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An Inherited Glutathione Def ic iency and a Concomi tant  Reduct ion in P o t a s s i u m  Concentrat ion in 
S h e e p  R e d  Ce l l s  

SMITH a n d  OSBURN 1 f o u n d  t h a t  in  a f l ock  of  104 s h e e p  
t h e  r e d u c e d  g l u t a t h i o n e  (GS H)  l eve l s  in  t h e  r e d  cells  of  
3 i n d i v i d u a l s  we re  less  t h a n  2 0 %  of t h e  m e a n  of  t h e  r e s t .  
T h e y  s u g g e s t e d  t h a t  t h i s  d e f i c i e n c y  m i g h t  be  g e n e t i c a l l y  
c o n t r o l l e d .  T h i s  p a p e r  p r e s e n t s  t i le  r e s u l t s  o f  a s t u d y  of  
t h e  b lood  G S H  leve l s  in  6 d i f f e r e n t  b r e e d s  of  s h e e p  a n d  
c o n f i r m s  t h e  e x i s t e n c e  of low G S H  c o n c e n t r a t i o n s  in  t h e  
r ed  cells o f  s o m e  i n d i v i d u a l s .  E v i d e n c e  is p r e s e n t e d  t h a t  
t h e  d e f i c i e n c y  is i n h e r i t e d  a n d  a l so  t h a t  s h e e p  h o m o z y g o u s  
for  t h e  g e n e  r e s p o n s i b l e  h a v e  lower  t h a n  n o r m a l  r ed  cell 
p o t a s s i u m  c o n c e n t r a t i o n s .  

B l o o d  s a m p l e s  we re  co l l ec t ed  i n t o  h e p a r i n  b y  j u g u l a r  
v e n e p u n c t u r e  f r o m  a t o t a l  of  427 s h e e p .  T h e y  we re  a l w a y s  
t e s t e d  w i t h i n  24 h of co l l ec t i on  a n d  in  m o s t  c a s e s  w i t h i n  
6 h .  W h o l e - b l o o d  G S H  w a s  m e a s u r e d  (in a U n i c a m  S P S 0 0  
s p e c t r o p h o t o m e t e r )  u s i n g  t h e  D T N B  (5 ,5~ -d i t h i ob i s - (2  - 
n i t r o  b e n z o i c  ac id ) )  m e t h o d  ~-. T h e  c o n c e n t r a t i o n  of G S H  
p e r  100 m l  p a c k e d  r ed  cel ls  w a s  c a l c u l a t e d  f r o m  t h e  
w h o l e - b l o o d  h a e m a t o c r i t  v a l u e s .  

T a b l e  I s h o w s  t h e  O S H  c o n c e n t r a t i o n s  in  t h e  6 dif-  
f e r e n t  b r e e d s  o f  s h e e p .  I n  t h e  F i n n i s h  L a n d r a c e  b reed ,  a 
d i s t i n c t l y  b i - m o d a l  d i s t r i b u t i o n  of  G S H  v a l u e s  w a s  f o u n d .  
T h o s e  s h e e p  w i t h  G S H  v a l u e s  b e l o w  55 r a g / 1 0 0  m l  r ed  
cel ls  we re  c l a s s i f i ed  as  G S H  low t y p e ,  a n d  t h o s e  a b o v e  
t h i s  v a l u e  as  G S H  h i g h  t y p e .  25~ of  t h e  F i n n i s h  L a n d r a c e  
s h e e p  we re  of  G S H  low t y p e ,  O n e  i n d i v i d u a l  S o a y  a n d  
2 M e r i n o  c ro s s  s h e e p  were  a l so  G S H  low t y p e ,  o t h e r w i s e  

t h e  s h e e p  of  t h e  o t h e r  b r e e d s  we re  G S H  h i g h  t y p e s .  T h e  
m e a n  G S H  v a l u e  for  h i g h  t y p e  F i n n i s h  L a n d r a c e  s h e e p  
w a s  h i g h e r  t h a n  t h a t  in  t h e  o t h e r  b r e e d s .  

