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The ontogeny of rat H+/K+-ATPase  was studied between foetal day 18 and neonatal day 18, using a specific 
monoclonai antibody (95-111 mAb). The H +/K+-ATPase content of gastric subeellular membranes was assayed and 
the ATPase subunits were characterized by Western blot. The epithelium density in parietal cells was measured by 
immunohistochemistry. H + / K  +-ATPase was present in the 18-day-old foetuses and parietal cells were detected on 
foeta~ day 19. The H+/K+-ATPase  concentration remained stable from foetal day 18 to neonatal day i ,  while the 
parietal cell density increased 2.5-fold. The H+/K+-ATPase  concentration increased by 2.5-fold on day 6, then 
remained constant up to day 18. The parietal cell density remained unchanged during this period, suggesting that the 
concentration increase on day 6 was due to an increase in parietal cell ATPase content. The 95-111 mAb recognized a 
95 kDa single band on foetal day 18 and a doublet at all the other stages of development. Previous studies had 
demonstrated that acid secretion drops critically at day 12 post partam in the rat and that H +/K+-AT1Pase activity is 
lost. The present study demonstrates that the H + / K  +-ATPase is, however, present on day 12. 

Introduction 

Gastric acid secretion by the foetal rat begins during 
late gestation on day 20 [1], and its regulatory mecha- 
nisms develop around the same time [2]. H + / K  +- 
ATPase activity can be detected in 18-old-day foetuses 
by an in vitro assay [3]. Acid secretion increases steadily 
after birth, up to postnatal day 10. However, between 
postnatal days 10 and 14, there i~ a lack of secretagogue 
stimulation [4] and H+/K+-ATPase activity can no 
longer be detected in vitro [3]. This 'silent' period is 
transient and all secretory functions are recovered after 
day 14 [4-9]. 

To further characterize this ontogenic period, a 
specific monoclonal antibody to H+/K+-ATPase (Ref. 
10, unpublished data) was used to characterize 
H+/K+-ATPase changes during rat ontogeny, espe- 
cially around day 12 post partum, and to study the 
development of pa~e:al cells. 
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Material and Methods 

Animals. Wistar rate foetuses were obtained as previ- 
ously described [1]. Pups (~9 neonates per mother) were 
allowed to suckle from birth (day 0) to day 18 of life. 
All animals were killed by cervical dislocation. The 
stomachs were removed, opened and washed free of all 
content. 

Immunohistochemieal  localization. Tissue blocks were 
frozen, embedded in OCT compound (Tissue-TeL Divi- 
sion Miles Scientific) and cryostat sections (4/t in) were 
cut through the epithelium perpendicular to the mucosal 
surface. These sections were rinsed for 10 min in 50 mM 
Tris (pH 7.6), 150 mM NaCI, 1/1000 normal rabbit 
serum, then incubated overnight at 0 - 4 ° C  with the 
95-111 mAb. Rabbit immunoglobulins to mouse im- 
munoglobulins (DAKOPATTS, Denmark, Ref Z.259) 
were then added for 1 h at room temperature. Slides 
were rinsed in 50 mM "Iris (pH 7.6), 150 mM NaCI and 
incubated for 15 min in PAP complex (DAKOPATTS, 
Denmark, Ref P850). Peroxidase activity was revealed 
by a 5-8 m~n incubation in diamino benzidine (Sigma, 
MO, U.S.A,, Ref D.8001) H202 1/1000. Slides were 
mounted in EUKITT. Epithelium height was measured 
under the microscope using a calibrated ocular grid. 
The stained cells were counted (each count covered a 
240 ttm length of epithelium). The means 4- S.E. of five 
counts were made to calculate the cell density as the 
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number of stained cells per mm z. The counted area was 
calculated as 0.24 ram × epithelium hetght in rara. 

Subcellular fractions. The gastric fundus were pre- 
pared by removal of the ruraen (foetuses) or both the 
rumeu and antrum (neonates and adults), and subceUu- 
lar fractions were prepared as previously described [3]. 
Fundic tissues were homogenized in 5 mM Tris-HCl 
(pH 7.5), 1 mM EGTA, 250 mM sucrose, and centri- 
fuged at 4 ° C  for 10 rain at 1000 × g. The supernatants 
were collected and centrifuged at 20000 x g for 10 min 
(Sorvall RC5C) at 4 °C ,  resulting in a mitochondrial 
pellet (P2 fraction) and a supernatant. This was finally 
centrifuged at 100000 × g  for 60 rain at 40C to pellet 
the mierosomes (P3 fraction). The P2 and P3 fractions 
were either pooled or used separately. 

Proteins. Proteins were measured by the Bradford's 
Coomassie blue staining method using bovine serum 
albumin (Fraction V) as standard [11]. 

