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In vitro biosynthesis of lactase in preweaning and adult rabbit
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Lactase is synthesized as a high-mannose lurge precursor {200 kDa) which Is subsequently complex-glycosylated (215 kIda) and split into the 150
kDa mature form. The regulatory mechanisms responsible for the decline of activity at weaning are not yel known, We have set up in vitro cultures
of intestinal mucosa from suckling and adult rabbit and found that suckling and adult animals synthesize the same four forms of lactase-phlorizin
hydrolase (LPH) but with a different distribution, [in the proximal adull small intestine there is very litlle 180 kDa form, which is most probably
a product of the 215 kDa complex-glycosylated precursor. The 130 kDa lorm comprises a greater percentage of total LPH in the middle of the
smail intestine in adull and particularly in suckling rabbits. In the lutter tissue this form is apparenily more stuble than in the adult tissue.
Posttranscriptional contrel of lactase synihesis is therefore dilTerent in the various parts of the adult small intestine, and it is different in the suckling
as compared 1o adult tissue,

Lactuse-phlorizin hydrolase biosynthesis; Luactase-phlorizin hydrolase pracessing; Preweaning (cabbit); Adult (rabbit)

1. INTRODUCTION

In mummals lactase activity is very high at birth and
declines to low levels after weaning (for a review see [1]).
In vivo and in vitro studies have demonstrated that the
enzyme is synthesized as a single-chain high molecular
weight high-mannose precursor (approximately 200
kDa), which is transformed into a complex-glycosylated
form and then split into the 150-160 kDa mature form
[2--5]. The primary structure of the lactase precursor
and of the mature lactase was deduced by rabbit and
human ¢cDNA sequence analysis [6]. The proteolytic
processing of prolactase to lactase appears to take
place, at least to a very large extent, intraceliularly [7.8].
The complex-glycosylated precursor is also present in
the brush border (M. Rossi et al., unpublished results),
where the conversion into the maiure form may also
occur, due to intraluminal proteases [9]. An intermedi-
ate 180 kDa form has been demonstrated in in vitro
studies in suckling rats [5].

Conflicting results on the molecular basis of adult-
type hypolactasia in mammals have been reported in in
vivo studies; lactase biosynthesis has been found to be
decreased [10] or not significantly changed at weaning
[11-13]. An enzymatically inactive, immunologically
cross-reacting 100 kDa polypeptide occurring in the
brush border membrane of the adult rat small intestine
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has been indicated as a possible degradation product
[11], whereas in a different study comparable protein
patterns were precipitated by antilactase monoclonal
antibodies from extracts of small intestine of prewean-
ing and postwaaning rats [14].

In the present study, we have set up in vitro cultures
of the suckling and adult rabbit intestine. No attempt
has been made to quantitatively compare the biosynthe-
sis rate in the adult and newborn intestine. On the con-
trary, we have compared the processing of the lactase
proteins in suckling and in various parts of the adult
simall intestine,

2. MATERIALS AND METHODS

2.1, Aninels
New Zealand white rabbils 13 days or six moniths old were usedl.

2.2, Aniibedivs
Monoclonal antibodies raised against human Lictase (mlac 5) have
been previously found o be uble to cross-react with rabbit iactase [15].

2.3, Organ culture

Ia the suckling anirmul mucosul specimens were obtained from the
middle region of the small intesting; in the adult animali they were
obtained from the middle region of the small intestine, from the prox-
imal jejunum, jusi alter the Treitz ligament, and from the distal ileum,
3-4 em before the ileum-coecal valve.

The explants were placed under the stereomicroscope with the mu-
cosal surface downwards, and the serosal and muscularis layers were
stripped. Explants (20 mg) were cut and pluced on grids. They were
preincubsaled for 1 h in Eagle’s Minimum Essential Mediurn (modi-
fied) with Earle's Salis (EMEM) in the absence of meihionine und
supplemented with 10% dialyzed fetal call' serurn. 150 w«Ci/ml
[*S]methionine was subsequently added for continuous labeling or
pulse-chase experiments,
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Fig. 1. 1deniification of LPH forms immunoadsorbed by the moneclonal antibady mlac 5. A. Fluorogram from a continuous labegling experiment
of preweaning small intestine. B. Coomussie brilliant blue staining of LPH purified from preweaning mucosa. C. Fluorogram from continuous
labeling experiments ol different regions of adult small intestine.

