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Pseudomosaicism in Acatalasemic Red Cells Visualized by Fluorescent Antibody Technique 

E v i d e n c e  ha s  been  o b t a i n e d  t h a t  res idua l  ca ta lase  
ac t i v i t y  in  b lood of i nd iv idua l s  h o m o z y g o u s  for aca- 
t a l a semia  is due to t he  presence  of a n  u n s t a b l e  e n z y m e  
v a r i a n t  1,~. B y  m e a n s  of a mod i f i ca t i on  of t h e  s t a in ing  
t e c h n i q u e  of KLEIHAUER and  BXTKE~, i t  could  be  de- 
m o n s t r a t e d  t h a t  t he  d i s t r i b u t i o n  of th i s  res idua l  a c t i v i t y  
is uneven ,  i n a s m u c h  as a smal l  n u m b e r  of red cells 
(about  1%) a p p a r e n t l y  has  n o r m a l  ca ta lase  ac t iv i ty .  
F r a c t i o n a t i o n  of e r y t h r o c y t e s  in a 20% a l b u m i n  so lu t ion  
has  revea led  t h a t  those  cells showing  a p p a r e n t l y  n o r m a l  
ca ta lase  a c t i v i t y  are m a i n l y  found  in t he  leas t  dense  
fract ion,  i.e. a m o n g  t he  young  red  cells. However ,  th i s  
t e c h n i q u e  does n o t  p e r m i t  a q u a n t i t a t i o n  of t h e  f indings  
because  t he re  is a t h re sho ld  p h e n o m e n o n .  Therefore ,  i t  
was felt  des i rable  to  co r robora t e  th i s  obse rva t i o n  b y  
m e a n s  of t he  f luorescent  a n t i b o d y  t echn ique .  This  m e t h o d  
has  p rev ious ly  been  used for s t u d y i n g  t h e  d i s t r i b u t i o n  
of o the r  red  cell an t igens  such  as H b F  ~. A l t h o u g h  only  
a n  a n t i s e r u m  aga ins t  n o r m a l  h u m a n  red  cell ca ta lase  
was avai lable ,  th i s  s t u d y  seemed feasible  because  of the  
p rev ious  f ind ing  t h a t  t he re  a p p a r e n t l y  is comple t e  an t i -  
genic i d e n t i t y  b e t w e e n  t h e  n o r m a l  e n z y m e  a n d  i ts  un-  
s t ab l e  v a r i a n t  ~, ~, ". 

Methods. For  i m m u n i z a t i o n  h u m a n  e r y t h r o c y t e  ca ta lase  
isola ted b y  t he  m e t h o d  of HERBERT a n d  PI2;SENT was 
usedL The  p r e p a r a t i o n  o b t a i n e d  h a d  a K a t  f va lue  of 
60,000. R a b b i t s  were i m m u n i z e d  b y  f ive i ml  in t r a -  
de rma l  in jec t ions  of 5 m g  ca ta lase  in F r e u n d ' s  comple te  
a d j u v a n t ,  g iven  in weekly  in te rva l s .  Before  f luorochrome  
conjuga t ion ,  the sens i t i v i ty  a n d  speci f ic i ty  of t he  an t i -  
ca ta lase  sera were a sce r t a ined  b y  the  cap i l l a ry  p rec ip i t in  
r ing  m e t h o d  and  OUCHTERLON~'S doub le  d i f fus ion test .  
The  t e c h n i q u e  used for f luo rochrome  con juga t i on  has  
been  descr ibed  in de ta i l  e lsewhere s,9. 

Fract ional ion o/ red cells. A b o u t  12 ml  of ACD-blood  
was cen t r i fuged  a t  2800 g for 1 h a t  4~ Se rum was 
r e m o v e d  and  buffered sal ine added  to the  s e d i m e n t e d  
cells. Af te r  mix ing  t h e y  were cen t r i fuged  a t  1000 g for 
15 min.  Buf fy  coat  was removed ,  buf fe red  sal ine added  