T a b l e  I I  s h o w s  t h e  b r e e d i n g  d a t a  for  t h e  F i n n i s h  
L a n d r a c e  s h e e p .  T h e  r e s u l t s  a r e  in  a c c o r d  w i t h  t h e  h y p o -  
t h e s i s  t h a t  t h e  G S H  leve l s  a r e  c o n t r o l l e d  b y  a s i ng l e  p a i r  
of  a u t o s o m a l  a l le les ,  t h e  g e n e  for  h i g h  G S H  ( G S I t  H) b e i n g  
d o m i n a n t  to  t h a t  for  low (GSH;~). R e p e a t e d  m e a s u r e m e n t s  
f r o m  t h e  s a m e  i n d i v i d u a l s  s h o w e d  t h a t ,  in h e a l t h y  a d u l t  
s h e e p ,  t h e  G S H  v a l u e s  ( w h e t h e r  h i g h  or  low) d i d  n o t  
c h a n g e  a p p r e c i a b l y  o v e r  t h e  c o u r s e  of  12 m o n t h s .  

W h e n  t h e  r ed  cel ls  of  t h e  F i n n i s h  L a n d r a c e  s h e e p  w e r e  
t y p e d  for  p o t a s s i u m  ( L K  or  H K  t y p e  ~) i t  w a s  f o u n d  t h a t  
G S H  ~ t y p e  s h e e p  h a d  s i g n i f i c a n t l y  l ower  m e a n  r ed  cell  
p o t a s s i u m  v a l u e s  t h a n  d i d  G S H  H t y p e  s h e e p  ( T a b l e  I I I ) .  
T h e  s a m e  G S H / p o t a s s i u m  r e l a t i o n s h i p  w a s  a p p a r e n t  
w h e t h e r  t h e  p o t a s s i u m  c o n c e n t r a t i o n s  we re  r e l a t e d  to  
p a c k e d  cell  v o h m e s  o r  to  t h e  h a e m o g l o b i n  c o n c e n t r a t i o n  
of  t h e  s a m p l e .  P r e l i m i n a r y  s t u d i e s  a l so  i n d i c a t e  t h a t  t h e  
r e d  cell  s o d i u m  leve l s  a r e  l ower  t h a n  n o r m a l  in  t h e  G S H  ~ 
t y p e  s h e e p  a n d  t h i s  r a i s e s  t i le  p o s s i b i l i t y  t h a t  t h e  h i g h  
p o t a s s i u m  G S H  l t y p e  s h e e p  a re  t h e  s a m e  as  t h e  J p o t a s -  
s i u m  t y p e  s h e e p  p r e v i o u s l y  d e s c r i b e d  4. T h i s  is b e i n g  
i n v e s t i g a t e d .  

A d e f i c i e n c y  of  r ed  cell  G S H  h a s  b e e n  f o u n d  in  n l a n  5, 6 
a n d  t h i s  a l so  is i n h e r i t e d  a s  a n  a u t o s o m a l  r e c e s s i v e  d is -  
o r d e r  5. H o w e v e r ,  u n l i k e  t h e  s i t u a t i o n  in  m a n ,  t h i s  d e f e c t  

Table 1. Reduced glutathione (GSH) in the red cells of different breeds of sheep 

Breed High type 
No. of sheep Mean GSH • S.I). (S.F..) 

mg per 100 nd red cells 

l~ow type 
No. of sheep Mean GSH ~ S.1). (S.E,) 

rng per 100 ml red cells 

l;innish Landraee 109 96.65 % 21.87 (2.09) 
Clun l;orest 129 89.85 J__ 12,54 (1.10) 

Soay 1{){) 85.82 i 10.68 (1.06) 
Merino Cross 30 89.25 ~ 14.95 (2.72) 
Welsh Mountain 18 83.82 ~ 16.07 (3.78) 

Shetland 7 89.01 • 15.19 (5.74) 

31 31.07 q- 9.47 (1.70) 

