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in fairly large areas t h a t  are no t  a lways  monta inous ,  bu t ,  
as in the  case of the  CB popula t ion ,  the  22-chromosome 
mice spread  to the  plains of Nor the rn  Puglia.  This 
c i rcumstance  assumes a cer ta in  theore t ica l  interest ,  
since we 12 had  previous ly  a t t r i b u t e d  an i m p o r t a n t  r61e 
in se t t ing  up the  homozygous  Rober t son ian  popula t ions ,  
to the  compa r tm en ta l i z a t i on  of the  mon ta inous  environ-  
ment ,  on account  of the  possible geographic  isolat ions 
into small  animal  communi t ies ,  and consequen t ly  of 
genetic drift .  
Ye t  ano the r  difference concerns  the  t axonomic  aspect .  
The Alpine popula t ions  belong to 2 di f ferent  species, 
Mus musculus  the  mice of Val Mesolecina, and Mus 
poschiav inus  Fat io ,  those  of the  Poschiavo Valley. All 
the  Apennine  mice, on the  o the r  hand,  belong to  the  Mus 
musculus  species. This c i rcumstance ,  however ,  becomes 
i r re levant  due  to  the  fac t  t h a t  the  va l id i ty  of t h e  Fa t io ' s  
species ~3, i.e. Mus poschiavinus ,  was re -eva lua ted  solely 
on the  basis of the  cytological  difference (2n --  26), 
whereas  f rom a pure ly  morphological  and t axonomica l  
po in t  of viewS% it was considered synonymus  wi th  Mus 
musculus  L. But ,  a t  present ,  as more  and more  evidence 
emerges abou t  an ex t r ao rd ina ry  Rober t son ian  var iab i l i ty  
of the  mouse karyo type ,  th is  t axonomica l  separa t ion  
loses any  logical jus t i f icat ion.  Nonetheless ,  the  p rob lem 
of the  sys temat ic  evalua t ion  of each house mouse popula-  

t ion  appears  ve ry  complex.  The  i n t e rp re t a t i on  of each  
Robe r t son ian  popu la t ion  of house mouse  as a 'species 
incipientes '  15 would be too easy  a solut ion of a puzzl ing 
evo lu t ionary  problem.  All the  biological charac ter i s t ics  
of these  mouse  popula t ions  have  to be careful ly eva lua ted  
before such an exp l ica to ry  hypo thes i s  can be proposed.  
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Summary.  The occurrence of spontaneous  Rober t son ian  fusion leading to 2n --  39 chromosomes  (NF --  40) in the  house 
mouse (Mus musculus  domesticus)  has been repor ted  for the  first  t ime  f rom Asia. 3 pheno typ ica l ly  normal  female mice 
collected from 2 d i s t an t ly  located popula t ions  of Ind ia  (Tripura and Calcutta) show centr ic  fusion in somat ic  chromo-  
somes be tween  pairs  2 and 16, and 8 and 14 respect ively.  C-banding analysis  revealed t h a t  the  (sub)metacent r ic  has 
been or ig inated by  fusion be tween  the  b roken /e roded  cen t romeres  of 2 te locentr ic  chromosomes .  

Though  the  analysis  of ka ryo type  of d i f ferent  l abora to ry  
s t ra ins  of mouse has been the  subjec t  of a large n u m b e r  of 
studies,  the  house mouse,  Mus musculus  domest icus  has  
received as ye t  very  l i t t le  a t t e n t i o n  in tbe  karyological  
l i tera ture  of mammals .  Recent ly ,  in course of our in- 
vest igat ions  on the  ka ryo type  of the  common  house 
mouse 1, 3, an in teres t ing  incidence of spontaneous  centr ic  
fusion has  been  not iced in 3 female mice. 2 of these 3 
females were collected f rom our house a t  Calcut ta ,  Wes t  
Bengal, and one f rom Agartala ,  Tripura.  These 2 Ind ian  
s ta tes  are widely  separa ted  f rom each o ther  by  Bangla-  
desh. The somat ic  ch romosomes  of the  female specimens 
(weighing abou t  18-20 g) were p repared  f rom bone 
mar row by  following the  colchicine-ci t rate-acet ic  alcohol- 
air dry ing  technique  and  were s ta ined in Giemsa by  using 
the  phospha t e  buffer  of a p H  of 7.23, 4. 
The normal  diploid c o m p l e m e n t  of Mus musculus  do- 
mest icus  consists  of 40 rod-like te locentr ic  e lements  of 
which  the  first  pair  m a y  be des igna ted  as 'marke r  chromo-  
somes'  due to  the i r  r emarkab le  l eng th  in compar ison 
wi th  o ther  e lements  1,2 (figure 1). Af ter  a crit ical exam-  
ina t ion  of 50 m e t a p h a s e  complemen t s  f rom each of the  
3 pheno typ ica l ly  normal  individuals,  it  was conf i rmed 
t h a t  these  3 females  are ac tual ly  he te rozygous  for a 
centr ic  fusion wi th  a 39-chromosome ka ryo type  (NF ~ 40). 

