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ABSTRACT. The carbohydrate composition of some in- 
testinal glycoproteins has been demonstrated previously to 
be modified during development. To evaluate the role of 
the enzymatic mechanisms of glycosylation, the activities 
of three soluble and microsomal glycosyl-transferases were 
studied during postnatal development in rat intestinal mu- 
cosa. Nonexistent as soluble forms in the cell sap from 
suckling rats, the membrane-bound N-acetylgalactosami- 
nyl-, sialyl-, and fucosyl-transferases showed different ac- 
tivities in microsomal fractions before weaning. The N- 
acetylgalactosaminyl-transferase activity was constant 
whereas the sialyl-transferase activity, which was main- 
tained at a rather high level until the age of 2 wk, decreased 
just before weaning, while the fucosyl-transferase activity 
declined progressively from birth to weaning. After wean- 
ing, the three enzymatic activities progressively enhanced 
until adult age. Their variable behaviors on several glyco- 
protein acceptors may suggest the presence of several 
sialvl- and fucosvl-transferases with differences in soeci- 
ficities, varying ~"II different ways according to age. Such 
developmental modifications in intestinal glycosylation 
patterns may be linked with certain transformation oh- 
served in the carbohydrate level of mucus or membrane- 
bound glycoproteins and related to the profound modifica- 
tions in nutritional status at the weaning period. (Pediatr 
Res 22: 250-256, 1987) 

The glycoconjugates play a prominent part in the small intes- 
tinal tract as mucus and cellular membrane components. The 
pre- and postnatal developmental patterns of digestive glycopro- 
tein enzymes [such as sucrase, nialtase, isomaltase, alkaline 
phosphatase, or aminopeptidase (1-41 have been studied with 
regard to the level of enzyme activity. However, in terms of 
carbohydrate composition, little is known about the structure of 
such enzymes, except for y-glutamyl-transferase (5) and alkaline 
phosphatase (6, 7) which have been demonstrated to possess 
differences in the sialic acid content of fetal and adult-type 
enzymes. 

Modifications in the electrophoretic behavior ( I )  and in the 
glycosylation of the microvillus membrane glycoproteins (8-10) 
have been noted. Age-related differences in the types of mucus 
glycoproteins synthesized in the small intestinc were also dem- 
onstrated (I  I). In all cases, the variations observed between 

Received September 8, 1986: accepted March 27, 1987. 
Correspondence Dr. P. Lou~sot, Department of General and Medical Biochem- 

i s t ~ .  INSERM-CNRS U 189. Lyon-Sud Medical School, BP 12. 6992 1 .  Oullins 
Cedex. France. 

Supported by grants from the !nstitut National de la Santk et dc la Recherche 
Maicale (U.189), the Centre National de la Recherche Scientifique and the 
University of Lyon, Lyon-Sud Medical School. 

' Charge dc Recherches au Centre National de la Recherche Scientifique. 

2 

newborn and adult animals were in glycoprotein fucosylation or 
sialylation. Moreover. the biosynthesis and the intracellular 
transport of glycoproteins were modified in rat duodenal absorp- 
tive cells as a function of age (12). 

Some intestinal glycosyl-transferases, responsible for the bio- 
synthesis of carbohydrate chains of the glycoconjugates, have 
been well characterized ( 1  3- 15). The intestinal glycosylation 
processes are known to depend on different factors: distribution 
along the intestinal tract (16) and along the crypt-to-villus axis 
(17, 18), administration of some drugs (19, 20), vitamin A 
deficiency (21), or nutritional status (22, 23). With regard to 
development, little is known about intestinal glycosyl-transfer- 
ases. Only galactose incorporation has been studied in fetal, 
neonatal and adult rat colon (24) and small intestines (25). In a 
previous study (22), we showed that soluble intestinal fucosyl- 
transferase activity increased gradually in young adult rats on a 
standard diet for 4 wk and that this increase was modulated by 
high-protein and high-fat diets. In order to gain insight into this 
phenomenon, three glycosyl-transferases were studied in the 
small intestinal mucosa of growing rats from birth to adult age 
and the results are reported in the present paper. 