0 
1 48.17 

2 19.46 

0 
0 

Table If. Inheritance data for reduced glutathione (GSH) types in 
Finnish Landrace sheep 

GSH type of parents No. and type 
of offspring 

Ram Ewe High Low 

Totals 

High(7) High{16) 45 8 53 
Low(4) High(l 1) 16 2 18 
High(4) Low(9) 9 14 23 
Low(2) Low(9) 0 18 18 

Presumed genotype 
Hh Hh 25 8 33 
Hh hh 9 14 23 
hh Hh 1 2 3 

Figures in parenthesis are the numbers of different individuals 
involved in the matings. The Hh genotypes were presumed on the 
basis that a GSH high type sheep was heterozygous if it had either 
a GSH low type parent or offspring. 

"Fable III. Red cell potassium concentrations in GSH high arid 
GSH low type sheep 

GSH High potassium type Low potassium type 
type No. K + raM~1 No. K + raM~1 

tested (mean ~ S.E.) tested (mean ~ S.I{.) 

High 31 86.38 -1_ 1.28 18 31.55 -L 1.24 
Low 22 72.09 -I 1.49 14 16.38 i 0.95 
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does no t  appear  to have  any  obvious deleter ious effect  on 
sheep, a l though expe r imen t s  in progress  indicate  t h a t  
GSH ~ type  sheep are more  prone  to kale anaemia  t h a n  are 
GSH H t y p e  individuals .  

Resumen.  Se medi6 g lu ta t ion  reducido (GSH) en 
gldbulos rojos de 427 ovejas  per tenec ien tes  a 6 razas 
diferentes .  25% de las ovejas  de raza  (~Finnish L a n d r a c e ,  
d ieron un contenido de G S H  de un tercio del valor  obteni-  
do en el resto. Datos  famil iares indican que es ta  deficien- 

cia es he redada  como un factor  autosdmico recesivo. E n  
las ovejas que t i enen  esta  deficiencia, la concent rac idn  
media  de potas io  en gldbulos rojos fu6 s igni f ica t ivamente  
menor  que la obse rvada  ell las ovejas  con niveles normales  
de GSH. 

ELIZABETH IV[. TUCKER and L. I{ILGOUR 

A . R . C .  Ins t i tu te  o/ A n i m a l  .physiology, 
Babraham, Cambridge (England), 10 October 1969. 

Interspec i f i c  Var iabi l i ty  of  D N A  Content  in A m p h i b i a  ~ 

Gene and  ch romosome  dupl ica t ions  are i m p o r t a n t  
mechan i sms  in the  evolut ion of pluricellular organisms.  
The dupl ica t ions  can be accompl ished  by  several  means,  
such as unequal  crossing-over  be tween  homologous 
chromosomes  dur ing meiosis, unequal  exchange of 
ch roma t ids  dur ing  mitosis,  r e d u n d a n t  dupl ica t ion  of 
DNA in cer ta in  regions of the  chromosomes ,  and poly- 
p lo idy  or polyteny.  

Higher  ve r t ebra tes  seem to be r emarkab ly  uni form in 
D N A  content .  Indeed,  the  class Mammal ia  as a whole, the  
class Aves, and  the  order  S q u a m a t a  exh ib i t  a lmost  un- 
va ry ing  DNA con ten t  values  e-5. 

However ,  among  p lan t s  and lower animals,  several  
cases of DNA increasing series have  been demons t ra t ed .  
Indeed,  the  anemone  p lan t s  of the  fami ly  Ranuncu-  
laceae ~, the  grasshoppers  of the  family  Acrididae 7, the  
te leost  fish of the  orders Pe rcomorph i  and H e t e r o s o m a t a  s, 
and  the  frogs of the  fami ly  Ran idae  9 have  s table  karyo-  
types  bu t  show increased DNA con t en t  values. Propor-  
t ional  increase of D N A  was  also d e m o n s t r a t e d  in the  
polyploid  amphib ians  of the  family  Cera tophryd idae  10 12. 
A t t e m p t s  to correlate  D N A  con ten t  of ver tebra tes ,  espe- 
cially amphib ians ,  w i th  evolut ion  pa t t e rn s  and  ecology 
have  recent ly  been made  19,14 

The presen t  paper  deals wi th  DNA con ten t  values of 
30 species of Salientia,  2 species of Caudata ,  and 1 species 
of Gymnophiona .  