to  t h e  s e d i m e n t e d  cells an d  t h e  t u b e  cen t r i fuged  a t  2800 g 
for 1 h. Af te r  r e m o v a l  of t h e  s u p e r n a t a n t  t h e  s e d i m e n t  
was suspended  in twice  t h e  vo lume  of 20~ h u m a n  a l b u m i n  
solut ion.  Th i s  suspens ion  was cen t r i fuged  a t  2800 g for  
2 h a t  4~ T h e n  successive layers  were r e m o v e d  f rom 
t h e  t u b e  accord ing  to  t h e  t e c h n i q u e  of SASS et  al. 1~ The  
red  cell f r ac t ions  were washed  4 t imes  w i t h  buf fe red  sal ine 
an d  suspended  in a n  equa l  vo lume  of t h e  or ig ina l  se rum.  
F r o m  each  I l a c t i on  t h i n  smears  were p repared ,  dr ied  a t  
r oom t e m p e r a t u r e  a n d  f ixed w i th  ace tone  for  5 min.  The  
f tuorochrome  c o n j u g a t e  was appl ied  to  t h e  smears  as 
descr ibed p rev ious ly  s. The  pe rcen t age  of ca ta lase  pos i t ive  
ceils was  o b t a i n e d  b y  c o u n t i n g  t h e  ceils exe r t i ng  i n t ense  
f luorescence o u t  of a t o t a l  of 1000 cells on  p h o t o mi c ro -  
graphs .  W i t h  a s imi la r  p rocedure  the  H b F  s t a in ing  a n d  
c o u n t i n g  was p e r f o r m e d  as desc r ibedS  

Results.  I n  order  to  es tab l i sh  t h e  v a l i d i t y  of t h e  f luor-  
escent  a n t i b o d y  t e c h n i q u e  for s t u d y i n g  ca ta lase  d i s t r ibu-  
t ion  in a red  cell popu la t ion ,  e x p e r i m e n t s  on  ar t i f ic ia l  
m i x t u r e s  of ceils of d i f fe ren t  ca ta lase  level  were per-  
formed.  The re  is on ly  l i t t l e  f luorescence in m a t u r e  red  
ceils of aca t a l a semic  indiv iduals ,  b u t  a n  in t ense  f luores-  
cence in n o r m a l  h u m a n  red  cells. W h e r e a s  a s h a r p  con-  
t r a s t  can  be  seen in m i x t u r e s  of a ca t a l a s emi c  cells a n d  
those  of he te rozygotes ,  t he re  is only  l i t t le  d i f ference in 
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Fig. 1. Blood smears treated with fluorescent anti-human eryth- 
roeyte catalase. Blood of Paut G., homozygous for aeatalasia. Left: 
top fraction containing fluorescent ( - c a t a l a s e  positive) ceils in 
high proportion (6.5%), the intensity however varying considerably. 
Right: bot tom fraction; fluorescent cells are seen only excep- 
tionally (0.3%). 
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Fig. 2. Correlation between the number of fluorescent (= catalase 
positive) cells and the retieulocyte count in erythrocyte fractions 
of varying density. Analysis of one homozygote each of the 3 Swiss 
type acatalasia families: �9 Andreas B.; �9 Marianne V.; �9 Paul G. 
For comparison the result of an analogous experiment performed 
with anti-Hb F (Z;, Paul G.) has been included. 
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f luorescence i n t e n s i t y  b e t w e e n  n o r m a l  a n d  he te rozygous  
cells. 