MATERIALS A N D  M E T H O D S  

Animals and ccllz~lar,fiactionurion. Seven groups of Sprague- 
Dawley male rats (IFFA-CREDO, Les Oncins, France) from 4 
days to 9 wk of age were studied in parallel (three litters of ten 
4-day-old rats, two litters of 10 rats 1 and 2 wk of age, six 3-wk- 
old rats and four rats in each of the 5-, 7-, and 9-wk groups). 
These animals were weaned at  approximately 18-20 days. Ani- 
mals were sacrificed by rapid decapitation at  0800 h and the 
small intestines were removed, washed with cold 0.9% NaCI. 
and weighed. For suckling rats 4 and 7 days of age, the small 
intestines were opened. cut into small pieces and directly ho- 
mogenized. In this case, the muscular tissue (which was not 
destroyed by homogenization) was discarded by filtration on 
cheese-cloth. For 2- to  9-wk-old rats, the mucosa was collected 
by scraping the intestine with a microscope plate and was main- 
tained at 4" C. 

The homogenate was prepared in 10 m M  Tris-HCI, 10 mM 
KCI, 10 m M  MgCI2, 250 m M  sucrose, and pH 7.4 buffer (9 ml/ 
g of wet tissue) with a Potter-Elvejhem homogenizer and centri- 
fuged at  30,000 x g for 20 min. The supernatant was then 
centrifuged for 2 h at  100,000 x g, leading to sedimentation of 
a microsomal fraction and to a soluble cell sap. Enzymatic 
activities were studied on these two fractions. 

neterminudions of enzymatic activities. Three glycosyl-trans- 
ferase activities (EC 2.4.1, XDP-sugar: glycoprotein glycosyl- 
transferase) were determined: fucosyl-, sialyl- and N-acetylgalac- 
tosaminyl-transferases. The principle of enzymatic activity deter- 
minations was based upon the amount of I4C-sugar incorporated 
by the subcellular fractions from the substrate nucleoside di- 
phospho-14-sugar (20 nCi per assay). Specific radioactivities of 
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Table I, l)kCi otae« on tucosvlation 1i!/J!li'lIr!-gu!acllllc*

3(J ± 30
72 ± 4 I 'I

lucosvl.uion rail'

7

Age of rat (wk )

* Fucose and tucosvl.ucd phcl1\l-gaIaclose (I:uc-C ial-Ph ) arl' sl'!)arated
hv paper chrorn.uographv as described in "Mntcrjalx and mctho.l«."

Results are expressed as Il'mtolllol of FlIl'-C ial-Ph sSI1l11l'si/l'd'lllm I

mg I protein (means ± SJ) on four dctcnnin.uions: and compared h\
the Mann and Whit ncvs l test

r[' < (WI

Post natul c17ulI>;('I Ii! >;!l'(,(} Il'!-I runxlcra: I' activitir», Ihrcc ulv
cosyl-transfcrascs (fucosv'I-, sialvl- and 'l-aeetvlgalaetosami;1\'I
transferases) were studied In intcstinal microsnmal Iractions and
cell saps obtained from 4-day-old to 9-wk-old rats,

As seen in Figure la, the microsomall\-acetylgalactosaminvl
transferase specific activitv remained at a low lcvc] (with 1111

significant changes) until the age 01',2 wk». Just attcr \waning,
enzyme activitv rapidly and significantl, incrcascc] to a high

j'ig, I, Influence of age ()n \i-ace(\lgalactosamin\l-transli:rasl'Spl'eilie
actisits in mivrosomc-. (iI) and cell sap (1)) of rat intestinal rnucoxa. Llch
I)(JIIlI represents the mean ± Sf) of 16 dctcrrnin.uions of the l'n/\ m.ui.:
activitv. obtained from two ditlcrcn: samples of the suhccllubr fLI1'ti"ns,
*[' < 0,00 I in comparison to 2-\I'k rcsult«.