Of these,  38 are original te locent r ic  and one is submeta -  
cent r ic  (figures 2-4). The la t te r  or ig inated by  centr ic  
fusion of 2 te locentr ics  belonging to groups I I  and III'~-8 
or more  precisely a) be tween  ch romosomes  belonging to 
pairs  2 and  16 in the  specimen collected f rom Tr ipura  
(figure 4), and b) be tween  ch romosomes  belonging to 
pairs 8 and 14 in the  females collected f rom Calcut ta  
(figures 2 and  3). 
Several  r epor t s  on spon taneous  cent r ic  fusion in l abora tory  
mouse s t ra ins  have  been publ i shed  f rom t ime  to t ime by  
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Species Localities 2n Total number of fusion metacentrics References 
(no. of chromosomes involved ill centric fusion) 

Mus musculus Tripura, 39 I Present paper 
domesticus India (2 + 16) 
Mus musculus CMeutta, 39 I Present paper 
domesticus India (8 + 14) 
Mus museulus Central Apenine; 22 I II  I I I  IV V VI VII VII I  IX Capanna et al. 19 

I ta ly  (6+1) (8+3) (11+7) (15+4) (10+9) (18+2) (17+5) (14+12) (16+13) 
Mus museulus Rhaetian Alps, 28 I I I  I I I  IV V VI Gropp et al. 18 

Switzerland (3+1) (14+2) (12+4) (8+7) (11+10) (16+13) 
Mus musculus Rhaetian Prealps, 35 I II  I I I  Gropp et al. TM 

Switzerland (17 + 16) (11 + 10) (12 +4) 
Mus musculus Rhaetian Alps, 38 (12+4) Gropp et al. 18 

Albula, Switzerland 
Mus poschia- Rhaetian Alps, 26 I I I  I I I  IV V VI VII Gropp et a l )  5 
vinus Val Poschiavo, (3+1) (6+4) (15+5) (13+11) (12+8) (14+9) (17+16) 

Switzerland 
Mus nmsculus Lab. strain 39 I L~onard and 

(16 + 6) Deknudt 9 
Mus musculus Lab. strain 39 I Evans et al. 1~ 

(19+9) 
Mus museulus Lab. strain 39 I Baranov and Dyban 12 

(17+8) 
Mus musculus Lab. strain 39 I White and Tijo 11 

(19+5) 
Mus museulus Lab. strain 39 I Chakrabarti ~4 

(17+4) 

Fig. 1-5. Photomicrographs of somatic metaphases of female house mice (Mus musculus domesticus). 1 Normal metaphase with 40 telocentric 
chromosomes. 2-4 Metaphases of 3 heterozygous females each with 38 telocentrics and one submetacentrie chromosome (arrowed). 5 C- 
banding of a metaphase of a heterozygous female showing the fused centromere of the submetaeentric chromosome (arrowed). 
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dif ferent  inves t iga tors  9-14. A d ivergent  f inding on the  
occurrence of 7 pairs  of me tacen t r i c s  due  to  Robe r t son i an  
fusions has  also been repor ted  in tobacco mouse,  Mus 
poschiavinus  f rom Switzer land 15. Previous ly  i t  was gen- 
erally accepted  t h a t  the  wild popula t ions  of house mouse 
have  a fairly uni form ka ryo type  of 40 te locentr ic  chromo-  
somes ~6 Bu t  recent ly  the  occurrence of var iable  metacen-  
trics (2-9) due to  Rober t son ian  fusions has been repor ted  
f rom di f ferent  regions of Switzerland~7,~s and  Romelg.  
So far as we are aware, there  is no repor t  on the  occur- 
rence of Robe r t son ian  fusion in any  of the  house mouse 
popula t ions  of Asia. This f irst  repor t  on ka ryo type  vari-  
at ion due to Rober t son ian  fusion in house mouse f rom 
two widely separa ted  localities of Eas t e rn  Ind ia  will add 
fur ther  cytological  da t a  to the  p rob lem of chromosome 
po lymorph i sm of the  species and  the  probable  t r end  of its 
evolution.  
I t  is somew ha t  difficult  a t  p resen t  to suggest  wi th  con- 
fidence whe the r  the  occurrence of Rober t son ian  fusion in 
these  three  specimens  collected f rom 2 d i s t an t ly  located 
popula t ions  is accidental  or has  any  evolu t ionary  signifi- 
cance. But  it  is ev iden t  f rom di f ferent  research repor t s  
publ ished in recen t  years  tha t ,  like labora tory  strains,  the  
wild popula t ions  of house mouse also t end  to undergo 
centr ic  fusion re la t ively  easily. Moreover,  the  da t a  com- 
piled in the  table  also indicate  t h a t  in mos t  cases the  
fusion has t aken  place be tween  chromosomes  belonging to 
groups I I  and IV ~-s in l abora to ry  s t ra ins  and be tween  
groups I and IV 1, 2 in wild popula t ions  of mouse. 
Recen t ly  an extens ive  review on the  causes and conse- 
quences of Rober t son ian  exchange has been publ ished by  
John  and F reeman  ~0. But  it  is no t  very  easy to conclude 
how these fusion (sub)metacentr ics  have  or ig inated in 
our mater ia l .  Al though  the  rods of mouse have  been  

