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eveI1 af ter  r epea ted  electrophoresis  of the  same sample.  
F reeze - thawing  or s torage of the  serum over long per iods  
did no t  a l ter  the  p a t t e r n s  as r epor ted  in some o ther  
cases 5. 

CI~E?r 6, in a compara t ive  s t u d y  of e lec t rophore t ic  
p a t t e r n  of se rum prote ins  of several  amphib ians ,  found 
two serum a lbumin  bands  in a female R. esculenta. He 
analyzed only i frog serum and  no fu r the r  work  was 
unde r t aken  to  conf i rm p o l y m o r p h i s m  of th is  p ro te in  in 
th is  species. Some o ther  repor t s  on se rum pro te ins  of 
frogs always found  a single a l b u m i n  band,  whereas  
t rans fe r r in  was found to be po lymorph ic  in the  same 
species e, 7. The cons tancy  of the  specific p a t t e r n  of bands  
in several  runs  of t he  same sample,  even af ter  long 
s torage and  f reeze- thawing,  and  the  f ind ing  of a given 
p a t t e r n  in n u m b e r  of organisms,  s t rongly  indica tes  t h a t  
we are no t  deal ing wi th  an ar t i fac t  p roduced  dur ing 
serum process ing or electrophoresis .  However ,  the  pa t -  
t e rns  are too compl ica ted  to  give an easy in t e rp re t a t i on  

depending  on the  p h e n o t y p e  alone. F u r t h e r  genet ic  and  
b iochemica l  s tudies  are needed to  elucidate the  na tu re  of 
these  bands .  I t  is p robable  t h a t  there  are several  alleles 
producing  serum a lbumin  in these  frogs which differ  
only s l ight ly in e lec t rophore t ic  location, and since it is 
well es tabl ished t h a t  a lbumin  has no q u a r t e r n a r y  struc~ 
ture, the  mul t ip le  bands  specific to each p a t t e r n  are 
p robab ly  due to t he  b ind ing  of the  slnaller molecular  
subs tances  to the  di f ferent  allelic products .  I t  would also 
be in te res t ing  to  see if the  frogs of th is  species f rom o ther  
locat ions have  the  same p a t t e r n  of a lbumin  bands  or 
w h e t h e r  these p a t t e rn s  are inf luenced by  local environ-  
men ta l  condit ions.  

Zusammen[assung. Elek t rophore t i sche  Un te r suchungen  
der  Serumprote ine  yon  Rana tigrina ergaben verschie-  
dene B a n d e n m u s t e r  des Albumins .  Die genet isch-bio-  
chemische 13edeutung dieser mul t ip len  t3anden wird  
diskut ier t .  
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Fig. 2. Disc electrophoretic patterns of serum albumin bands of 
R. tigrina. 3 Exl serum sample was applied in each case. The variation 
in the stain intensity, however, is due to variable protein content in 
the sera of these frogs. 
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Adenosine Deaminase  Activity in Livers of Congenitally Athymic Nude Mice 

Congenital  defects  of i m m u n i t y  in man  are d iv ided  
in to  3 groups in which  the  causal  factors  are different .  
These are pure  defects  of T - l y m p h o c y t e  funct ion,  
abnormal i t ies  of immunoglobu l in  synthes is  and a com- 
b ined  defect  of bo th  cellular and humora l  immuni ty .  A 
severe form of combined  immunodef ic i ency  in m a n  
recen t ly  has been associated wi th  a def ic iency of ade- 
nosine deaminase  (ADA), EC 3.5.4.4 in all t issues s tudied,  
including red cells, lymphocy tes ,  liver, and f ibroblas t  
cul tures  1-3 This  enzyme  funct ions  in the  ca tabol i sm of 
nucleic acids by  ' sa lvaging '  adenosine  t h rough  dental-  
ha t ing  i t  to  inosine. In  the  human ,  var ious  ' t issue 
specific '  i sozymes of A D A  have  been described.  The red 
cell enzyme is po lymorph ic  and  is also the  ma jo r  isozyme 

Mean deaminase activity of liver extracts 

Mice ~ ~zmoles NHa/mg protein Exmoles NH~/g liver 

Normal (4) 0.542 ~= 0.096 1.440 i 0.167 
'Nude' (7) 0.453 • 0.061 1.516 -4- 0.397 
t 1.702 0.327 
P 0.13 0.75 

These mice were the progeny of matings between heterozygous 
parents, 1 of which was partially backcrossed to strain C57/B1, and 
the other, Balb/e. Ammonia evolved from adenosine during the 
incubation with liver extracts was determii~ed according to the 
method of SELIGSON and Si~LIGSONS,as described in the text under 
Materials and Methods. Adenosine deaminase activity is expressed 
in ~zmoles ammonia released in 30 rain at 37 ~ 

in Iymphocytes .  HIRSCtIHORN and  BERATIS4 have  
p resen ted  evidence t h a t  ADA is the  p roduc t  of a single 
genet ic  locus and the  various t issue isozymes are the  
result  of pos t - t r ans la t iona l  modif ica t ions  of ADA. These 
a l tera t ions  in ADA are p robab ly  due to t issue specific 
convers ion factors  5. 