sugar-nuclcotidcs (New England Nuclcar) wcrc: GDP-fucosc
(262 Ci/rnol). CMP-N-acctylneuraminic acid (j 19 Ci/mol). and
lJ f)P-N-acetylgalactosami ne (47 Ci/rnol ). Incorporation was de
termined with zero order kinetics from 0 to ]0 min, at optimal
conditions for pl [ and temperature, and in the presence of
manganese (except for sialyl-transfcrasc) as described prcviouslv
(22),

The glycosyl-translCrase activities were studied either with
endogenous acceptors or with exogenous acceptors, Glycoprotein
exogenous acceptors (asialofctuin, asialoscrotransfcrrin. and asi
alomucin) were prepared according to Ko and Raghupathy (26)
and used at 20 11M in incubation mixtures, These acceptors
permitted a higher incorporation of fucose and were used in
saturating concentration so that variations III amount of endog
enous acceptors could be eliminated, Moreover, the usc of ex
ogenous acceptors allowed cxamination of glycosyl-transfcrusc
specificities. Thc endogenous and exogenous acceptor reactions
were stopped by addition of 20';;; trichloroacetic acid and the
radiolabcllcd protcin precipitates were collected on (if)R What
man glass fiber filters: radioactivity was determined b\ liquid
scintillation counting after placing the filters in Toluene Scintil
lator (Packard),

To determine n-( 1-2)-fucosvl-transfCrase activity, phcnyl-ga
lactose (I m M) was used as a specific substrate (27), After the
reaction, the incubation mixture was passed through a Dowcx I
column (0,) x I cm) in order to climinatc unreactcd GDP
fucose, On lyophilizauon. radioactive sugars were separated b\
paper chromatography (Whatman ]MM) using cthvl acetate/
pyridine/water (12:):4) in a 4-h run, Sugars were detected by
aniline phtalatc reaction and the quantification of incorporated
fucose was obtained by counting the radioactivity along the
paper.

The activity of cnzymcx able to hvdrolyvc the substrates of the
glycosylation reaction (glycosyl-nucleotidc pyrophosphatascs: LC
],6,1,21) and thc activity of cnzymcs which could act on the
synthesized products (glycosidases) were indirectly estimated ac
cording to Mookcrjca and Yung (2S) in all subcellular frartion«
(using samc conditions as in determination of thc ghcos\l
transferase activities), AMP was added at 10 mM in microsomal
fractions and 2 mM in cell sap because of its inhibitory effect on
pyrophospha rases.

In order to study the possible proteolytic degradation of the
protein acceptors or enzymes. the activitv of acid and neutral
protcascs was estimated in the subcellular fractions with thc
method of Hille 1'1 al. (29), using 'Il-acetvl-hemoglobin as sub
strate,

The [) N A con ten t of the intesti nal mucosa sam pies was deter
mined as described by Burton (30) and protein content was
determined according to Gornall 1'1 al. (31),

Analvsi: li!/li('(}ll'!alcl! ulia!li/clliill, In order to distinguish the
fucosylation ofO-glycans (predominant in mucins) from that of
N-glycans, asialolctuin (fucosylatcd lor ]0 to ISO nun ) was
submitted to a jJ-elillllnation reaction according to Spiro and
Bhoyroo (]2), The incubation was performed in 0, I 'l 'laOI [
O,S M NaBll" for 6S h at ]T Caller which thc mixture was
adjusted to pl [ ),0 with 4 'l acetic acid, chromatographnl on a
Dowcx )0 column (0,) x 1 em) and eluted with OJ) I :\ formic
acid, The reaction products were separated on a Scphadrx (j,2)

column (2,) x 170 cm) eluted with a 0,1 M pyridine-acetic .uid
pl l ),0 buffer. The column was calibrated with known oligosac
charidcs (as described in lig. 4) and the radioactivity in O,')-ml
aliquots was determined after addition of') ml lmulxificr Scin
tillator 299 (Packard),

Suuistical analvsis. For each experiment with the S' .cn groups
of rats (as described above), six or eight determinations of the
glycosyl-transferase activities were made on each sample of the
subcellular fractions, Two to lour different experiments were
conducted depending on the cnvym« studied, In Figures I to ],
rcsults arc exprcssed as means ± Sf) of the combined groups of
values and compared bv Student's I rest. l n Table I, mcans were
compared by Mann and Whitney's Ii test.



