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in a H - P L  b i n d i n g  be tween  t h e  I N - t r e a t e d  and  t h e  
con t ro l  ka ryo types .  The  p r o b a b l e  er ror  c o m p u t e d  for 
severa l  groups  of k a r y o t y p e s  co r re spond ing  to d i f fe ren t  
cond i t ions  of t r e a t m e n t  was  be tween  15 to  30% of t h e  
m e a n  Ge-Go values.  

The  G,-G, va lues  for A group ch romosomes  are  g iven  in 
the  Table .  The  m o s t  s t r ik ing  effect  of I N - t r e a t m e n t  was on  
A2 chromosome.  I t  d id  b i n d  less 3H-PL t h a n  t h e  con t ro l  
A 2 c h r o m o s o m e  u n d e r  nea r ly  all  cond i t ions  of IN-  
t r e a t m e n t .  I t  was  also obse rved  t h a t  t he re  was a de- 
pendence  of 3H-PL b i n d i n g  on  t h e  degree of c h r o m o s o m a l  
c o n t r a c t i o n  (X AG values) .  A long A 2 c h r o m o s o m e  
exposed  to  I N  for 4 h d id  b i n d  more  3H-PL t h a n  a sho r t  
A 2 ch romosome.  The  oppos i te  resu l t  was  o b t a i n e d  for t h e  
48 h exposure  t ime.  I n  add i t ion ,  t h e r e  was  obse rved  for  
A 2 c h r o m o s o m e  a g radua l  decrease  of 27 AG w i t h  t h e  
exposure  t i m e  for  each  I N  dose employed .  

T h e  resu l t s  o b t a i n e d  for A group  chromosomes ,  
pa r t i cu l a r l y  for A~ chromosome,  sugges t  t h a t  t he  organiza-  
t i on  of c h r o m o s o m a l  nucleic  acids a n d  p ro t e ins  m i g h t  be  
d i f fe ren t  in  I N - t r e a t e d  ch romosomes  t h a n  in controls .  
The  ~H-PL b i n d i n g  would  be expec t ed  to  occur  m o s t  
r ead i ly  in  t hose  regions  of m e t a p h a s e  ch romosomes  t h a t  
c o n t a i n  exposed  segmen t s  of nucleic  acids. The  b i n d i n g  
occurs  t h r o u g h  ionic i n t e r ac t i ons  b e t w e e n  pos i t ive ly  

cha rged  e-amino groups  of a H - P L  an d  nega t ive ly  cha rged  
p h o s p h o d i e s t e r  l inkages  of nucle ic  acids. A t  leas t  10 to  20 
such  i n t e r ac t i o n s  would be  r equ i r ed  per  one aH-PL  
molecule  to  m a i n t a i n  a s t ab le  complex,  s ince t h e  i n t e r -  
ac t ion  energy  for one mole  of ion pa i rs  is of t h e  order  of 
1 Kcal.  

Zusammen/assung. Nachweis ,  dass  die B i n d u n g  von  
t r i t i u m m a r k i e r t e m  Poly-L-Lysin  (aH-PL), m i t  den  Chromo-  
somen  der  A-Gruppe  (speziell m i t  d e n  A2-Chromosom ) 
aus  i son iaz idha l t igen  K u l t u r e n  der  men s ch l i ch en  L y m -  
p h o c y t e n  isoliert ,  ve r sch i eden  y o n  der  B i n d u n g  desse lben  
m i t  n i c h t  b e h a n d e l t e n  Ch ro mo s o men  war.  Das  B i n d u n g s -  
v e r m 6 g e n  des b e h a n d e l t e n  A2-Chromosoms is t  i iberdies  
yon  der  Chromosomen lgnge  abhgngig .  
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The C h r o m o s o m e s  of Italian Sturgeons  

The  cy togene t i cs  of t he  Ac ipenser idae  is i n t e r e s t i ng  for 
two  m a i n  reasons :  1. t h e y  are r a t h e r  p r i m i t i v e  f ishes;  
2. t h e i r  t a x o n o m y  is compl i ca t ed  ; m a n y  in terspeci f ic  an d  
in te rgener ic  h y b r i d s  are descr ibed  1 and  ar t i f ic ia l ly  
o b t a i n e d  2. 