Nude  mice are homozygous  for a m u t a t i o n  in the  7th 
l inkage group and  are charac ter ized  by  deficient  t h y mic  
deve lopmen t  and a cellular and  humora l  immuno-  
deficiency6, L The associat ion be tween  ADA deficiency 
and  combined  immunodef ic iency  syndrome  in m a n  
p r o m p t e d  a s tudy  of ADA activit~r ill individual  livers of 
immunodef ic ien t  nude  mice and  the i r  normal  l i t t e rmates .  

Materials and methods. Outbred  nudes  and the i r  normal  
l i t t e rma tes  were used th roughout .  These mice were tile 
p rogeny  of rant ings be tween  he terozygous  parents ,  one 
of which  was par t ia l ly  backcrossed to  s t ra in  C57/B1, and 
the  other,  Balb/c.  Dissected livers f rom 7 nude  and  
4 normal  mice, age 5 to 7 weeks, were weighed and 
homogenized  ill a 0.25 M sucrose wi th  0.01 21/I MgC12 
solution.  The homogena te  was centr i fuged at  13,000 g 
for 20 rain in a ref r igera ted  centrifuge.  The supe rna t an t s  
were s tored at  - -20~  and a l iquots  were t a k e n  for 
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pro te in  and  enzyme de te rmina t ions .  0.1 ml of a s tock 
adenosine  solut ion (50 gmoles adenos ine /ml  H20), 
0.15 ml of a 0.1 M po tas s ium p h o s p h a t e  buffer  p H  7.4, 
and 0.1 ml of H20 were incuba ted  for 30 rain a t  37~ 
wi th  0.3 ml  of the  supernate .  Ammon ia  released f rom 
adenosine by  deamina t i on  was de t e rmined  by  the  
me thod  of SELmSON and  SELmSON s. P ro t e in  concen- 
t ra t ions  in the  superna tes  ranged f rom 12.5 to  18.9 
mg/ml  9. 

Results and discussion. As shown in the  Table, easily 
measurable  levels of ADA ac t iv i ty  were found  in each 
individual  l iver ext rac t .  No signif icant  differences in th is  
enzyme  ac t iv i ty  were found be tween  geno types  of 
animals  of ages less t h a n  2 months .  These f indings  
indicate  t h a t  the  immunologica l  i m p a i r m e n t  in nude  
mice is no t  associated wi th  ADA deficiency and is not  a 
model  for th is  form of h u m a n  combined  immunologica l  
deficiency disease, Gross examina t ion  of the  l iver samples  
showed no not iceable  abnormal i t ies .  Microscopy per- 
formed on the  livers t aken  f rom nudes  of t he  same age 

s D. SELIGSON and H. SELIGSON, J. Lab. olin. Med. 38, 324 (1951). 
O. H. LowRY, N. J. ROS~BROUGH, A. L. FARR and R. J. RANDALl., 
J. biol. Chem. 793, 265 (1951). 

10 ]~. M. PANTELOURIS al~d P. N. MACMENA.MIN, Comp. Biochem. 
Physiol. dSB, 967 (1973). 

ii This work was supported by rescrch grants No. GM 15508 and 
No. AM 14528, from the U.S. Public Health Service. S.I.D. and 
T.J.R. are Medical Scientist Trainees supported by No. GM 1668. 
R.P.C. is a Career Scientist of the Health Research Council of the 
City of New York. 

raised under  ident ical  condi t ions  did no t  show necrot ic  
foci wi th  g ranu locydc  inf i l t ra t ion  t h a t  have  been observed 
in livers of older animals.  I t  is n o t e w o r t h y  t h a t  PANTE- 
LOURIS and ~]V~ACMENAMIN 10 h a v e  repor ted  an increase in 
L-tryosine and L-glutamine acid decarboxylase  ac t iv i ty  
in. the  livers of nude  mice greater  t h a n  2 m o n t h s  of age to. 
However ,  adul t  nude  mice have  a h igh  incidence of 
liver disease and the  repor ted  enzyme differences in 
older mice m a y  be due to hepa t i c  pa tho logy  r a the r  t h a n  
re la ted  di rec t ly  to the  m u t a t i o n h  In  any  case, mice wi th  
a selective deficiency in cellular and humora l  i m m u n i t y  
have  ADA ac t iv i ty  t h a t  is s imilar  to  the i r  immunolo-  
gically in tac t  l i t t e rmates .  