252 BIOL ET AL. 

plateau reached after 5 wk, whereafter no further significant 
changes were observed; overall, enzyme activity increased 5-fold. 
In the soluble fraction (Fig. lb), the N-acetylgalactosaminyl- 
transferase activity was not detectable before weaning, but from 
this point increased progressively and then plateaued at 7 to 9 
wk. Maximal enzyme activity was considerably higher in the 
microsomal fraction compared to the cell sap fraction (5 and 0.2 
pmol. min-I. mggl protein respectively). 

The results of the sialyl-transferase assays are shown in Figure 
2. Sialic acid was not incorporated on endogenous acceptor in 
either microsomal or cell sap fractions. For the exogenous gly- 
coprotein acceptors, the microsomal sialyl-transferase displayed 
different behaviors (Fig. 2a). On asialomucin (Mds), its activity 
was linearly enhanced from birth to adult age with at least a 10- 
fold increase. On the other hand, the incorporation of sialic acid 
into asialofetuin (Fds) was slightly but significantly increased 
from 4 days to 1 wk ( p  < 0.020) and 2 wk ( p  < 0.005). It was 
followed by a highly significant ( p  < 0.001) depletion just after 

,, I W e a n i n q  

i n  c e l l  sap 

A g e  ( w e e k s  1 
Fig. 2. Influence of age on  sialyl-transferase specific activity in micro- 

somes ( a )  and cell sap ( h )  of rat intestinal mucosa. The activities were 
determined on endogenous acceptor (---) or glycoproteinic exogenous 
acceptors [Fds = asialofetuin (-), Mds = asialomucir (---)I and 
expressed as means f SD of 16 determinations of the enzymatic activity 
obtained from two or three different samples of the subcellular fractions. 
In microsomes: with Fds as acceptor, results are compared to those 
obtained for 3-wk-old rats whereas, with Mds as acceptor, results are 
compared to those obtained for 4-day-old rats. In cell sap, with Fds, 
results are compared to those obtained for 2-wk-old rats; with Mds, 
results are compared to I-wk results: *(I < 0.002, **p < 0.001. 

weaning. Then, a linear and significant increase of sialic acid 
incorporation was observed in samples from rats 3 to 9 wk of 
age. In the cell sap (Fig. 2b), the incorporation of sialic acid into 
Mds appeared at a low level after the 1st wk, then a slight but 
regular increase was noted. However, differences were significant 
only for animals 7 to 9 wk of age, as compared to young animals. 
On Fds, the sialyl-transferase activity showed a different pattern 
in cell sap as compared to the microsomal fraction. No sialic 
acid incorporation could be determined in suckling rats but, at 
the weaning period, a drastic and progressive increase of sialyl- 
transferase activity was observed which reached a steady state in 
adult rats. 

Figure 3a shows the results obtained for the microsomal fu- 
cosyl-transferase activity determinations. In suckling rats, the 
enzyme specific activity determined for endogenous acceptor 
was characterized by a rapid decline to a minimum level reached 
just before the weaning period. Then, from the 3rd to the 9th 
wk, a progressive and significant increase in this activity was 
observed. In the presence of exogenous glycoprotein acceptors, 
fucosyl-transferase activity was always enhanced, but the ob- 
served increase differed according to the acceptor used. The 
fucose incorporation increased rather regularly when asialosero- 
transfenin (STds) was used as substrate; the ratio of fucose 
incorporation for STds versus endogenous acceptor was respec- 
tively 2.1, 2.0, or 1.7 at 1,  5 ,  or 9 wk. On the contrary, when 
using asialofetuin (Fds), the increase was greater in adult than in 
suckling or young rats, since the ratio of the fucose incorporation 
for Fds versus endogenous acceptor varied from 2.2 or 1.5 at 1 
or 3 wk, respectively, to 3.7 and 3.5 at 5 and 9 wk, respectively. 