Iraraunotitration of  H + / K +-,4 TPase 
H+/K+-ATPase  was quantified using a hog gastric 

fraction as a reference. This standard fraction contained 
0.36 pg  of 95 kDa polypeplides pe r / t g  of protein and 
had a specific activity of 80 /tmol Pi per h per mg 
protein for K+-stiraulated ATPase (unpublished data). 

Antigenic fractions (100/tl) were incubated overnight 
at 0 - 4 " C  in the wells of polyvinyl microplates (Flow 
laboratory (Lab System, Les Ulis, France)). The solu- 
tions were decanted and the wells were rinsed four 
times with 200 pl of phosphate-buffered saline plus 
0.1% BSA. Monoelonal antibody (100 /tl of 95-111) 
was incubated into each well for 1 h at reom tempera- 
ture. The plates were rinsed four times and ~SSl anti- 
mouse IgG (H + L) was added for 1 h. Unbound radio- 
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activity was decanted and the wells were washed :hree 
t:mcs, cut out and radioactivity counted (1275 ,'aiai- 
gamma LKB). 

Western blots of  H + / K ÷-A TPase 
Membrane proteins were separated by SDS-PAGE 

on a 5-20% polyacrylamide separating gel. Proteins 
were transferred to nitrc.~elhilose sheets [12] and stained 
with Ponceau S [13]. The nitrocellulose sheets were 
incubated for 30 min in 50 mM Hepes, 1% BSA, 0.5% 
Tween 20 (pH 7) to saturate non-specific sites and 
incubated in the same buffer containing 0 . 4 / t g / m l  of 
mAb 95-111 for l h. The sheets were rinsed four times 
and incubated with 0.5 t tg /ml  peroxidase-labelled sheep 
antimouse IgG (H + L). (Biosys S.A. France, Ref B! 
2413MN) for 1 h, rinsed (four times) and stained with 
diamino benzidine. 

Results 

Localization o f foetal and neonatal H + / K  +-.4 TPase 
Rat foetuses and neonates grew normally as indi- 

cated by their increase in body weight (Table I). The 
gastric epithelium developed: the epithelium of 18-day- 
old foetuses was a very thin (16-21 p.ra) monolayor of 
undifferentiated cells. No iramunoreactive cells were 
detected. Small gastric glands appeared between foetal 
days 18 and 19, and, the epithelium was 29-46 ~m 
thick on day 19. The 19-day epithelium contained 630 
+_. 120 immunoreactive cells per rata 2. The mean epi* 
thelium thickness had reached 75ttm by foetal day 21 
and immunoreactive cells were present throughout the 
epithelium (1520 + 112 cells mm2), althow:,h the adult 
gland organization was not yet apparent. 

TABLE I 

Titration of H ÷/K + -.4 TPa~e during the ontogenic development of rat 

The number of rats at each ontogenic stage is given. Each animal was weighed and the: mean weights+ S.E. calculated. Rat gastric P2+ P3 fractions 
were prepared as described in Materials and Methods. The ATPase was assayed on microplatcs using 1, 2 and 4/tg/100 ,~l rat (P2 + P3) fractions. 
300 ng/ml 95-111 aseite and 200000 cpm 1251-labelled rabbit anti-mouse lgG. The bound 1251 was used to calculate the concentration of 
H÷/K*-ATPase by reference to the bound radioactivity of a standard which contained 364 ~tg ATPase per mg protein. H ÷/K+-ATPase ~g/mg 
protein is the/~g of A'! Pase per mg of protein in the i:'2 + P3 fraction; pg/P2 + P3 means the /tg of ATPase in the total P2 + P3 fraction. The 
specific activities of H+/K+-ATPase are from Ref. 3. 

Stage No. of Animal P r o t e i n  H*/K+-ATPase ATPase 
rats weight P2 + P3 (pg/mg protein) (/tg/P2 + P3) spec. act. 

(g) (ttg/animal) (from Ref. 3) 

FI8 48 1.4±0.1 22 20± 2 0.44 1.4 
F19 2.4 
F21 38 4.7+0.1 56 18± 2 l.O 2.2 

N1 16 5.9 +0.I 39 20+ l 0.80 2.1 
N6 22 9.9±0.2 132 47± 3 6.2 3.8 
NI2 33 23.7+0.2 433 51+ 6 22 0.l 
N14 6 27.5+0.4 532 45:t: 4 24 3.5 
N18 10 37.5 ± 1.8 660 58~ 5 39 3.7 