2.4, Immunoadsorption aid fluorography

The radiolabeled explants were homagenized in 50 mM NaCl, 25
mM Tris, pH 8.1, containing 100 ig/ml phenyimethylsulfonylfluoride
(PMSF). 10 #g/ml leupeptin, 17.4 gg/ml aprotinin, 2 gy/ml benzamid-
ine, 50 s#pg/ml soybeun trypsin inhibitor and 380 ug/ml EGTA as
protease inhibitors and subsequently selubilized by 0.5% MNonidet-P
40 and 0.5% deoxychelate. Lactase from fixed quantities of radiola-
beled proteins (cpm), precieared with protein A-Sepharose (Pharma-
¢cin, Uppsala, Sweden), was quantitatively immunoadsorbed by addi-
tion of an exeess of anti-lactase monoclonal antibodies coupled to
(CMBr)-aclivated Sepharose for 2 h at 4°C. Two washing sieps fol-
lowed, one with 145 mM NaCl, 0.5% Nonidet P-40, 0.05% deoxycho-
late, 0.01% sodium dodecylsulphate (8DS), 20 inM phosphate ptl 7.4,
and a second one with 0.5 M NaCl, | mM EDTA, 0.5% Nonidel Prai,
125 mM Tris pH 8.1. Finally the samples ware subjected to SD§-
PAGE [16] and fluorography by treatment of the gels with 2,5-diphen-
yloxazole (PPQ) and exposure Lo preflashed Kodak X-Omat AR films

al =80°C {17]. Quantificalion of bands was carried ou by densilomet.
ric scanning using Lhe laser densitometer Ullrosean XL (LKDB,
Bromma, Sweden).

2.5. Endo M ireaiment

Immunoadsorbed lactase was boiled for § min in 0.2% dithiothre-
ital, 0.3% SDS, 0.1 M citrate buffer pH 5.2, and diluted iwice with
citrale bulfer. 6.4 mU endoplycosidase H (Boghringer Mannheim,
Mannheim, Germany) and 4 mM PMSF were added, and an overnight
incubation at 37°C was performed,

2.6. pNGase F treatmnent

Immunoadscrbed lactase was bojled for 5 min in 1.3% dithiothre-
itol, 0.3% SDS§, 0.1 M phosphate pH 8.1 and diluted threefold with
0.1 M phosphale pH 8.6. 5 mp/mlalbumin, 1.25% Nonidet P40, 4 mM
PMSF, and 0.2 U glycopeptidase F (pNGase F} (Bochringer
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Fig. 2. Glycosidase treatment. Lactase detected in preweaning after 4

h (lanes 1-3) or 20 hh (lanes 4-6) of conlinuous labeling was digested

with endoglycosidase H (lanes 2 and 4) or pNalycosidase F (lanes 3
and 6).

Mannheim, Mannheim, Gernany) were added. The sample was incu-
bated overnight ut 37°C.
2.7, Disaccharidases aned procein assays

The encymalic and protein assays were perforined as previously
described {135].

3. RESULTS AND DISCUSSION

Table | summarizes the disaccharidase activities and
the label incorporation into total proteins in preweaning
rabbits and in the proximal, middle and disial regions
of the small intestine of adult rabbits. The linear in-
crease of radioactivity into total proteins confirmed the
applicability of the organ culture technique for studies
of lactase synthesis. The tissue samples after 20 k of
culiure showed the presence of apparently normal villi
with good preservation of the architecture of the surface
epithelium (data not shown). Only the 200 kDa form of
lactase was present in preweaning tissue afler 1 h of
labeling (Fig. 1A); at 4 h, 215, 180 and 150 kDa bands
also appeared; at 20 h the 180 and 150 kDa wers pre-
dominant. Only the 150 and 215 kDa bands were de-
tected in steady-state conditions in preweaning intesti-
nal mucosa (Fig. 1B), thus suggesting that the 200 and

Fig. 3. Relative lubeling distribution into LPH lorms in diiferent

vegions of adult small intestine and in prewedning lissue (cantinuous

labeling experiments). Resulls are expressed as incan & 8.D. (adulls

n = 35 suckiings i = 4). Full bars: 200-215 kDuy; dashed bars: 180 kDa;
dotted bars: 150 kDa,

180 kDa are transient forms. The 200 kDa was trans-
formed by endo H treatment into a {80 kDa form while
the mass of the other forms was only slightly modified
(Fig. 2: lanes 2 and 3). The pNGase F treatment (lanes
3 and 6) transformed the 215 and 200 kDa into a 180
kDa form, the 180 kDa in a 160 kDa form, and the 150
kDa mature lactase inte a 135 kDa product. These re-
sults suggest that the 180 kDa form is a proteolytic
product of the 215 kDa form.