In the cell sap, fucose was incorporated only into exogenous 
acceptors (Fig. 3b), but the incorporation level remained low as 
compared to the microsomal fraction. On asialoserotransfenin, 
the fucose incorporation was low and increased very slightly with 
age. Significant enhancement appeared only at 5, 7, and 9 wk of 
age as compared to incorporation obtained for the youngest rats. 
On asialofetuin, the fucose incorporation was undetectable be- 
fore weaning then increased after two weeks and plateaued after 
7 to 9 wk. 

When results were expressed in total activities (per intestine), 
the glycosylation patterns observed for these three soluble giy- 
cosyl-transferases were quite similar to those observed when 
specific activities were described (data not shown). In contrast, 
in the microsomal fraction, a relative drop in the level of the 
sugar incorporation could be noted in suckling rats as compared 
to young postweaning and adult rats (as shown in Fig. 3c for the 
fucosyl-transferase total activity). Indeed, in contrast to results 
observed in specific activities there was no significant difference 
in total activity between 2-wk-old rats and younger animals, 
except for 4-day-old rats when asialofetuin was used as acceptor 
(p < 0.020). These results could be explained by significant 
differences in intestinal weight before and after weaning. AIL 
though the mucosal weight could not be exactly determined for 
the 4- and 7-day-old rats, it was clear from the intestine weights 
that the mucosa weight markedly increased at weaning. Indeed, 
the small intestine weights were, respectively, 0.5 +- 0. I and 0.7 
k 0.1 g for rats 1 and 2 wk of age, 3.6 + 0.4 g for young weaned 
rats 3 wk of age and 6.7 + 0.6 g for adult rats. The study of 
activities in relation to DNA content gave similar glycosylation 
patterns as described above for total activities (data not shown). 

Analysis offucosylated asialofetuin. The fucosylation of asialo- 
fetuin by the cell saps obtained from intestines of 3- and 7-wk- 
old rats was investigated. The labeled asialofetuin was submitted 
to p-elimination and the results of Sephadex G25 chromatogra- 
phy of reaction products is shown in Figure 4. As previously 
described (33), the three peaks were identified as fucosylated 
products. Peak 1 corresponded to a long oligosaccharide resulting 
from the N-glycan chain, peak 2 to a fucosylated tetrasaccharide 
of 0-glycan [probably a Fuc-Gal-(NeuAc)-GalNAc resulting 
from an incompletely desialyzed carbohydrate chain], and peak 
3 to a fucosylated trisaccharide (the sequence of which could be 
Fuc-Gal-GalNAc). In 3-wk-old as in 7-wk-old rats, the fucose 
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incorporation predominated in the smallest 0-glycan (65%). This 
incorporation was higher in 7-wk-old than in 3-wk-old rats, but 
there was no change in the relative distribution of the radioactiv- 
ity among the three peaks for the two ages. 

Fucosvlation c!f'oligosuccharidic acceptor. Previous work had 
indicated that the fucosylation of the asialo-0-glycan may occur 
only at site 2 of the galactose residue, as demonstrated by high 
voltage electrophoresis in borate buffer (34). Fucose incorpora- 
tion into phenylgalactose, used as a specific acceptor for ~ ( 1 - 2 )  
linkage of fucose (27), was higher in 7-wk-old than in 3-wk-old 
rats (Table 1). This result confirms an increase in the activity of 
a fucosyl-transferase with ~ ( 1 - 2 )  specificity. 

Control of the gl~~co.sylution process. Next, we wanted to deter- 
mine whether the observed changes in glycosyltransferase activity 
were related to  changes in enzyme activity or whether there was 
some influence of interfering reactions, namely sugar-nucleotide 
breakdown and proteolytic activity. 

Sugar-nucleotide breakdown was studied by chromatography 
of the reaction mixture supernatant. The glysolation mixture 
always contained AMP which. at 10 mM in microsomal fractions 
and at 2 m M  in cell sap fractions. was a good inhibitor of sugar- 
nucleotide breakdown; higher concentrations of AMP inhibi- 
tored glycosyl-transferase activities in cell sap. Table 2 presents 
the results of the sugar-nucleotide degradation studies in the cell 
sap. In this subcellular fraction, the degradation of UDP-N- 
acetylgalactosamine and GDP-fucose by glycosyl-nucleotide py- 
rophosphatases or osidases was always weak at each time point 
except for very young suckling rats 4 days of age. However, in 
this case, the degradation did not exceed 15% of the sugar- 
r,ucleotides used in the reaction mixture, whereas it was only 
about 2% or less at  all the other time points. The substrate CMP- 
sialic acid remained completely undegraded at all times. In 
microsomal fractions, the breakdown patterns of the sugar-nu- 
cleotides were quite similar, but degradations (in presence of 
AMP) were about 50% of those observed in cell sap (results not 
shown). 