Adults 200 10000 147±11 1470 11.4 
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Fig. l. Ponceau S staining and Western blo~ of P2 SDS-PAGE. Rat P2 fractions were prepared from foetal, neonatal and adult stomachs as 
described in Materials and Methods. SDS-PAGE gel (20 ,ag protein per lane) was run overnight [13], Proteins were transferred to a nitrocellulose 
sheet and stained with 0.4% ponceau S (Fig. 1A). Destained sheet was incubated with 400 ng/ml 95-111 mAb in 40 mM Tris (pH 7) and immune 
complexes were revealed with diaminobenzidine-HzO z using a peroxidase-coupled antimouse IgG (Fig. 1B). For all figures: lane a, foetus 18 days; 
Jane b. foetus 19 days; lane c, foetus 21 days; lane d. neonate day 1: lane e, neonate day 6; Jane f, neonate day 12; lane g, neonate day 14; lane h, 

neonate day 18; lane i, adult. The standard molecular mass and their positions in the gel are shown on the left. 

The  dens i ty  of  immunoreac t ive  cells r ema ined  at  
1632 + 69 cells pe r  m m  ~ ] day  af ter  bir th.  T h e  gast r ic  
g lands  of  5-day-old ra ts  had begun  to acqui re  their  
adul t  organizat ion,  wi th  m u c o u s  cells in the  apical  
region of  the  g land  and  immunoreac t i ve  parieta!  cells a t  
the  middle  and  base  of  the g land  (1707 + 79 i m m u n o -  
react ive cells per  mm2).  T h e  m e a n  ep i the l ium thickness  
in 12-day-old neonates  was  160 /~m, and  there were  
1830 + 51 immunoreae t i ve  cells per  m m  z. As  acid  secre- 
tion is inhibi ted o .  day  12, the  parietal  cells were  
examined  by  electron microscopy.  N o  morphologica l  
a l terat ions which could be  associated wi th  cell ma l func-  
t ion were detected. 

Titration of foetal and neonatal rat H + / K +-A TPase 
T h e  pro te in  conten t  o f  the  P2 + P3 f ract ion increased  

steadily th roughout  the  per ina ta l  period,  except  be tween  
foetal d a y  21 and  neonata l  d a y  1. The re  was  an  ap-  
pa ren t  decrease  in the  p ro te in  conten t  be tween  these  2 
days.  This ,  however ,  could  be  because  the  foetus  
s tomachs  were very  smal l  a n d  were  used as  a whole  
af ter  r u m e n  removal  to p r e p a r e  P2 + P3, while  the  

fundie  m u c o s a  was  sc raped  o f f  the  la rger  s t omachs  of  
neona tes  and  adults .  

A 95-111  m A b - p o s i t i v e  an t igen  was  de tec ted  by  
r a d i o i m m u n o a s s a y  as ear ly as  day  18 post -co ' i tum in 
cont ras t  wi th  the  lack of  de tec t ion  by  i m m u n o h i s -  

30  kDa- -  

2O kDa - ~. 
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Fig. 2. Ponceau S stainin~ and Western blot of P3 SDS-PAOE. The results are presented as in Fig. l, but P3 fractions were used instead of P2. (A) 
Ponceau S staining. (B) Western blots. 



toehemistry. The H+/K+-ATPase concentration of P2 
+ P3 fractions was close to 20 I~g ATPase per mg 
protein at this time, and remained constant up to 1 day 
after birth, suggesting that the ATPase synthesis was 
proportional to overall tissue protein synthesis. The 
ATPase concentration more than doubled between 
neonatal days 1 and 6, and remained at that level up to 
day 18 when it was only 39% of the adult rat ATPase 
concentration, indicating that a further increase occurs 
after day 18 (Table I). The specific H+/K+-ATPase 
activity dcmbled between neonatal days 1 and 6, as did 
the concentration and, in 18-day-old neon~t,~s, was also 
only 32~ of the adult animal activity (Table I). 

The total ATPase content of the P2 + P3 fractions 
increased progressively from foetal day 18 to neonatal 
day 18 (Table I). 

Special attention was paid to the ATPase content in 
12-day-old neonates, because, the ATPase activity dis- 
appeared on this day, return to normal on day 14. 
ATPase concentration, as measured with 95-111 mAb, 
was the same on days 6, 12 and 14, strongly suggesting 
that the drop in activity was not due to loss of the 
enzyme itself. 

Characterization of foetal and neonatal 95-111 mAb anti- 
gen 

Western blots using the 95-111 mAb (400 ng /ml )  
and rat gastric P2 and P3 demonstrated that the epitope 
was carried by two very closely migrating bands (95a, 
upper band; 95b, lower band) at 95 kDa. Only 95a was 
present in both P2 and P3 on foetal day 18. The other 
band, 95b, appeared on foetal day 19 and became the 
major antigen until neonatal day 18 (Fig. 1B (except 
lane c), and Fig. 2B). The two bands were almost 
undissoeiated in the gastric fractions of adults. There 
was no change in the Western blot profiles of 12-day-old 
neonates, suggesting that the loss of ATPase activity 
was not due to ATPase proteolysis. 

