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ABSTRACT. Sucrase-isomaltase complex is expressed in 
human small intestine throughout gestation and in the large 
intestine between 12 and 30 wk. The molecular form of the 
enzyme was studied in the brush-border membrane frac- 
tions by the immunoblotting method. Before 30 wk of 
gestation, the enzyme is present only as the high molecular 
weight prosucrase-isomaltase, while from 30 wk until birth 
the two subunits are also present. The fetal enzyme, as its 
proform and as its two subunits, has a faster mobility in 
sodium-dodecylsulfate polyacrylamide gel electrophoresis, 
than the adult enzyme (removal of sialic acid residues from 
fetal enzymes emphasizes this difference). The colonic and 
the small intestinal fetal enzymes are identical. (Pediatr 
Res 19: 136-138,1985) 

Sucrose a-D-glucohydrolase complex (EC 3.2.1.48) is the main 
marker of enterocytic differentiation, and one of the primary 
intestinal brush-border enzymes (4). Recently it has been shown 
in mammals to be synthetized as a single chain secondarily split 
to two subunits by pancreatic proteases (3,7, 13). In early human 
fetal small intestine the enzyme is present as high molecular 
weight single chain (8), which is split in vitro by pancreatic 
elastase. This enzyme also is expressed at a lower level in human 
fetal colonic mucosa between 10 and 30 wk. The activity disap- 
pears at term and is not expressed in adult colon (5, 15). We 
studied the spontaneous maturation of human fetal small intes- 
tinal and colonic sucrase-isomaltase complex throughout gesta- 
tion, and compared the fetal and adult enzymes. 

MATERIALS AND METHODS 

Small intestinal samples ( n  = 6) and colon samples ( n  = 4) 
from human fetuses between 16 and 39 wk of gestation were 
obtained after spontaneous or legal therapeutic abortion afid 
stored at -80" C until use. Adult intestinal fragments were 
obtained from irreversibly brain damaged kidney donors as 
previously described (1 2, 15). 

Purification of sucruse complex and antibodies production. 
Sucrase-isomaltase from a blood group 0 human small intestine 
was purified as previously described (10, 15). Briefly brush- 
borders were digested with papain; the papain supernatant was 
applied on sequential chromatographic columns including anion 
exchange chromatography, gel filtration, and Sephadex G 200 
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chromatography. The homogeneity of the preparation was as- 
sessed by polyacrylamide gel electrophoresis and crossed immu- 
noelectrophoresis against an antihuman brush-border antiserum 
(1 2). Rabbits were immunized by sc injections at 15-day intervals 
with 0.2 mg of purified enzyme and bled 7 days after the fourth 
injection. Immunoglobulins G were prepared by ion exchange 
chromatography (1 0, 15). 

Brush-border separation, transjer, and identification of antigen. 
Preparations of the brush-border fractions of small and large 
intestine were obtained by the calcium precipitation method as 
previously described (12). The proteins were separated on poly- 
acrylamide slab gel electrophoresis, with molecular weight mark- 
ers (myosin: 200 k, 0-galactosidase 116 k, phosphorylase b 94 k). 
The proteins were then transferred on nitrocellulose sheets as 
previously described (1 1). The nitrocellulose, after 60 min incu- 
bation in a phosphate buffered saline solution pH 8.0 containig 
10% bovine serum albumine (buffer A), was immersed in su- 
crase-isomaltase antibodies diluted in buffer A, then in peroxi- 
dase-labeled antirabbit immunoglobulins (Institut Pasteur, 
Paris). Peroxidase was revealed with diaminobenzidine (0.05%) 
and hydrogen-peroxide (10, 1 1, 15). 

Enzymatic and proteins determinations were as previously 
described (1 2). Specific activities are expressed in units/g protein. 
The paucity of human fetuses samples did not allow us in most 
cases, to repeat the enzymatic determinations. 

Neuraminiduse treutment of brush-border fvuctions. Sixty mi- 
crograms of brush-border proteins were incubated for 3 h at 37" 
C with 7.2 m u  neuraminidase (Type V,'Sigma) in 50 mM 
acetate 10 mM CaCI2 buffer pH 5.6. Neuraminidase treated 
brush-borders were then separated as described. 

RESULTS AND DISCUSSION 

The enzymatic specific activities of sucrase in small intestinal 
and colonic samples are shown on Table 1. They are in good 
accordance with previous reported values for fetal intestine (5, 
8, 15). For the 1 5 ,  18-, and 24-wk samples, the results were 
obtained from homogenate of the whole intestinal mucosa, and 
we observed a progressive rise in activity between 15 and 24 wk; 
at 24 wk the activity was near adults values. For the 16-, 30-, 
and 39-wk samples, only small pieces of intestine, not precisely 
localized, were obtained. The 30-wk fetus was less well conserved 
that the other fetuses, and this could explain the discrepancy 
obtained in the specific activities. These brush-border activities 
are enriched 10- 15 times as compared to the homogenates, as 
usually described for sucrase enrichment, assuming that the 
calcium precipitation method is also useful for brush-border 
preparation of fetal small and large intestine. 