T he  on ly  careful  de sc r ip t i on  of t h e  k a r y o t y p e  so far  
publ i shed ,  to  our  knowledge,  is t h a t  b y  OHNO et  al. ~ of 
t he  shove lnose  s turgeon,  Scaphirhynchus platorhynchus, 
which  has  a b o u t  112 ch romosomes  (diploid n m n b e r )  
w i t h  a b o u t  48 dot - l ike  mic rochromosomes .  The  k a r y o t y p e s  
of Huso huso L., Ac@enser ruthenus L., a n d  t h e i r  h y b r i d  
were s tud ied  b y  SEREBRYAKOVA4; b u t  t he  mic roch ro mo -  
somes were no t  no t i ced  and  c o m p l e m e n t s  of on ly  60 
ch r omosomes  were descr ibed  for b o t h  species a n d  the i r  

hybr ids .  Also for t h e  A. stellatus Pall .  an d  A. nudiventris 
Lov.  k a r y o t y p e s  of 60 ch ro mo s o mes  were descr ibed,  
whi l s t  A gi~ldenstiidti Br. should  h a v e  more  t h a n  130 
chromosomes ". 

In N o r t h e r n  I ta ly ,  3 species are  p r e s en t  5 : Huso huso L., 
A eipenser sturio L. a n d  A cipenser Naccarii B o n a p a r t e ;  
th i s  l as t  species is found  on ly  in' t h e  N o r t h  Adr ia t ic .  
W e  s tud ied  the  k a r y o t y p e s  of some spec imens  of these  
3 species, col lected f rom t h e  Po r ive r  d u r i n g  spr ing  and  
a u t u m n  1973. 

1 L. S. BERG, Freshwater Fishes o] the U.S.S.R. and Adjacent 
Countries (Israel Program for Scientific Translations, Jerusalem, 
translated from Russian 1962). 

2 N. 1. NIKOLYUKIN, Genetika 5, 25 (1966). 
3 S. OHNO, J. 1V[uRA1ViOTO~ C. STENIUS, L. CHRISTIAN, W. A. KITTRELL 

and N. B. ATKIN, Chromosoma 26, 35 (1969). 
4 E. V. SEREBI~JAKOVA, in Genetics, Selection, and Hybridization o] 

Fish (Ed. B. I. CHERFAS; Israel Program for Scientific Transla- 
tions, Jerusalem, translated from Russian, 1962), p. 98. 

5 U. D'ANCONA, Ministero Econ. Naz., Uffieio Pesca (1924). 

Fig. 1. Metaphase plate of Huso huso, arrows indicate the pair of Fig. 2. Metaphase plate of Acipenser slurio. 
large acroeentrie chromosomes. 
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Distribution of diploid chromosome counts obtained from 3 species of Aciperlseridae 

EXPERIENTIA 30/7 

Species Sex No. Diploid chromosomes 

101-110 111-120 121-130... 221-230 231-240 241-250 

Huso huso c~ 1 
? 2 
Not det. 2 

A cipense r sturio c~ 2 

Acipenser Naccarii ~ 1 
9 3 

- -  1 0  2 

2 26 2 
4 14 1 

5 37 13 

3 5 11 
6 11 20 

The  t e c h n i q u e  used  was  a modi f i ed  ve r s ion  of t h a t  
r epor t ed  by  CAPANNA et  al. 6. E a c h  f i sh  w a s  in jec ted  e i the r  
i .m. or  s.c. w i t h  0.3 ml /100  g of Colcemid Ciba. 3 h later ,  
t h e  in jec ted  f i sh  was  ki l led;  t h e  ' h e a d '  k i d n e y  was  
r emoved ,  cu t  to  pieces of a p p r o x i m a t e l y  0.5 m m  ~ and  
p laced in a h y p o t o n i c  s o d i u m  c i t ra te  so lu t ion  for 20 m i n ;  
th i s  so lu t ion  was  r e m o v e d  a nd  a cold f ixa t ive  (3:1 m i x t u r e  
of e t h a n o l  a nd  glacial  acet ic  acid) was  added.  The  m a t e r i a l  
was  cen t r i fuged  a n d  af te r  3 success ive  f ixa t ions ,  t he  f inal  
cell s u s p e n s i o n  was  s q u a s h e d  on chil led sl ides accord ing  to  
t he  a i r -d ry ing  m e t h o d  a nd  s t a i n e d  by  t he  G ie msa  so lu t ion .  
Sex of each  f i sh  was  d e t e r m i n e d  by  h is to logica l  e x a m i n a -  
t i on  of the  gonads .  9 to 17 m e t a p h a s e s  per  i nd iv idua l  were 
e x a m i n e d  of 5 spe c ime ns  of H .  huso,  4 to  32 of 4 A. 
Naccar i i ,  27 a n d  28 m e t a p h a s e s  of 2 A .  s tur io .  

