUTANI and A. BRUNNER JR., unpublished 

results. 
iv The authors wish to thank Mrs. VERA MOXDIN WEISZ and Mr. 

C. A. GON~ALVES SILVA for their technical assistance and Mrs. 
SIBYLLE HELLER for her editorial aid and translation. This 
research has been supported by the Conselho Nacional de Pes- 
quisas (Proc. No. 10112/71) and Fundo Especial de Despesas do 
Instituto Butantan. 

Phys ica l  Evidence of a P l a s m i d  in I Rhizobiumjaponicum 
Many genetic observat ions ,  bu t  l i t t le physical  data ,  

suggest  the  exis tence of p lasmids  in the  genus Rhizobium. 
The t rans fe r  of clover infec t iv i ty  f rom Rhizobium tri/oli 
to  Rhizobium phaseoli and a loss of in fec t iv i ty  upon 
t r e a t m e n t  of the  recipient  cul ture  wi th  acridine orange has 
been  observed 1. Recombina t i on  has been d e m o n s t r a t e d  in 
conjuga t ion  exper imen t s  using s t ra ins  of Rhizobium 
lupini ~ and  Rhizobium leguminosarum 3 b u t  could no t  be 
found in s t ra ins  t r ea t ed  wi th  acr idine orange. T r e a t m e n t  
of the  ant ib io t ic  res i s tan t  s t ra in  10324 of Rhizobium 
]aponicum with  acr idine orange has been  repor ted  to 
increase its an t ib io t ic  sens i t iv i ty  ~. This  p r e sumpt ive  
R- fac to r  was t ransmiss ib le  to  Agrobacterium tume/aciens. 
The similari t ies be tween  th is  observa t ion  and R- fac to r  

med ia t ed  ant ib io t ic  res is tance in enter ic  bacter ia ,  and the  
suggest ion of p lasmid  control  of the  symbio t ic  n i t rogen-  
f ixing p r o p e r t y  5 led us to examine  Rhizobium ]aponicum, 
ATCC st ra in  10324, for the  presence  of p lasmid  DNA. 
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