var iously  chr i s tened  as acro- or telocentr ics,  according to  
the  choice of indiv idual  authors ,  ye t  by  whole m o u n t  EM 
studies  Comings and  Okada  21 have  conf i rmed t h a t  the  
rods of mouse  are te locentr ic  in na tu re  w i th  no evidence  
of a shor t  arm. I t  is, therefore,  qui te  plausible  t h a t  t he  
(sub)metacent r ic  in these  3 female specimens  has  ori- 
g inated  e i ther  by  a simple breakage reunion even t  w i th in  
the  cen t romere  itself, or else is due to  fusion be tween  2 
eroded cent romeres .  The resul ts  of our C-banding  analysis  
(figure 5), by  following the  t echn ique  suggested b y  Sumner  
and  E v a n s  ~, and  the  absence of any  minu te s  or a n y  
s u p e rn u mera ry  like e lements  are also in s u p p o r t  of th is  
view. 
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O n  the l oca t ion  of the t e t rapyrro l e  m a c r o c y c l e  of c h l o r o p h y l l  a in p h o s p h o l i p i d  ves i c l e s  and in 
h e x a d e c a n e  
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Summary. The s ta te  of chlorophyl l  a in phospha t idy lcho l ine  vesicles was examined .  The results  indicate  t h a t  the  
chlorophylls  are p resen t  in monomer ic  form. A kinetic s t u d y  of chlorophyl l  reac t ions  wi th  K2S208 and p iper id ine  
showed t h a t  these subs tances  reac t  wi th  the  po rphyr in  rings of p igments  located on b o t h  vesicle faces, mos t  p r o b a b l y  
wi thin  the  polar  headgroup  region. 

Artificial  m e m b r a n e s  conta in ing  chlorophyl l  have  been 
used as models  for the  s t u d y  of pho to syn the s i s2 -4  Since 
the  m e m b r a n e s  reproduced  cer ta in  spectroscopic  charac-  
ter is t ics  and pho tochemica l  react ions  of in vivo systems,  
inves t iga t ions  were unde r t aken  towards  the  e lucidat ion 
of the  chlorophyl ls  a r r a n g e m e n t  in the  lipid layers.  
S t e inemann  et  al. ~ repor ted  the  p repa ra t ion  of a lipid 
bi layer  (BLM) conta in ing  chlorophyl l  a (Chl-a) and sug- 
gested t h a t  the  p igments  are localized on bo th  m e m b r a n e  
faces wi th  the  t e t r apyr ro le  macrocycle  e i ther  a) in the  2 
membrane - so lu t ion  interfaces  in con tac t  w i t h  the  aqueous  
phase,  or b) inser ted  into the  phosphol ip id  core. The loca- 
t ion of Chl-a in a bi layer  as it  is p red ic ted  by  the  first  
model  is t h e r m o d y n a m i c a l l y  uns table .  I t  suffices to note  
t h a t  one edge only of the  macrocycle  (figure 1) m a y  even- 
tua l ly  have  con tac t  w i t h  a layer  of wate rK 
Recent ly ,  a spin label s t u d y  of 0 t t m e i e r  et  al. 7 on chloro- 
phyl l -conta in ing  phosphol ip id  vesicles favoured  the  pres-  

ence of Chl-a p o r p h y r m  wi th in  the  polar  h e a d g r o n p  
region;  and K a t z  e t  alY r emarked  t h a t  the  bes t  locat ion 
for a n t e n n a  and special pai r  chlorophyl l  aggregates  in the  
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