The continuous labeling experiments performed in
different regions of adult small intestine (Fig. 1C),
showed that the label incorporation in lactase proteins
is higher in middle than in proximal jejunum and it is
very low in disial ilewm. The processing of lactase pro-
teins was different in the various parts of the adult
intestine and in the adult intestine as compared to the
suckling tissue. In the adult intestine the 215 kDa form
was present after 4 h and disappeared after 20 h of
labeling whereas it was clearly detectable in the suckling
tissue after 20 h (Fig. 1A). The mature 150 kDa species
(Fig. ?) was present in about the same percentage both
in the preweaning and in adult proximal and middle
intestine at 20 h. Interestingly the 180 kDa form ac-

Table I
Disuccharidases activities and label incorporation in praweaning and adult rabbit small intestine

Region Specific activities

(U/z protein: mean = S.D.)

Label incorporation
(cpm/mg protein % 107% mean  S.D.)

Laclase Sucrase Maltase lh 4 h 20h
Preweaning (n = &) 358 £ 23.7 73238 ISz 906 1.9z 1.4 10,6 + 10,3 30.0 £ 189
Adult (1 = 4} proximal 6.0 + 24 877 = 385 290.0 + 79.6 28225 14,7 + 8,3 691 £ 395
middle 6.4+ 39 101.3 = 354 3020 £ 120.6 29+ 1.6 1.9 + 8.0 40.1 £ 189
distal 5035 755 £ 479 264.2 £ 136.5 5.6+ 1.9 153 £ 6.2 40.9 = 9.5

[\
S
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Fig. 4. Fluorogiam [rom a pulse-chase experiment of preweaning
tissue,

counted for a larger percent in preweaning both 4t 4 h
(27%) and at 20 h (31.7%), while it was only 2,3% and
1.6% in proximal and 19.3% and 10% in middle jejunum
at 4 h and 20 h respectively (Fig. 3). These results sug-
gest that in preweaning tissue the processing is shified
toward the 180 kDa form more than in adult tissue or
that this form is more stable in preweaning tissue. Fi-
nally in distal ileum a very slow processing was found,
as the 200 kDa was predominant at all the examined
labeling times.

The pulse-chase experiments confirmed that the 200
kDa high-mannose precursor is first complex-glycosyl-
ated {215 kDa) at 1 h of chase and then split inte the
180 kDa and 150 kDa bands at 2 h (Fig. 4). Both
cleavage products appeared at Z h of chase and similar
results were obtained at 90 min (data not shown). On
the basis of this experiment it is therefore impossible to
know whether or not the 180 kDa product is an interme-
diate form on the way to the mature lactase. The same
lactase protein forms have been found in similar pulse-
chase experiments of proximal and middle parts of the
adult small intestine; in distal ileum due to the very low
label incorporation, pulse-chase studies were not per-
formed.

The relative distribution of LPH forms as a function
of time in pulse-chase experiments is reported in Fig, 5.
In preweaning tissue the 180 kDa form represents an
intermediate product that reached 32% of toal label at
7 h and then slowly decreased (o 20% of the total labeled
forms after 20 h (Fig. 5A). The 180 kDa form is tran-
sient also in adult tissue, with a more rapid decline, as
after 20 h of chase it is no longer evident. The 180 kDa
form is therefore apparently more stable in preweaning
tissue as compared to adult tissue. As the percentage of
the mature form at 20 h in preweaning is comparable
to that of adult tissue, we suppose that the 215 kDa
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Fig. 5. Relative label disiribution into LPH forms observed in pulse-

chase experiments performed in preweaning (A) and in adult proximul

(B) and middle jejunum (B). The same results were abtained in other

four suckling and 1wo adult animals. () 200-215 kDa, {(A) 180 kDa;
(¢) 150 kDa.

form may be split either to the 180 kDa form and then
into the mature form or directly into the 150 kDa form.
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In conclusion, we have observed the sume LPH forms
in preweaning and adult rabbit. We have demonstrated
the presence of a 180 kDa form in these tissues, which
is prabably a cleavage product of the 215 kDa form. In
the adult distal ileum there is a reduced production of
mature lactase with accumulation of the high-mannose
precursor form, In the proximal adult small intestine
there is very little 180 kDa form, which is more exten-
sively produced in the middle small intestine and partic-
ularly in the suckling intestine; in this latter tissue this
form is apparently more stable than in the adult tissue,
Post-transcriptional control of lactase synihesis is there-
fore different in various parts of the adult small intestine
and it is different in the suckling as compared to adult
tissues. At the moment it is unknown if these differences
are related to the decline of lactase activity oceurring in
mammals at weaning,.
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