Proteolytic activities were always slight. Nevertheless, in cell 
sap, they were highest in suckling rats and decreased thereafter 
to  a constant low level by 3 wk (Table 2). In microsomes, the 
results were similar but neutral proteases varied from 3.8 to 0.7 
pm . mn-' . mg-' protein and acid proteases from 1.2 to 0.1 pm . 
mn-' - mg-' protein. 

Thus, the degradation of substrates or products of the glyco- 
sylation reactions was seen to be minimal and therefore most 
likely did not contribute significantly to the variations observed 
in glycosyl-transferase activities. 

DISCUSSION 

We have demonstrated the existence of important modifica- 
tions in the activities of three enzymes responsible for the gly- 

Table 2 Suhrtrute degrudutron rn tell 5u11 dz~r~ng  glytor ~datlon 

- -- 
~ ) r o c ~ ' ~  ( *  

- - -  - 

Age 
- -- 

Days Wk 
- - - - -- - 

4 1 2 3 5 7 9  

Sugar-nucleotide breakdown 
UDP-N-acetylgalactosamine 7.6 1.4 0.5 0 0.6 0.2 0 
GDP-fucose 1.4 0.2 0.3 0.2 0.2 0.3 0 
CMP-sialic acid 0 0 0 0.1 0.1 0 0.1 

Proteolytic activity 
Acid proteases 3.5 2.1 1.7 0.2 0.4 0.4 0.4 
Neutral proteases 1.8 1.0 0.6 0.2 0.2 0.2 0.3 

* For sugar-nucleotide breakdown, results are given as pmol . l4C sugar- 
nucleotide degraded. mn-'. mg-' protein, in presence of AMP. For pro- 
teolytic activities, results are expressed as pmol . 3H hemoglobin de- 
graded. m n '  . mg-' protein (means of two determinations). 

cosylation of proteins in rat intestinal mucosa in relation to 
weaning period. These variations cannot be explained by the 
effect of degrading enzymes involved in the glycosylation process 
(such as glycosyl-nucleotide pyrophosphatases and osidases), by 
the effect of proteases, or by a modification of the localization 
of the glycosyl-transferases since these activities did not vary 
inversely in microsomal and soluble fractions. 

N-acetylgalactosaminyl-transferase activity, nonexistent in cell 
sap and stable in the microsomal fraction from suckling rats. 
increased after weaning until adult age. These observations are 
in agreement with the report that N-acetylgalactosamine content 
of mucus glycoproteins is considerably enhanced in adult rats as 
compared to 6-day-old animals (1 1). Some investigators have 
suggested that adult rat mucus glycoproteins, and microvillus 
membrane-bound glycoproteins, may contain a high percentage 
of side chains with N-acetylgalactosamine and galactose at non- 
reducing termini (9- 1 I). 