I n  b lood  of i nd iv idua l s  h o m o z y g o u s  for a c a t a l a s e m i a  a 
p seudomosa ic i sm can  be  obse rved  (Figure  1), s imi la r  to  
t h a t  seen b y  a p p l y i n g  t he  e lu t ion  t e c h n i q u e  3. However ,  
us ing  th i s  procedure ,  i t  becomes  e v i d e n t  t h a t  t h e  ca ta lase  
pos i t ive  cells do no t  r e p r e s e n t  a un i f o r m  en t i ty ,  b u t  seem 
to  be  composed  of va r ious  s tages  of i n t e r m e d i a t e  fluores- 
cence in tens i ty .  I n  t o t a l  b lood  t he  n u m b e r  of t luorescen t  
( =  ca ta lase  posi t ive)  cells va r ies  be t w een  1 - 2 % ,  a f igure 
wh ich  is s l igh t ly  h igher  t h a n  t h a t  p rev ious ly  o b t a i n e d  
us ing  t he  BETKE s t a in ing  t e c h n i q u e  (0 .5-1 .0%) 3. Frac-  
t i o n a t i o n  e x p e r i m e n t s  h a v e  revea led  t h a t  t he  n u m b e r  of 
ca ta lase  pos i t ive  cells, as v isua l ized  b y  f luorescent  an t i -  
ca ta lase ,  s tead i ly  decreases  f rom t he  t op  to the  b o t t o m  
frac t ion.  As shown in F igure  2, in each  f r ac t ion  a correla-  
t i on  be tween  t he  f luorescen t  cell c o u n t  and  t he  n u m b e r  
of re t icu locytes  is found.  H o w e v e r ,  t h r o u g h o u t  th i s  s t u d y  
t he  n u m b e r  of ca ta lase  pos i t ive  cells has  b e e n  found  to 
be  s l ight ly  h ighe r  t h a n  t h e  re t i cu locy te  count .  Members  
of all  3 Swiss a c a t a l a s e m i a  famil ies  ( type III) h a v e  been  
i nves t i ga t ed  3. T h e y  all  led to  s imi la r  results .  This  pro- 
cedure  of local iz ing ca ta lase  in  single cells was  c o m p a r e d  
w i t h  a n  ana logue  t e c h n i q u e  v i sua l iz ing  a n o t h e r  red cell 
cons t i t uen t .  Fo r  th i s  pu rpose  H b F  was s t a ined  w i t h  a 
specific f luorescent  a n t i b o d y .  T he  pe rcen t age  of t he  H b F -  
pos i t ive  cells r e m a i n s  cons t an t ,  whereas  a s t e a d y  decrease  
in t he  n u m b e r  of f luorescent ,  ca ta lase  pos i t ive  cells is 
obse rved  f rom the  t op  to  t h e  b o t t o m  frac t ion.  

The  u n e v e n  d i s t r i b u t i o n  of res idua l  ca ta lase  a c t i v i t y  
p rev ious ly  found  w i t h  t he  e lu t ion  m e t h o d  is conf i rmed  
w i t h  t he  f luorescent  a n t i b o d y  t echn ique .  However ,  t he  
i d e n t i t y  of ca ta lase  pos i t ive  cells a n d  re t icu locytes  c a n n o t  
be  proved .  The  f indings  r epo r t ed  are  cons i s t en t  w i t h  t he  

h y p o t h e s i s  t h a t  t he  low level  of ca ta lase  a c t i v i t y  ( ~  1%) 
in b lood of homozygo t e s  is due  to  t he  syn thes i s  of a n  
u n s t a b l e  e n z y m e  va r i an t .  A f inal  p roof  of t h i s  concep t  
will  on ly  ar ise  f rom a s t r u c t u r a l  ana lys i s  of t he  ca ta lase  
v a r i a n t  n .  

Zusammen]assung. I m  B l u t a u s s t r i c h  lassen sich E ry -  
t h r o z y t e n  v o n  n o r m a l e m  u n d  solche yon  s t a r k  v e r m i n -  
d e r t e m  K a t a l a s e g e h a l t  d u r c h  V e r w e n d u n g  yon  fluores- 
z ie render  A n t i k a t a l a s e  un te r sche iden .  Mi t  dieser  Me thode  
k o n n t e  der  f r i iher  e rhobene  Befund ,  w o n a c h  bei  homo-  
zygo ten  Tr / igern  des E n z y m d e f e k t e s  Aka ta la s i e  ein 
P s e u d o m o s a i z i s m u s  bes teh t ,  best~Ltigt werden .  Bei  der  
U n t e r s u c h u n g  v o n  E r y t h r o z y t e n f r a k t i o n e n  ve r sch iedene r  
D ich te  b e s t e h t  eine Kor re l a t i on  zwischen  der  Anzah l  
R e t i k u l o z y t e n  u n d  f luoresz ie render  Zellen. Dieser  B e f u n d  
pas s t  zur  A n n a h m e ,  dass  es sich bei  de r  K a t a l a s e r e s t a k t i -  
v i t i i t  im  B l u t  h o m o z y g o t e r  Defekttr~iger  u m  eine ins ta -  
bile, j edoch  a n t i g e n i d e n t i s c h e  E n z y m v a r i a n t e  hande l t .  
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Karyotypic Data for Five Species of Anguid Lizards 