The  resu l t s  are r epo r t ed  in t he  Table .  The  diploid  
c h r o m o s o m e s  n u m b e r s  are :  H .  huso 116 4- 4, A .  s turoi  
116 ~ 4, A .  N a c c a r i i  239 • 7. The  k a r y o t y p e s  of t he  
3 species  are r epor t ed  in t he  F igures  1-6. All t he  ka ryo-  
t y p e s  are cha rac t e r i zed  b y  a large g roup  of m e t a -  a n d  

Fig. 3. Metaphase plate of Acipenser Naccarii. 
E. CAPANNA, S. CATAUDELLA and R. VOLPE, Boll. Pesca Piscic. 
Idrobiol. 25, 245 (1971). 

Fig. 4. Karyotype of Huso huso. The meta- and submetacentric chromosomes were first aligned in order of declining size, followed by the 
acroeentric and finally the microchromosomes. 
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submetacen t r i c  chromosomes ,  few acrocentr ics ,  and a 
large n u m b e r  of dot- l ike  microchromosomes .  I t  is difficult  
to  d is t inguish  among  the  small  ch romosomes  the  meta -  
and  submetacen t r i c  ones, and  to  separa te  the  small  
chromosomes  f rom the  dot- l ike microchromosomes ,  
because  the  size of t he  chromosomes  decreases  in a r a the r  

cont inuous  pa t t e rn .  However ,  it  is possible to  charac ter ize  
each ka ryo type  by  t ak ing  into account  ma in ly  the  larger 
chromosomes .  The diploid complemen t  of H. huso consists  
of 34 pairs  of me ta -  and  subme tacen t r i c  chromosomes ,  3 
pairs  of acrocentr ics ,  1 long and 2 shorter ,  and abou t  38 
microchromosomes .  A. sturio has 35 pairs  of me ta -  and sub- 

Fig. 5. Karyotype of Acipenser sturio. The meta- and submetacentric chromosomes were first aligned in order of declining size, followed by 
the acroeentric and finally the microehromosomes. 

Fig. 6. Karyotype of Acipe~r Naccarii. The meta- and submetacentric chromosomes were first aligned in order of declining size, followed 
by the acrocelltric and finally the nlicrochromosomes. 
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metacent r ic  chromosomes,  only 2 pairs of smaIlacrocentr ics  
and about  40 microchromosomes.  The karyo type  of A. 
Naccarii consists of 75 pairs meta-  and submetacentr ic ,  6 
pairs of acrocentr ic  and about  76 microchromosomes.  Al- 
though the  number  of chromosomes is the  same, the  kar- 
yotypes  of H. huso and A. sturio are different  and easily 
dist inguishable by the  presence in H. huso of a pair  of large 
acrocentr ic  which is lacking in A. sturio. A. Naccarii 
appears  to be a polyploid, and by  considering the  mor- 
phology of the  larger chromosomes,  i ts ka ryo type  differs 
f rom those of both H. huso and A. sturio. 

The karyotypes  of the  above species of Acipenseridae 
are character ized by a high chromosomes number  and by  
a large number  of microchromosomes,  s imilar  to t ha t  
found by OHNO e t a l .  a for S. platorhynchus ; this  condi t ion 
seems to be val id  for the whole fami ly  of these Chondro- 
stei. OHNO 3 also puts  t he  quest ion whether  the  high 
chromosome number  of sturgeons is due to pol iploidy;  
our results  show tha t  the  number  2n = about  116 is 
widely  dis t r ibuted and perhaps i t  is not  a polyploid 
condi t ion;  p robably  polyploid species, such as A. Naccarii, 
wi th  about  240 chromosomes do exist.  

The Russian authors~,4 seem. not  to have  not iced the  
microchromosomes  ; by  considering onIy the  larger recta-  
and submetacent r ic  chromosomes,  the  karyotypes  they  
describe are s imilar  to those  repor ted  here. Therefore  we 
believe tha t  also A. stellatus, A. nudiventris and A. 
ruthenus have  a fundamenta l  chromosome number  of 
about  120 similar  to H. huso, A. sturio and S. platorhyn- 
chus; while A. giildenstiidti has a complement  of about  
240 chromosomes like A. Naccarii, and bo th  migh t  be 
polyploids. 