With regard to sialyl-transferase, its activity was variable ac- 
cording to the glycoprotein acceptor utilized. Using asialomucin 
as substrate, the soluble and the microsomal enzyme activities 
increased linearly from birth to  adulthood. In contrast, with 
asialofetuin, the soluble sialyl-transferase activity appeared only 
at weaning, whereas the microsomal activity showed a more 
complex pattern: it increased until the age of 2 wk, then decreased 
at weaning and increased again at adult ages. A difference in 
specificity of sialyl-transferases can be suggested by this variable 
behavior toward acceptors since bovine asialomucin is known to 
show a (2-6) specificity for 0-glycans while asialofetuin can 
present (2-3) and (2-6) specificities with 0- and N-glycans (3, 
36). Differences in the developmental pattern of enzymes syn- 
thesizing sialyl-(2-3)-lactose and sialyl-(2-6)-lactose are 
known in liver (37). Furthermore, the sialic acid level in glyco- 
proteins varies according to the type of intestinal membrane 
studied. The sialic acid level was previously described as similar 
in mucus glycoproteins of 6-day-old and adult rats (I I). In 
microvillus membranes, the sialic acid content was the highest 
in suckling rats with a maximum at the age of 14 days, then the 
content decreased at  weaning and continued at a low level in 
postweaning animals (8). Some authors have suggested that the 
desialylation of brush border membranes plays a physiological 
role in the differentiation process of enterocytes during the 
postnatal period and that it may be under hormonal control (38). 
Thus, the difficulty in finding a single specific relationship be- 
tween sialyl-transferase activity and sialic acid content in intes- 
tinal glycoproteins is evident. Nevertheless the importance of the 
weaning period in modifications of sialic acid levels has long 
been recognized. The investigations of Tojyo (7) on intestinal 
alkaline phosphatase (well known to be a glycoprotein enzyme) 
corroborate this observation. This enzyme, which produced only 
one band on gel electrophoresis of samples taken from fetal and 
suckling rats, showed three bands in postweaning and adult rats, 
and neuraminidase treatment modified the proteins' mobility. 
Moreover. y-glutamyl-transferase appeared in two different types 
in the small intestine: a sialic acid-rich fetal type and a sialic 
acid-poor adult type (5), but these investigators did not examine 
the structure of the enzyme obtained from suckling animals. 

The activity of soluble fucosyl-transferase was evident only 
after weaning but the microsomal enzyme, while very active at 
birth, declined in activity until weaning and to a similar level for 
the two glycoprotein acceptors. After weaning, the soluble and 
microsomal enzymes exhibited the same behavior. The increase 
of fucosyl-transferase activity observed with asialofetuin as ac- 
ceptor was higher than with asialoserotransferrin. As the relative 
enhancement with asialofetuin was more pronounced with age, 
a difference in specificity of fucosyl-transferases could be postu- 
lated, as was the case for sialyl-transferase. Indeed, we have 
recently observed the existence of a /3-galactoside a-(I-2)-fuco- 
syl-transferase and a /3-N-acetylglucosaminide a-(314)-fucosyl- 
transferase in intestinal mucosa (33). 

After separation of the products of p-elimination of the fuco- 
sylated asialofetuin, the absolute amount of the three products 
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was grea te r in 7-wk-o ld as co m pa red to 3-wk-o ld ra ts: however.
a sim ila r part ition of the fucose incorpo rat ed in peaks co rre 
spond ing to N-g lycans or to O- glycan s wa s observed. The m ucin
type O -glyca ns were predo m ina nt. O n th e other hand. th e stud v
of t he incorpora t io n o f fu cose in to phcnylgalactosc. generally
accept ed as relat ive to n -( 1-2 )-sp ec ific ity. co n firm s that there
are qua ntita t ive di ffe re nces of fucose incorpo ra t io n between ] 
a nd 7-w k-o ld rat s, Of interest wi ll be more complete in vcsti ga
tio ns on the spcc itic iry o f pu ri fied int esti nal fuco syl-transfcrasc:
suc h st ud ies a re p rese n tly in pro gress in o u r labo rat ory ( ,1]),

In p reviou s st ud ies o f th e ca rbo hyd ra te co m position of mu cu s
glyeoprotei ns ( I I) o r mi c ro vill us m e m bra nes (11 - 10) . so m e in 
ves tiga tors have demonstr a ted that the fuco se co nt en t is higher
in wea ned or ad u lt ra ts than in suc kling ra ts. Moreover. the
behavior of mi cro vil lus m em bra nes to wa rd specific lcctin s co r
robo rat es these resu lts (11 - 10 ), ;\ recen t st ud v o n bi osynt hesis
and transport of intestinal glycopro tcins has "shown th at . after
intralu mi nal inject io n . fucose wa s almost no nexi st ent in rats 6
da ys of age whereas it wa s h igh ly incorporated in 24-day-o ld ra ts
( 12) . T he age- Ida ted c ha nges of fucosyl -transfcrasc acti v it y ca n
part ly explain suc h resu lts,

