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Genet ic  Control  of an E s t e r a s e  of D i g e s t i v e  T r a c t  

This  r epo r t  ident i f ies  a pa i r  of c o d o m i n a n t  a u t o s o m a l  
alleles (a and  b) a t  a single genet ic  locus (Es-3) wh ich  
con t ro l  t he  e lec t rophore t i c  m o b i l i t y  of a soluble  es terase  
in  severa l  d iges t ive  t r a c t  t i ssues  of Rattus norvegicus. This  
es terase  does no t  a p p e a r  in  se rum or p l a s m a  as do two 
o the r  r a t  es terases  for wh ich  genet ic  loci h a v e  p rev ious ly  
been  ident i f ied  1, 2. 

Materials and methods. 164 a d u l t  r a t s  of an  o u t b r e d  
l a b o r a t o r y  colony were ki l led b y  ch lo roform and  20 m a j o r  
organs  a n d  t issues  excised i m m ed i a t e l y .  All  solid t i ssues  
were washed  in sal ine and  homogen ized  in an  equa l  
v o l u m e  of water .  P a r t i c u l a t e  m a t e r i a l  was  r e m o v e d  b y  
cen t r i f uga t i on  a t  30,000 • g tor  30 m i n  a t  4~ T he  super-  
n a t a n t  was s tored  at  --  20 ~ for up  to 6 weeks  u n t i l  t h e  
fol lowing e lec t rophore t i c  p rocedure  could be  pe r fo rmed  
on each  sample .  
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Esterase zymogram phenotypes from rat small intestine extracts. 
Slot 1: zymograms pattern, A; proposed genotype, Es-3a/Es-3a. 
Slot 2: zymogram pattern AB; proposed genotype, Es-3a/Es-3b. 
Slot 3: zymogram pattern B; proposed genotype, Es-3b/Es-3b. 

T i s s u e s  in Rattus norvegicus 

esterase  ac t iv i ty .  Most  t i ssues  also express  s lowly migra t -  
ing es terase  c o m p o n e n t s  j u s t  anoda l  to  the  origin. Liver ,  
lung, k i d n e y  and  mos t  t i ssues  of t he  digest ive  t r a c t  are 
also sources of es terases  wh ich  m i g r a t e  i n t e r m e d i a t e  to  
these  two ex t r eme  zones. P o l y m o r p h i s m  for es terases  of t he  
i n t e r m e d i a t e  zone was found  in t he  large in tes t ine ,  
caecum,  smal l  in tes t ine ,  ca rd iac  s t o m a c h  and  esophagus.  
The  smal l  i n t e s t ine  z y m o g r a m  is t yp i ca l  of i n t e r m e d i a t e  
zone es terases  in  these  t i ssues  a n d  is d i a g r a m m e d  to 
i l lu s t r a t e  t he  3 p a t t e r n s  found  (Figure).  P o l y m o r p h i s m  
for es terases  in  serum, red cells, spleen,  liver,  lung, 
k idney,  adrena l ,  t h y m u s ,  pylor ic  s tomach ,  h e a r t  muscle,  
ske le ta l  muscle,  b ra in ,  panc rea s  or gonads  was no t  found  
in th i s  colony. The  v a r i a n t  enzyme  appea r s  to  be  specific 
to  d iges t ive  t r a c t  t i ssues  and  is no t  p r e sen t  in se rum or 
p la sma .  

Since ki l l ing of the  an ima l s  was  necessary  in order  to  
r e m o v e  t he  t i ssues  in  wh ich  t he  Es-3 locus is expressed,  t h e  
genet ic  d a t a  came  f rom t issues  of f ami ly  g roups  r a t h e r  
t h a n  f rom p r e a r r a n g e d  mat ings .  Seven t een  pa i rs  of 
an ima l s  and  a t  leas t  one l i t t e r  of t he i r  of fspr ing  were 
examined .  Animals  w i t h  a single a n o d a l  es terase  b a n d  in 
t he  i n t e r m e d i a t e  zone were asc r ibed  es terase  p a t t e r n  A, 
those  w i t h  a single c a t h o d a l  b a n d  p a t t e r n  B, a n d  those  
w i t h  two bands ,  p a t t e r n  A B  (Figure).  No o the r  p a t t e r n s  
were observed  in t h i s  colony. F a m i l y  d a t a  were cons i s t en t  
w i t h  a hypo thes i s  of 2 c o d o m i n a n t  alleles for a single 
a u t o s o m a l  locus. Ma t ings  of p a r e n t s  w i t h  iden t i ca l  single 
b a n d s  were a s sumed  h o m o z y g o u s  whi le  an ima l s  w i t h  the  
A B  p a t t e r n  were a s sumed  he te rozygous .  B o t h  a s s u m p t i o n s  
were a f f i rmed  b y  fami ly  d a t a  (Table).  The  allele respon-  
s ible  for t he  anoda l  of t he  2 b a n d s  has  been  des igna ted  
E s - 3 a  and  the  con t ro l  of the  s lower  b a n d  has  been  

