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ABSTRACT

Twenty-four Holstein steer calves (88 + 3kg) wilomasal catheters were randomly assigned withiaksido one
of four treatments. The treatments consisted af &demasal infusions: water (control), 4 g/kg BWaf partially
hydrolyzed starch (SH), 0.6 g/kg BW.af casein, and a mix of SH + casein. The smadisitite was collected and
five equidistan, 1m sites were identified (duodenejunum 1, jejunum 2 jejunum 3 and ileum). Msdtapecific
activity in mucosal homogenate and brush border brare vesicles, SGLT1 protein abundance, and sedium
dependent glucose uptake in brush border membrasielgs did not differ between the calves receidifiigrent
abomasal infusion treatments. However, maltaseiipeactivity in homogenates and brush border memé
vesicles increased four-fold from the duodenunh#ofirst jejunal site before declining steadily tods the ileum
(p=0.0145 p=0.0020, respectively). The SGLT1 abuedadiffered by intestinal sampling site (p=0.016Phese
data indicated that cattle might not have the apito alter the capacity for glucose uptake whealleimged with
different substrates and that the regulation of $GEexpression could differ between bovine and atpecies.
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INTRODUCTION Animals fed concentrate diets have increased
glucose availability in the lumen of the small
Differences in the ruminal degradability andintestine compared with animals fed forage. Starch
digestibility of dietary starch and protein influencedigestion in the small intestine is more
not only the extent of microbial fermentation andenergetically efficient than ruminal fermentation
protein synthesis in the rumen, but also théHarmon and McLeod, 2001). However, any
availability of nutrients to the post ruminal starch that escapes assimilation in the small
digestive tract. The majority of dietary starch isintestine is subject to fermentation in the large
digested in the rumen, but the extent of ruminaintestine where efficiency is lowest. Therefore, it
digestion varies with animal species, grainis critical that the capacity for small intestinal
processing and other dietary factors (Owens et afigestion not be exceeded.
1986). For ruminants, glucose availability to thelt is thought that, in the small intestine, glucose is
small intestine is highly dependent on diettransported across the brush border membrane of
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enterocytes by the Na+/glucose cotransportggouches. The pouches were identified, frozen in
(SGLT1; Wright, 1993). In other mammalian liquid N and stored at —8TC.
species, the functional and structural adaptation in
the digestive system are attributed mainly to/esicle preparation and assays
characteristics of the diet. Shirazy-Beechey et ajll the procedures were done on ice@ and
(1991) demonstrated that in sheep the expressigtiush border membrane vesicles (BBMV) were
of intestinal SGLT1 is directly linked to the levels prepared according to Kessler et al. (1978) as
of luminal monosaccharides. However, no suclnodified by Shirazi-Beechey et al. (1991). The
evidence exists in cattle. Increasing smalfrozen tissue was placed in buffer (100 mM
intestinal protein has increased starch digestiomannitol, 2 mM HEPES adjusted to pH 7.1 with
(Taniguchi et al., 1993; Richards et al. 2002) andris at £C), thawed and then cut in small pieces.
pancreatica-amylase secretion (Richards et al.,A vibration mixer (CHEMAP AG CH-8604,
2003) and expression (Swanson et al., 2002) igolketswill, Switzerland) setting at 80 was used (2
ruminants. Based on the strong influence proteif 1 min) to release the cells from the basal lamina.
(casein) has on intestinal physiology in ruminantshe tissue was filtered through a Biichner funnel
it could be hypothesized that the luminal presencg obtain the original homogenate. Magnesium
of protein (casein) could affect the intestinalchioride was added to a 10mM final concentration,
expression of SGLT1. The objective of this studyand the suspension was stirred for 20 min. Brush
was to evaluate the interactions of intestimal porder membrane vesicles were enriched by
linked glucose and casein on glucose transportefifferential centrifugation (5 min at 3,000 x g and
activity along the length of the small intestine of30 min at 30,000 x g). The pellet was resuspended
the bovine. in buffer (100 mM mannitol, 20 mM HEPES

adjusted to pH 7.5 with Tris af@), homogenized

by 10 strokes in a Potter-Elvehjem homogenizer

MATERIALS AND METHODS and recentrifuged (30,000 x g, 30 min). The final
pellet was resuspended in buffer (300 mM
Animal and abomasal infusion treatments mannitol, 0.1 mM MgS@Q 20 mM HEPES