In th e ra t int estine . the de velop m ental glyc osyla tio n pattern
sho ws two importa nt varia t io n stages : birth a nd wean ing, Ou r
st ud y shows two d isti nct peri od s fro m bi rt h to ad u lt age lor th e
modifi cations of glycosy l-lra ns ferase acti vitie s. wh ere we a n ing
see m s to be the critica l po int. So me age-rela ted m od i fi cati on s in
sia lylat io n or fucosylution o f mucus glyc oprotcins and mi crovi l
Ius m e m bra ne bo un d glyc oprotein» ca n he ex p la ined by the lev e l
of act ivit y of thc ell/ ym es responsi b le fo r sialic ac id or fucose
tran slCr. In suckli ng an im a ls. glycoprote in en/ym es suc h as
m al tase. lact ase . or alkaline pho sp hatase a rc presl'n t in h igh
a m o un ts as bo th so lub le a nd m e m hra no us fo rm s. wh erea s th ey
ex ist o n ly in th e membranou s I<lrJn in intesti ne o f adult animals
(J() , 40). ;\ cL'Ording to so m e aut hors (]9). th e so lub ility of these
en /,ym es co uld be d ue eithe r to mod ificat ion s o ft hcir
areas w hich pre ve n t (o r mak es un stahle ) the ir inser1 io n in to
me m hra nes or to poorl y de vel o ped rec ogn itio n ph en o m en a pos
sib ly in vo lving ca rbo hyd ra te seq ue nces.

T he ra t sma ll int estine undergOl's a co nce r l of m o rpho logica l
a nd e fl/ym a tic changl's at the weaning per iod and p m fo und
structural transform at ion s, These develo pmental c ha nges (pa rt l\
related to the activi ties of glycosyl-t ra ns ferases ) re sul t in a func
tio nall y ma tu re intestine co n ta in ing a ll o f the necessa ry di ges ti\e
el1l,ym es to co pc wit h th e ca rbo hyd m te -r ich d iet of adu lthood ,
In o th er publ ica tions (2 2. 23 . 41). we ha ve demonstrat ed tha I
int estina l glycosy l-t ra nslCrase act iviti es a rc di et se nsiti \e a nd arc
mod ified as well by qua n t ity as we ll as hy q ua lity of n u trien ts,
M oreo ve r. modificat ion s in glycosyla tio n m a y be im portant jl)r
haete ria-enteroe yte int eracti ons and th e glyeosy la t io n p m eesscs
cou ld possih ly be inlluen l'ed hy in testinal mi c ro llo ra . Indeed .
int rodu ct io n o f microorga nis m s in to th e in testine l'a n
glycosylati on processes, For e xa m p le. o hservat io ns on eOl1\ e n
tion a li/ ed m ice co mpared to germ- free m ice sh owcd that the
synthesis o f sugar chai ns in micro villu s memhran e-associated
glycoprotei ns wa s a ffe ct ed b \ th e int roduct io n o f in testina l mi
c ro o rga n isms and th at fucosyl-tran slCra se ac ti vit y was m odified
(4 2) .

It is apparent th at OUl' u nd ersta nd ing o f th e m ech ani sms of
in test inal glyc o pro te in hio synth esis. in relati on to dc\'elopml'nl.
is inc o m ple te. The relat io ns bet wLT n glycosyl-t ra ns fl.'ras e acti\ i
tics and glycopro te in st ruct u re a rc o fte n demonstra h le. hu t th e
reaso ns fll!' these profllUnd m odilica tion s in relati on to de \elop
me n t arc still to he determined .

, ldll()\\'/ec!gI/ WIl !S, T he a u tho rs thank Dr, D, .I, !"it/ge ra ld .
Int ern a t ional Agency fo r R.esea rc h o n ( ·ancer. I ,yo n. F rance fo r
th e e ng lish re vision o f the man uscript a nd a rc indehted to 1.
Ilugu e ny a nd F. I.e rm e 1< )1' their skilled tech nica l assistanl'l' and
to M . Bo urdat Il)r typ ing,
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