Rdsumd. Une Iorme de maladie  humaine  d ' i m m u n o -  
insuffisance grave combin6e est  associ~e g u n e  insuffisance 
d 'ad6nosine  d@aminase dans  les cellules de l y mp h e  et  
darts d ' au t res  t issus c o m p r e n a n t  le foie, la ra te  et  les 
6ry throcytes  des cul tures de f ibroblas tes  de la peau. Un  
modgle animal  d ' immuno- insuf f i sance  combin6e a 6t6 
r6cememt  cr66 dans  une race de souris sans poils. Nous 
avons mont r6  que chez ces souris i m m u n o l o g i q u e m e n t  
d6ficientes l 'ac t iv i t6  de l ' ad6nosine-d6aminase  est  nor- 
male. 
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Inter-Specific Relationships of Leiopelma (Amphibia: Anura): Further Karyological Evidence 

The genus Leiopelma, because of its long per iod of 
geographical  isolat ion and  its r e ten t ion  of a re la t ively  
large n u m b e r  of p r imi t ive  ana tomica l  and morphological  
character is t ics ,  is of general  biological  in te res t  and 
evo lu t ionary  impor tance .  A m o n g  the  m a n y  ques t ions  
sur rounding  the  genus are those  concerning its degree of 
af f in i ty  wi th  t he  Nor th  Amer ican  amphicoelous  frogs 
of the  genus Ascaphus Stejneger  and  the  inter-specif ic  
re la t ionships  wi th in  the  genus Leiopelma itself. The p re sen t  
karyological  inves t iga t ion  was u n d e r t a k e n  in the  hope  
t h a t  it  would assist  in t axonomic  clarif icat ion.  

Arm ratios, centromere indices and relative length s of chromosomes 
of L. hamiltoni 

Pair No. Arm ratios �9 Centromere indices ~ Relative lengths 

1 1.18 =~ 0.05 45.86 ~- 1.14 1.00 
2 2.12 J= 0.18 31.74 j= 0.37 0.87 ~ 0.02 
3 1.13 i 0.02 46.86 4- 0.58 0.89 4- 0.02 
4 1.16 =~ 0.03 46.41 ~= 0.53 0.81 4- 0.02 
5 2.81 4- 0.08 26.37 4- 0.54 0.69 i 0.02 
6 1.22 =~ 0.04 45.00 =t= 0.75 0.50 j= 0.01 
7 1.19 ~ 0.02 45.72 • 0.41 0.43 nk 0.01 
8 1.03 4- 0.02 49.20 -4- 0.34 0.39 -E 0.01 
9 0.29 4- 0.01 

Mean 4- standard error. Figures are based on measurements from 
10 metaphase spreads. Lengths have been calculated i~a relation to the 
length of the longest pair. The chromosomes are shown in the same 
order as in Figure 2. 

IVIoRESCALCHI 1 f i rs t  descr ibed the  chromosomes  of 
Leiopelma hochstelteri Fitz inger ,  the  mos t  widely  distr i-  
bu ted  species of the  sole endemic  New Zealand genus of 
frogs, f rom 2 female specimens.  Bo th  of these  had  5 pairs  
of me tacen t r i c  or submetacen t r i c  ch romosomes  and 6 
smaller  pairs of acrocentr ics  but,  in addi t ion  to th is  basic 
complemen t  of 22, the  ka ryo type  of 1 specimen included 
12 mic rochromosomes  while the  o ther  had  only one. Later ,  
the  p resen t  au thors  ~ d e m o n s t r a t e d  t h a t  the  microchromo-  
somes of L. hochstetteri appear  to  func t ion  as supernumer-  
aries and  t h a t  t h e y  show considerable  individual  var ia t ion 
in n u m b e r  and m a y  even be absent .  

The ka ryo type  of a second species, L. archeyi Turbo t t ,  
was concur ren t ly  descr ibed 2 f rom 2 female specimens.  
The to ta l  ch romosome n u m b e r  was 18 and only the  
smal les t  pair  was acrocentric.  No microchromosomes  were 
present .  

Unt i l  now, the  ka ryo type  of the  th i rd  k n o w n  species, 
L. hamiltoni MCCULLOCH, has no t  been  described.  The 
occurrence of L. hamiltoni was originally r epor ted  from 
Stephens  Is land in Cook St ra i t  a where  the  frog has 
an ex t remely  res t r ic ted  d i s t r ibu t ion  *. In  1957, ano the r  
popula t ion  of animals  resembl ing  L. hamiltoni was 
discovered on Maud Is land  ill Pelorus  Sound ~ and the  
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