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Fig. 1. Karyotype of male R. rattus-with 38 chromosomes. The first 
pair in the second row are the XY chromosomes. Squares point out 
the absence of pairs 3, 6, 9 and 12 of R. norvegicus; underlined Pairs 
are the new chromosomes not observed in R. norvegicus (compare 
with karyotype in Figure 2). 

Fig. 2. Karyotype of male R. norvegicus with 42 chromosomes. Tile 
first pair in the second row are the X Y chromosomes (chromosomes 
are arranged according with NOWELL et al.a). 

Since no  R. rattus w i t h  42 ch romosomes  was found,  we 
decided to  c o m p a r e  t he  k a r y o t y p e  of our  sample  wi th  t h e  
k a r y o t y p e  of a s ample  of R. norvegicus col lected in  a 
n e i g h b o u r i n g  area.  Consequent ly ,  c h r o m o s o m e  spreads  
f rom 5 wi ld  R. ,zorvegicus (2 c~ and  3 ~) t r a p p e d  in L a  
P l a t a  c i ty  (Prov ince  of Buenos  Aires) were p r e p a r e d  a n d  
s tudied .  Dip lo id  n u m b e r  in  these  an ima l s  was  42. Karyo-  
types  were cons t ruc t ed  accord ing  to  t he  s y s t e m  proposed  
b y  NOWELL et  al. ~ (Figure 2). 

The  c o m p a r i s o n  of t h e  2 complemef i t s  showed t h a t  t h e  
k a r y o t y p e  of 38 c h r o m o s o m e s  dif fered f rom t h a t  of 42 
in t h e  fol lowing fea tu res :  (a) absence  of t h e  s u b t e r m i n a l  
pa i rs  3 a n d  12; (b) absence  of 2 pa i r s  of ac rocen t r i c  

ch ro mo s o mes  of t h e  group 4-10 ;  (c) ex is tence  of 2 pa i r s  
of large  m e t a c e n t r i c  ch ro mo s o mes  (Figures 1 a n d  2). 

T h e  diploid  n u m b e r  of 42 ch romosomes  is p r o b a b l y  
t h e  m o s t  genera l  for ra ts .  Therefore ,  i t  is poss ible  to  
a s sume  t h a t  t h e  c o m p l e m e n t  of 38 ch romosomes  h a s  
a r i sen  f rom t h a t  of 42 b y  m e a n s  of a process  of ch romo-  
somal  r e a r r a n g e m e n t ,  t h e  fol lowing be ing  t h e  m o s t  
p r o b a b l e  m e c h a n i s m :  (a) de le t ion  of t h e  sho r t  a rms  of 
pa i r s  3 a n d  12, or a l t e rna t ive ly ,  pe r i cen t r i c  inve r s ion  
t r a n s f o r m i n g  t h e  s u b t e r m i n a l  3 an d  12 ch ro mo s o mes  in to  
ac rocen t r i c  e l emen t s ;  (b) cen t r i c  fus ion b e t w een  t he  
r e a r r a n g e d  pa i r s  3 an d  12 a n d  2 pa i r s  of ac rocen t r ic  
chromosomes .  

T h e  e x t e r n a l  a p p e a r a n c e  of our  spec imens  does n o t  
seem to differ  f rom t h a t  h a b i t u a l l y  descr ibed  in R. rattus. 
However ,  t h e  lack  of an ima l s  w i t h  42 ch ro mo s o mes  
p r e v e n t e d  us f rom d e t e r m i n i n g  w h e t h e r  or n o t  t h e  2 
t ypes  of R. rattus h a v e  t h e  same  p h e n o t y p e .  

Final ly ,  t h e  ex is tence  of a s imi la r  c h r o m o s o m e  comple-  
m e n t  in  2 R. rattus p o p u l a t i o n s  s e p a r a t e d  b y  more  t h a n  
1200 k m  poses a v e r y  i n t e r e s t i ng  ques t ion :  Is  t h e  /~, 
rattus w i t h  38 ch ro mo s o mes  widesp read  alI over  t he  
S o u t h  A m e r i c a n  c o n t i n e n t ?  F u r t h e r  r a t  s ampl ings  
invo lv ing  d i f fe ren t  regions  of S o u t h  Amer i ca  will be  
necessa ry  to  answer  t h e  ques t ion .  

Resumen. Se e s t u d i a r o n  los c romosomas  de 16 e jem-  
p lares  de Rattus raltus p r o v e n i e n t e s  de la P r o v i n c i a  de 
Buenos  Aires  (Argent ina)  y del E s t a d o  de Rio G r a n d e  do 
Sul (Brasil).  E n  todos  los an ima le s  el c o m p l e m e n t o  
e s tuvo  fo rmado  por  38 c romosomas ,  Cons ide rando  que  
en  las r a t a s  el c o m p l e m e n t o  de 42 c romosomas  es pro-  
b a b l e m e n t e  el mas  general izado,  se sugiere que  el 
c o m p l e m e n t o  de 38 c r o m o s o m a s  h a  de r ivado  del de 42 
m e d i a n t e  u n  proceso de r e o r d e n a m i e n t o  c romosdmico  
con fus idn c6ntr ica .  