Rat esterase patterns and proposed genotypes of parents and offspring of 17 matings 

No. of Esterase pattern Proposed genotype No. of Esterase pattern of offspring Proposed genotype 
families of parents of parents (Es-3) offspring of offspring (Es-3) 

1 A • A a/a • a/a 7 (7) A (7) a/a 
4 A•  a/a • a/b 31 (14 A, (17) AB (14) a/a, (17) a/b 
3 A • B a/a • b/b 20 (20) AB (20 a/b 
1 B • B b/b x bfb 8 (8) t3 (8) b/b 
3 B•  b/b •  26 (15) AB, (11) B (15) a/b, (11) b/b 
5 AB • AB a/b • a/b 38 (9) A, (18) AB, (11) BB (9) a/a, (18) a/b, (11) b/b 
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The  buffer  s y s t e m  descr ibed b y  SCHIFF and  S'I'ORMONT 3 
was used for ho r i zon ta l  s t a r ch  ge l  e lectrophoresis .  The  
electrolyle  buffer  of p H  8.2 c o n t a i n e d  l i t h i u m  h y d r o x i d e  
a n d  bor ic  acid and  t he  13% s t a r c h  gel was  m a d e  in a 
l i t h i u m  hydrox ide ,  bor ic  acid, tris, ci tr ic  acid buf fe r  of 
p H  7.3. Samples  were inse r t ed  in to  t he  sliced gel on p a p e r  
wicks wh ich  were r e m o v e d  a f t e r  30 ra in  e lec t rophores i s  
a t  150 V. Af te r  r e m o v a l  of t h e  wicks,  e lec t rophores i s  was 
c o n t i n u e d  a t  300 V for 4 h. 

Hor i zon t a l l y  sliced gel ha lves  were t h e n  i n c u b a t e d  for 
30 ra in  in a s t a in ing  m i x t u r e  of 2 ml  1% e - n a p t h y l  
b u t y r a t e  in  acetone,  200 m g  fas t  b lue  B B  salt,  25 ml  
0.4 M tris-HC1 buffer  a nd  175 ml  HsO. E lec t rophore t i ca l ly  
d i s t i nc t  es terases  were v isua l ized  as d a r k  depos i t s  of azo 
dye  on  t h e  gel surface.  

Results and discussion. W i t h  t he  excep t ion  of one 
pancrea t i c ,  esterase,  al l  enzymes  ident i f ied  b y  t he  above  
t e c h n i q u e  m o v e d  in an  anoda l  di rect ion.  Most  r a t  t i ssues  
express  es terases  wh ich  m i g r a t e  in t he  se rum a l b u m i n  
region a n d  ce r t a in  t issues con t a i n  a p r e - a l b n m i n  b a n d  of 

a t t r i b u t e d  to a n  a l t e r n a t i v e  allele, Es -3b .  All 3 geno types  
were found  even ly  d i s t r i b u t e d  in b o t h  sexes. He te ro -  
zygotes  express  b o t h  b a n d s  w i t h o u t  i n t e r m e d i a t e  b a n d s  
or o the r  ev idence  of sha red  subuni t s4 .  

Zusammen/assung. Bei  Rattus norvegieus wird  eine neue  
M u t a t i o n  beschr ieben ,  welche die e l ek t rophore t i s che  
W a n d e r u n g s g e s c h w i n d i g k e i t  eines I n t e s t i n a l e n z y m e s  be-  
e inf lusst .  
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