The molecular form of sucrase-isomaltase complex, as detected 
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by t:ie immunoblotting method, is shown on Figure 1. Before 30 
wk of gestation the enzyme is expressed only as the high molec- a b d e  
ular weight form (small intestines of 15, 16, 18, and 24 wk and 
24 wk colon), as was described by Skovbjerg (8). At 30 wk and 
at term the complex is in part split into its two subunits, sucrase 
and isomaltase, of lower molecular weight. These two subunits psi- - <+. ,,-a llrrr have very similar properties, and in most cases, particularly in 
the adult intestine, cannot be separated into two distinct bands. 200- 
Rather, there is a broad band at about 150 000 daltons. Small 
intestinal and colonic forms behave similarly, except that the 
expression of the colonic enzyme is lower than ii the small - 
intestine between 15 and 30 wk and decreases from 30 wk until 
birth, when it is no longer detectable. This cleavage occurs in .-c 

parallel with the appearance of enterokinase activity in fetal 
intestinal mucosa at about 26 wk of gestation (1); enterokinase 113- 
allows the activation of pancreatic proteases into their mature 
form, and pancreatic proteases have been shown to be responsible 
for sucrase-isomaltase cleavage (3, 7, 8). 

94- 
The fetal form migrates slightly faster than the adult enzyme 

in sodiumdodecylsulfate polyacrylamide gel (Figs. 2 and 3). The 
proform at every stage of gestation, and the two subunits when 
the cleavage occurs, have both a faster anodal mobility as com- 9; 
pared to the adult forms. These differences may be due either to 

Table 1. Specific activity of sucrase enzyme in the brush-border 
)action of dflerent small intestinal and colonic samples 

(unitslg protein) 
Gestational age Small intestine Colon 

15 wk (n = 1) 
16 wk (n = 1) 
18 wk (n = 1) 
24 wk (n = 1) 
30 wk (n = 3) 
39 wk (n = 3) 
Adult (n  = 5) 

* Number of determinations. 
t Mean + SEM. 

Fig. 2. Sucrase-isomaltase of fetal small intestine samples, separated 

193 
on 6.5% polyacrylamide slab gels, and detected by immunoblot. a, e, 

39 
adult jejunum; h, 15 wk; c, 30 wk; d, 39 wk; psi, prosucrase-isomaltase; 

4 
i, isomaltase subunit; s, sucrase subunit. In c the low amount of residual 

1 material available did not allow to deposit a sufficient amount of proteins, 
which explain the differences of intensity as compared to Figure Ic; 200, 
113, and 94 arrows correspond to the migration of molecular weight 
markers (see "Materials and Methods"). 

Fig. 1. Immunoblotting detection of sucrase-isomaltase in different brush-border samples (proteins, 60 pg, were separated in 8% acrylamide slab 
gels) a, adult; h, 15 wk: c. 30 wk; d, 39 wk; e, adult; s, small intestine; c, colon. 
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neuraminidase treatment, while the fetal enzyme (the prosucrase- 
isomaltase and its two subunits ciearly separated in the fetal 
intestine) migrates further. Thus the adult and fetal enzyme are 
different; this difference is not only due to sialic acid, because 
the migration of fetal enzyme is more rapid after removal of 
sialic acid molecules. These differences are present on the pre- 
cursor and on the two subunits, and are thus independent of the 
cleavage process. The time of the switch remains to be deter- 
mined. at birth or after birth. 

Fig. 3. Neuraminidase  treated sucrase-isomaltase, detected by im- 
munoblot .  a, control  adul t  sucrase; b, neuraminidase-treated adul t  su- 
crase; c, control  30 wk fetal sucrase; d, neuraminidase-treated fetal 
sucrase. 

a difference in the polypeptide chain expression of a fetal gene, 
as described for instance for myosin (14) or hemoglobin (9), or 
to differences in the glycosylated part of the molecules. Fetal 
intestinal alkaline phosphatase has a different electrophoretic 
mobility than the adult enzyme, which disappears after neura- 
minidase treatment (6). Preliminary results of analysis of mecon- 
ial brush-border enzymes have shown a modified affinity for 
Concanavalin A (2). Neuraminidase treatment of the brush- 
border fraction of the 30-wk fetus showed (Fig. 3) that sialic acid 
is present on the fetal sucrase-isomaltase, and not on the adult 
enzyme. The migration of adult enzyme is not modified by 
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