N. O. BIANCI-I114, J.  PAULETE-VANRELL 15 and  
L. A. DE VIDAL RIOJA 1. 

Comisidn de fnvestigaciones Cienti[ieas de la 
Provineia de Buenos Aires, 
La Plata (Argentina) and 
Universidad de S~o Leopoldo, 
Facultad de Filosofia, Ci~ncias e Letras, 
Sdo Leopoldo (R. G. do Sul, Brasil), 3 March 1969 

t4 Comisi6rt de lnvestigaciones Cientfficas de la Provineia de Buenos 
Aires, La Plata (Argentina). 

15 Universidad de Silo Leopoldo, Facultad de Filosofia, Ci~ncias e 
Letras, S~o Leopoldo (R. G. do Sul, Brasil). 

P r o p e r t i e s  of M y c o b a c t e r i o p h a g e  1321 

M y c o b a c t e r i o p h a g e  C2 was i so la ted  b y  MANKIEWICZ 2 
in 1965 f rom s p u t u m  of a p a t i e n t  w i t h  a lveo la r  cell car-  
c inoma.  Th i s  c o m m u n i c a t i o n  descr ibes  s tudies  on  t h e  
morpho logy ,  nucleic  acid c h a r a c t e r i z a t i o n  of C2 a n d  
phage-Mycobacterium smegmatis re la t ionsh ip .  

Experimental. P h a g e  C2 and  i ts  host ,  M. smegmatis, 
s t r a i n  ATCC 607, were suppl ied  b y  Dr. E.  MANKIEWlCZ. 
E l e c t r o n  mic roscopy :  p h a g e  was  p r o p a g a t e d  on  ATCC 607 
g rown in YOUMANS a n d  KARLSON a med ium,  pur i f i ed  b y  
d i f fe ren t ia l  c en t r i f uga t i on  a n d  suspended  in 1% a m m o -  
n i u m  ace ta te .  A d rop  of phage  suspens ion  or phage-  
in fec ted  bac t e r i a l  cu l tu re  was p laced  on  a F o r m v a r -  
c a r b o n - c o a t e d  grid, a n d  n e g a t i v e l y  s t a ined  w i t h  2% 

n e u t r a l  p o t a s s i u m  p h o s p h o t u n g s t a t e  (PTA). Spec imens  
were e x a m i n e d  w i t h  a Phi l l ips  E M  200 e lec t ron  micro-  
scope. Nucleic  acid s tud ies :  p h a g e  C2 was p ropaga t ed ,  
h a r v e s t e d  a n d  pur i f i ed  b y  t h e  m e t h o d  of SELLERS a n d  
RIJN~ALS 4 modi f ied  b y  t h e  use of R V A  agar  m e d i u m  5 
in s t ead  of L e v e n t h a l ' s  agar .  Acr id ine  o range  s t a in ing  of 
phage  nucle ic  acid was done  b y  t h e  p rocedure  of MAu 
a n d  HILL s. P h a g e  D N A  was  e x t r a c t e d  w i t h  p h e n o l  a t  
r oom t e m p e r a t u r e ,  pur i f ied  7 a n d  i ts  i n fec t iv i ty  t e s t ed  
ag a i n s t  M. smegmatis, BCG, C. ho//mani, E. coli a n d  
mouse  L cells. D N A  c o n c e n t r a t i o n  was  m e a s u r e d  b y  
s p e c t r o p h o t o m e t r y  ( B e c k m a n  DB-G)  a n d  d i p h e n y l a m i n e  
r eac t i on  s a n d  i ts  b u o y a n t  dens i ty  in  CsC1 was  k i n d l y  
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de t e rmined  by  Dr. I. TAKAHASHI following the  procedure  
Of NCHILDKRAUT et  aid, using D N A  of PBS15 as reference.  
Colonies f rom infec ted  cul tures  of ATCC 607 grown con- 
t inuous ly  in YOU~ANS'S med ium 3 were t e s t ed  for lysogeny.  

Observations. C2 vir ions consis t  of an  icosahedral  head  
(Figures I and  2), and  all e longated  non-cont rac t i l e  tai l  
wi th  s t r ia t ions  and  a base plate- l ike s t ruc ture .  The neck  
of the  taft  is s l ight ly  cons t r i c ted ;  a r ing s t ruc tu re  was  
occasional ly seen at  t he  t ip.  E m p t y  heads  were rounded.  
Capsomere- l ike  uni ts  were seen in the  head  (Figure 2), 
and  7-8 of these  uni ts  were recognized along the  side of 
the  hexagona l  profile. Similar  s t ruc tures  have  been  
descr ibed in phage  t3-110. Phage  s t ruc tu re  and  d imens ions  
are summar i zed  in Figure  8. 