Mater ia l  and methods. Smears  of air-dried blood were 
f ixed in neu t ra l  50% formol  for 1 min,  washed  in t ap  and 
dist i l led water ,  hydro lysed  in N HC1 a t  60 ~ and s ta ined 
in Feulgen.  20 blood smears  of a Bu/o  paracnemis  LuTz 
were  prepared,  air dried and  stored.  These slides were 
used as controls  for every  b a t c h  of specimens  to be 
s tained.  The DNA value of each species was always 
de t e rmined  in relat ion to  t h a t  of B.  paracnemis.  

The D N A  con ten t  was de t e rmined  15,16 wi th  the  histo-  
p h o t o m e t e r  of VIALLI and  PERUGINI17 (Fratell i  Koris tka ,  
I ta ly) .  The nuclei were enlarged to 1500 diameters ,  the  
area  of the  plug being more  or less 20% the  opt ical  area of 
the  nucleus. Generally, the  m e a n  of 3 plugs t h rough  the  
nuclear  area was used b u t  in some cases 4 to 6 measure-  
m e n t s  were made  of mater ia l  w i th  irregular  shaped  
ch romophore  masses.  For  each nucleus, a b lank  measure-  
m e n t  was made  and  the  ga lvanomete r  ad jus ted  to the  
value of 100. Each  absorp t ion  reading  of the  plus was 
g iven in % of the  s t anda rd  l ight  of the  blank.  A stabi l ized 
l amp wi th  an in ter ference  fi l ter  of 5400 ~ was used. 

Through  the  average de t e rmina t i on  of absorp t ion  for 
each nucleus, the  D N A  con t en t  was calcula ted according 
to  the  formula  D N A  = D 2 (2 - - log  In). D 2 = opt ical  
area of the  nucleus;  In  = value of the  absorpt ion ,  and 
2 -  log 100. For  each spec imen 25 measu remen t s  were 

ob ta ined  and  the  mean  (X), the  s t anda rd  devia t ion  (S), 
and  the  s t an d a rd  error of the  m e a n  (SE) calculated.  The 
over lapping  of segments  to  2 S E  indicates  roughly the  
significance of t he  differences be tween  the  two mean  
values a t  t he  level of _P ~ 0.05 is (Figure). 

In  the  Table  and  in the  Figure  the  DNA values were 
ad jus ted  for the  Feulgen ba ths ,  and  also expressed as % 
in p ropor t ion  to  m a m m a l  DNA measured  on lympho-  
cytes.  The blood was collected in hepar in ized  capil lary 
tubes  and  centr i fuged.  The tubes  were sect ioned at  t he  
leucocytes  s t ra te  level, smeared  on slides, dried,  fixed and 
Feulgen stained.  Bird l ymphocy te s  were also measured  
and compared  wi th  e ry th rocy tes  in t he  same smear.  

In  order  to compare  amph ib i an  DNA wi th  m a m m a l  
DNA content ,  we ad jus ted  m a m m a l  l ymphocy te  D N A  
values using a ra t io  be tween  l y m p h o c y t e  DNA and 
e ry th rocy te  DNA, de te rmined  in the  quail. 

In  the  species where more  t h a n  one specimen was 
analyzed,  t he  a r i thmet ic  mean,  t he  S, and the  SE are 
calculated f rom the  da ta  of all t he  specimens  together .  

1 This work was supported by PHS Grant No. GM-14577-03- 
NIGMS, by the CNPq and by the FPIB. Our thanks to Dr. L. D. 
VZZOTTO for eolleeting and classifying several specimens used in 
this work, as well as for the phylogenetieal approach. 
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