Many species of Acipenseridae produce easily inter-  
specific and intergeneric  hybr ids<~;  the  t a x o n o m y  of 
these species should be revised. The cytogenet ic  approach 
could provide  a cont r ibut ion  to these problems. A 
working hypothesis  to be tes ted is t ha t  H. huso, A. 
stellalus, A. ruthe~us and A. nudiventris, which produce 

fertile hybr ids  and also have s imilar  karyotypes  charac- 
ter ized by the  presence of 3 acrocentrics chromosomes,  
m a y  be s t r ic t ly  related species or even the  same species. 
Since A. gi~ldenstddti and A. Naccarii might  both  be 
polyploid,  the  comparison of their  karyotypes  could 
th raw l ight  on their  reciprocal  t axonomica l  relat ionship.  
H. huso and A. g~ldenst~idli produce unfert i le  hybr ids<  
There  is at  present  no avai lable  evidence on the  der iva t ion  
of A. g~ldenstddti and A. Naccarii as polyploid  species; 
the  morphology  of the  larger chromosomes of A. Naccarii 
differs f rom tha t  of H. huso and A. sturio. 

Rdsumd. On pr6sente l '6 tude caryologique des trois 
esp~ces d 'Es tu rgeons  des eaux italiennes. L'esp~ce Huso 
huso a u n  nombre  diploide d ' envi ron  116, don t  34 couples 
de chromosomes m6tacentr iques  et  subm6tacentr iques ,  
3 couples de chromosomes acrocentr iques,  et  envi ron  
38 microchromosomes.  L'esp&ce Acipenser sturio est 
caracteris6e par  environ 116 chromosomes,  dont  35 
couples m6tacentr iques  et subm6tacentr iques ,  2 couples de 
pet i ts  acrocentriques,  et  40 microchromosomes.  L'esp~ce 
Acipemer Naccar{{ est caracteris6e par  24O chromosomes 
environ, soit, 75 couples de chromosomes m6tacent r iques  
et subm6tacentr iques ,  6 couples d 'acrocentr iques  et  
environ 78 microchromosomes.  Les donnfes  caryologiques 
sont confront6es a v e c l a  sys t6mat ique  des Acipenseridae.  
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Oceanian Type  Black Rats  (Rattus rattus) with  a Subte locentr ic  M 2 C h r o m o s o m e  and 
C - T y p e  Transferr in  Obtained f r o m  North  A m e r i c a  

Oceanian type  black ra ts  w i th  38 chromosomes have  
been found widely  in the  world, namely  in Oceania, 
South  America,  Europe,  Nor th  America,  Central  Asia, 
Southwest  Asia and Africa. The idiogram of these rats 
differs marked ly  from %hat of the  Asian type  wi th  42 
chromosomes,  by  hav ing  2 large metacent r ic  pairs. 
According to YOSlDA et al . l -s ,  the  larger metacent r ic  
pair  (M1) have  or iginated in the  Rober t son ian  fusion of 
acrocentr ic  pairs No. 4 and 7 and the  o ther  smaller  one 
(M2) in tha t  of the  acrocentr ic  pairs No. 11 and 12 in the  
Asian type  black rat. Sizes of 2 arms of the  M2 chromo- 
some in these rats are usual ly similar. However ,  a subtelo- 
centr ic  M S chromosome,  which is remarkable  by  hav ing  a 
shorter  arm, was found in the  black rats  obtained f rom 
Nor th  America.  I l l  this  paper  the  id iogram of these rats  
will  be repor ted  wi th  special in teres t  in the  origin of the  
subtelocentr ic  M~ chromosome.  In  addit ion,  e lectrophoret ic  
analysis of thei r  sera was carried out, indicat ing Oceanian 
type  t ransferr in  in those rats and also suggesting the 
homogeneous  na ture  of the  breeding colony. 

The  black rats  (Rattus ratlus) used in the  present  
s tudy  were k indly  supplied f rom Dr. R E x  MARSH and 
Mr. RAY RECORD in the Depa r tmen t  of Animal  Physiology,  
Univers i ty  of California a t  Davis,  when we vis i ted 

there  in August ,  1973. According to Dr. MARSH'S cor- 
respondence 3 pairs of b lack rats  were collected in San 
Lorenzo, California in 1970, by  Mr. VAL DUTSON of Publ ic  
Hea l th  in Berkeley,  and since then  t h e y  have  been bred 
in an outdoor  popula t ion  cage. 10 rats  (5 females and 5 
males), r andomly  caught  f rom the  breeding colony, 
were given to us to send to Japan.  

Chromosomes of these rats  were observed in shor t - te rm 
cul tured ceils f rom thei r  ta i l  t ips following the  procedure 
described in the  previdus papers4. Chromosome prepara-  
t ions were made  by  convent ional  air drying technique 
and stained wi th  Giemsa solution. To observe the 
banding  pa t te rns  of chromosomes,  SDS technique  3 was 
applied. In  cu t t ing  the  tai l  tip, a small  blood sample, 
approx imate ly  0.5 ml, was obta ined  for e lectrophoret ic  
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252 (1971). 
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