McDOWELL and  BOGERT I def ined an  in f ra -o rde r  of 
l izards,  t he  A n g u i m o r p h a ,  w i t h  2 m a j o r  phy le t i c  b ranches ,  
t he  Diploglossa wh ich  r e t a i n e d  t h e  more  usual  and  
p r e s u m a b l y  more  p r i m i t i v e  charac te r s ,  a n d  t he  P l a t y n o t a .  
Diploglossa  includes  t h e  wide-spread  a n d  species-r ich 
Anguidae ,  cons idered  to  be  t he  m o s t  p r i m i t i v e  family,  
a n d  2 o the r  smal l  e x t a n t  families.  Three  subfami l ies  of 
Angu idae  are recognized1:  Diploglossinae,  p r e s u m a b l y  
t h e  m o s t  p r i m i t i v e ;  Ge r rhono t inae ,  whose  ances t ry  is 
p r o b a b l y  der ived  f rom a p r i m i t i v e  diploglossine;  and  
A n g u i n a e  wh ich  is cons idered  close to  a n d  der ived  f rom 
Ger rhono t inae .  The  Ge r rhono t inae ,  con t a in ing  Gerrho- 
notus a n d  Ophisaurus, show a g rea t  deal  of c h r o m o s o m e  
v a r i a t i o n  2. W e  k n o w  of no  p rev ious  c h r o m o s o m e  d a t a  
for t h e  neo t rop ica l  Diploglossinae.  

P rev ious  t a x o n o m i c  s tud ies  on  A m e r i c a n  ge r rhono t ine  
l izards,  exc lud ing  Ophisaurus, a p p e a r  to  conflict .  TIHEN 3 
d iv ided  t h e  group  in to  5 genera :  Gerrhonotus was mono-  
typ ic  (G. liocephalus) ; Elgaria inc luded  t he  species coeru- 
lea, multicarinata, cedrosensis, kingi, a n d  paucicarinata, 
d i s t r i b u t e d  in Mexico a n d  t h e  wes t e rn  a n d  s o u t h w e s t e r n  
U n i t e d  S ta te s ;  a n d  Barisia was compr i sed  of 9 species 
( inc luding monticola) t h a t  occur  in  Mexico and  Cent ra l  
America .  STEBBINS4 r e - e x a m i n e d  t h e  species t h a t  TIHEN 
ass igned to  Elgaria, Barisia, a n d  Gerrhonotus, a n d  recom-  
m e n d e d  t he  recogn i t ion  of a s ingle genus  Gerrhonotus w i t h  
2 subgene ra :  Gerrhonotus ( inc luding liocephalus, multicari- 
natus, cedrosensis, kingi, a n d  paucicarinatus) a n d  sub-  
genus  Barisia ( inc luding coeruleus of wes t e rn  N o r t h  

America ,  monticolus of Costa  Rica,  a n d  7 o t h e r  Mexican  
a n d  Cen t ra l  A m e r i c a n  species). A r ecen t  osteological  
s t u d y  b y  CRILEY 5 failed to conf i rm e i the r  of these  al ter-  
n a t i v e  classif icat ions.  There  were few cons i s t en t  differ- 
ences a m o n g  a n y  ot the  ge r rhono t i ne  l izards.  W e  s tud ied  
4 species of Gerrhonotus and  Diploglossus costatus to  
d e t e r m i n e  if c h r o m o s o m e  d a t a  would  be  useful  in clari- 
fy ing  the  r e l a t ionsh ips  of these  angu id  l izards.  

Mito t ic  a n d  meio t ic  c h r o m o s o m e  spreads  were ob t a ined  
f rom d i rec t  tes t i s  p r e p a r a t i o n s  ~ of 2 G. multicarinatus 
multicarinatus f rom N a p a  County ,  California,  4 G. coeru- 
leus principis f rom H u m b o l d t  County ,  California,  2 G. 
monticolus t a k e n  nea r  t he  s u m m i t  of Volcan  I razu,  Costa  
Rica,  and  4 G. paucicarinatus f rom nea r  L a  Paz,  B a j a  
California,  D. costatus is a l ive bea r i ng  species. A p r e g n a n t  
female  of t h e  subspecies  oreistes, col lected nea r  Kenscoff,  
Hai t i ,  was i n j ec t ed  w i t h  Colcemid (Ciba, 0.2 ml  of 1 m g / m l  
solut ion)  24 h before  sacrifice. Two s ib l ing  e m b r y o s  were 
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