Phage -hos t  cell a t t a c h m e n t  was f irs t  observed  15 rain 
a f te r  mix ing  and  at  30 min  holes were p resen t  in the  cell 
wall, suggest ing the  presence  of a lyt ic  enzyme  in t he  
tai l  t ip.  At  th is  t ime,  there  was no evidence of D N A  
injec t ion  in to  the  host .  Many  bac te r ia  lysed (phage 
release) a t  90 min  (Figure 7), b u t  on one occasion lysis 
was observed  at  60 rain (Figure 5). In fec ted  bacter ia  
became  electron t r a n s p a r e n t  and  t h e y  showed intracel-  
lular bodies  which  seem to increase dur ing  the  l a t en t  
per iod (Figures 5 and  7); occasional ly  pa i red  f ibrous 
s t ruc tu res  on the  cell envelope,  s imilar  to  those  descr ibed 
for M. yucho11, were seen. 

Acridine orange s ta in ing  of phage  C2 p repa ra t ions  
(opt imal  concen t ra t ion  : 1011 part icles/ml)  gave t h e  green 
fluorescence, charac ter i s t ic  of doub le - s t r anded  nucleic 
acid ; DNAse  p re t r ea t ed  samples  did no t  show th is  fluores- 
cence, which indica tes  t he  D N A  na tu re  of t he  nucleic 
acid. The guanine  + cytos ine  con ten t  of C2 D N A  was 
61% as d e t e r m i n e d  by  its b u o y a n t  densi ty .  This DNA 
was  infect ious to ATCC 607 and BCG, b u t  no t  to C. hoff- 
maul, E. toll, or mouse  L cells. More t h a n  99 % of the  p laque-  
fo rming  ac t iv i ty  was lost  dur ing  the  phenol  ex t rac t ion .  

F r o m  cul tures  of ATCC 607 th ree  lysogenic colonies 
were ob ta ined  (Figure 4). Thei r  cul tura l  fea tures  and  
chromogenic i ty  were  d i f fe rent  f rom ATCC 607. The UV- 
i r rad ia t ion  did no t  p roduce  s ignif icant  phage  induc t ion ;  

Fig. 1. Virions C2 negatively stained with PTA. 
• 95,000. 

Fig. 2. Icosahedral head of phage C2 viewed 
along threefold axe, showing capsomere-like 
structures. Photographic reversal, PTA stain. 
x 600,000. 

Fig. 3. Fluorescence (arrows) from a droplet 
band Of phage suspension after acridine orange 
staining. • 600. 

Fig. 4. Colonies of 3 lysogenic (b, c, d) and 
one (e) atypical-like mycobacterial culture 
obtained from ATCC 607 (a). • 0.5. 

Fig. 5. Attached phages (arrow), intracellular 
bodies, and phageproduced holes in the bac- 
terial wall are present. PTA stain. • 8500. 

Fig. 6. Colonies from a, b and c (see Figure 4) 
plated on a culture of ATCC 607 grown on 
RVA agar medium. Clear zones indicating 
the presence of a bactericidal substance, are 
seen around colonies b and c. • 0.5. 

Fig. 7. Cluster of ATCC 607 cells at different 
stages of infection: intracellular bodies (ar- 
rows), 500-1800 A in diameter, are present 
in lysed (right) and non-lysed bacteria. PTA 
stain. • 8500. 

Fig. 8. Schematic diagram of mycobacterio- 
phage C2. 

s imilar  resul ts  were repor ted  for M. butyricum 12. Two of 
these  lysogenic cul tures  p roduced  a bacter iocin- l ike sub- 
s tance  (Figure 6), which  was more  s table  a t  37 ~ t h a n  
the  phage  and  remained  in s u p e r n a t a n t  af ter  h igh-speed  
centr i fugat ion.  

A cy topa th i c  effect  was  observed in mouse  L cell 
monolayers  infected wi th  phage  C2 (E. MANKIEWlCZ, 
personal  communica t ion ,  1966). A t t e m p t s  to conf i rm 
this  observat ion,  using HeLa,  L and  m o n k e y  k i d n e y .  
cells, were unsuccessful.  

Rdsumd. Le mycobac t6 r iophage  C2 a une  morphologie  
t y p i q u e  t4te-queue,  la longueur  de la t6te  6 tan t  de 60 n m  
et celle de la queue de 200 nm. Le g6nome du phage  est  
un acide d6soxyribomfcl6ique.  Le phage  C2 joue un r61e 
i m p o r t a n t  dans  la g6n6tique mycobac t6r ienne .  
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