Discussion 

We have previously demonstrated that H + / K  +- 
ATPase activity can be detected in 18-day-old foetuses, 
i.e., 3 days before birth [3]. The results of the present 
study confirm the presence of the enzyme in 18-day-old 
foetuses, demonstrating that H+/K+-ATPase  subunits 
are 95a bands. The parietal cells are detected I day later 
when the 95b band of the ATPase appears. 

Maximum radioimmunoassay sensitivity was ob- 
tained by assaying the membrane fractions (P2 + P3), 
which as we previously demonstrated (Ref. 3, and un- 
published data), contain more than 80~ of the total 
homogenate ATPase activity. P 2 +  P3 ATPase can 
therefore be regarded as a reasonable estimate of the 
H +/K +-ATPase content of the animal stomachs. West- 
ern blot analysis indicated that the ATPase occurred as 
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two protein bands close to 95 kDa, the larger form is 
present on foetal day 18 and the smaller one, 1 day 
later. These data provide no explanation for the pres- 
ence of two bands, and whether they are due to RNA or 
protein processing or even to protein glycosylation re- 
mains to be elucidated. The specific activity of each 
band is also unknown, as is their relationship to the two 
bands described by Karlsson A. et al. in adult hog 
membranes [14] after staining with autoimmune serum 
from gastritic patients with pernicious anaemia. How- 
ever, the lack of immunohistochemical reactions on day 
18 suggests that the 95a band is not detected by this 
method. 

The morphological features of the developing fundic 
epithelium have been clearly described by Helander 
[15]. In the present study, the 95-111 mAb is used to 
quantify parietal cells during the ontogenic develop- 
ment. The density of immunoreactive cells in 12-day-old 
gastric epithelium is in agreement with the density of 
parietal cells which can be calculazed from a previous 
study (1899 cells per/Lm 2 [16] as compared to 1830 cells 
per ~m 2). The plot of the 95-111 immnnoreactive cells 
per unit area as a function of days appears to be 
hyperbolic (unshown plot): parietal cells more than 
doubled between foetal days 19 and 21 and then 
plateaued towards a density of 2040 cells per mm z. 
When further plotted as 1/cel l  density vs. l /develop-  
ment day, the hnearization is obtained when the zero on 
the hyperbola y-axis is postulated to be 1 / 3  of a day 
prior to day 19, suggesting that parietal cells start 
appearing at that date. This plot further suggests that 
half-maximal parietal cell density is reached on foetal 
day 19.5. As the density of parietal cells plateaued after 
birth, any important change in the tissue ATPase con- 
centration after that date should result from an increase 
in parietal cell ATPase content. This should account for 
the 2.5-fold increase in H+/K+-ATPase concentration 
between days 1 and 6. It should also be remembered 
that the 18-day-old neonates have not reached the adult 
secretory capacities, so that a further increase in parietal 
cell ATPase content must occur. 

It was previously demonstrated that the acid secre- 
tion of 12-day-old neonates is decreased, and that the 
activity of H+/K+-ATPase is lost [3,4]. A decrease of 
the number of H+/K+-ATPase molecules was sug- 
gested to explain the phenomenon. However, the pre- 
sent results demonstrate that H * / K ' - A T P a s e  molecule 
is present on day 12, that its concentration expressed as 
pg  of 95 kDa polypeptides per mg protein is not differ- 
ent on day 6, 12 and 14, and furthermore that the 
protein which is titrated by the 95-111 mAb is not 
proteolysed, because the molecular mass of the antigen 
remains constant. The morphology of 12-day-old 
neonate parietal cells is normal, suggesting no major 
toxic process. Therefore another explanation than the 
disappearance of H+/K+-ATPase should be looked for 
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to explain  the decreased acid secretion on day  12. 
In a separa te  work,  we demons t r a t ed  that  the con- 

centra t ion of  H + / K + - A T P a s e  in the rat  gas t r ic  epi- 
the l ium (rag of  A T P a s e  per  g t issue) is s imi lar  to those 
of  o ther  species such as hog,  rabbi t  and  m a n  (un- 

publ ished data) .  Th i s  is contradic ' ,ory to the  f inding 
that  the in vi t ro A T P a s e  act ivi ty  is of ten  low in rats,  due  
to enzyme lability. The  reasons  for  the labili ty of  ra t  
H + / K + - A T P a s e  have  not  been totally elucidated,  bu t  
phosphol lpases  have  been impl ica ted  [17]. The  loss o f  
A T P a s e  act ivi ty  on  day  12 migh t  therefore result  f r o m  
very  act ive phosphol ipases  at that  stage.  
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