The surgical procedures, diet, animal care angddjusted to pH 7.5 with Tris af@) and stored in
treatments were previously described (Swanson guid nitrogen. Protein concentration of the
al., 2002). Briefly, twenty-four Holstein steer homogenate and vesicles were determined with
calves (88+ 3 kg) with abomasal catheters werepovine serum albumin as the standard (Lowry et
fed an alfalfa-based diet and randomly assignedl., 1951). Maltase activity was assayed by the
within the block (week of infusion) to one of four method of Turner and Moran (1982). The maltase
treatments: water (control), 4 g/kg BW.dof  specific activity was expressed as micromoles of
partially hydrolyzed starch (SH), 0.6 g/kg BW.d product formed per minute of incubation per
of casein and a mix of SH + casein. The infusiomilligram of protein incubated. Enrichments in
rate. was 125 mlL/h for all treatments. Thethe brush border membrane preparation were the
abomasal infusion periods were 10 d. quotient of specific activity (maltase) in the BBM
preparation and the initial homogenate.
Tissue collection
The animals were killed by the intravenousAssay of Nd- dependent glucose transport
administration of pentobarbital sodium (170 mg/kgNa’- dependent glucose transport in the BBMV
BW, Sigma Chemical,USA). The small intestinewas measured at 37°C in the presence of either
was cut free of attached mesentery and loopedaSCN or KSCN using the rapid filtration stop
around pegs attached to a 2 m measuring boangchnique solution as described by Bauer et al.
Using this scheme the total length could bg2001). Uptake measurements were performed in
quickly determined and five equidistant, 1 m sitesriplicate. Sodium-dependent glucose uptake was
were identified (duodenum, jejunum 1, jejunum 2the difference between Nand K incubations.
jejunum 3 and ileum) and cut free. The sections
were flushed with ice-cold saline, divided in threeimmunoblot
equal lengths, everted, rinsed twice by immersioProtein abundance of SGLT1, alkaline
in ice-cold saline and placed in aluminumphosphatase and GLUT2 were determined in
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homogenates and BBMV by Western blotting andigainst the molecular weight or size markers 10-
enrichments calculated as described previousli{da protein ladder from Invitrogen, USA and and
(Rodriguez et al., 2004). Proteins (4@/lane) 0.2-10Kb RNA ladder from Sigma Chemical,
were separated in a 7.5% SDS PAGE, antUSA, respectively.

electrotransferred to a 0.4Bn nitrocellulose

membrane (BioRad, USA). The membrane wa$tatistical Analysis

then incubated with rabbit anti-rabbit SGLT1Data were analyzed as a split-plot design using the
(Alpha diagnostic, USA), calf anti-rabbit alkaline GLM procedures of SAS (1988). The whole plot
phosphatase, (Biodesign, Saco, Maine) or rabbificluded block (group of 4 calves) and treatment
anti-rat glucose transporter 2, (Alpha diagnostic)effects (starch, casein and the starch x casein
The membranes were then incubated with #teraction). The block with in treatment term was
donkey anti-rabbit 1gG horseradish peroxidaséised as the whole-plot error term. The split-plot
conjugated secondary antibody (Amersharsources of variation included intestinal site and the
Bioscience, USA). Immunoreactive products werdnteractions of starch and casein with intestinal
visualized by chemiluminescence (Pierce, USAFpite. Differences were considered statistically
and exposed to film (AmershamBiosciencesgignificant when R 0.05.

USA).

Isolation of RNA and Northern Blot RESULTS

Total RNA was isolated from tissue samples using

Trizol ® Reagent (Invitrogen life Technologies, Regarding the BBMV preparation, on average, the
USA), in a guanidinium thiocyanate/ enrichment for SGLT1 and alkaline phosphatase in
phenol/chloroform extraction procedure BBMV were five times higher than the enrichment
(Chomczynski and Sacchi, 1987). The final pellefor GLUT2 (Table 1). The higher presence of
was resuspended in RNAse free water and storésiGLT1 compared with GLUT2 in BBMV showed
at -80°C. The poly (A}yselected mRNA was that the vesicle preparations contained brush
extracted using the Polytract® mRNA isolationborder membranes with a low contamination of
system (Promega, USA). Three micrograms obasolateral membranes. The level of alkaline
poly (A)" were size-separated by electrophoresiphosphatase enrichment also indicated that
using a 1% agarose, 20 mmol/L formaldehyde geljesicles were obtained from apical membranes
transferred by downward capillary action to a 0.45vhere the SGLT1 transporter was located. Both
um nylon membrane, air-dried and covalentlyresults indicated a consistent preparation of
cross-linked by UV light. The samples were thermembranes independent of site.

hybridized with2P-labeled rabbit SGLT1 cDNA The maltase specific activity in vesicles and
(Hirayama et al., 1996) in a solution containingnomogenates did not differ by the treatment (Table
1% bovine serum albumin, 243 mmol/L sodium3). On the other hand, maltase specific activity in
dodecyl! sulfate (SDS), 500 mmol/L PO, (pH homogenates (Table 2) increased four-fold from
7.2) and 1 mmol/L EDTA for 15h at 35. After the duodenum to the first jejunal site before
hybridization, the blots were washed 3 x 15 min a@leclining steadily towards the ileum (p=0.0145).
55°C, 57C and 59C respectively. The washing For the vesicles, maltase specific activity also
solution contained: 40 mmol/L MRO, (pH 7.2), increased four-fold from the duodenum to the first
3.5 mmol/L SDS and 1 mmol/L EDTA. Blots then Part of jejunum, but there was a smaller decrease

were exposed to autoradiographic film overnighffom the beginning to the middle of jejunum, and
(AmershamBiosciences, USA). then it decreased toward the ileum (p=0.0020).

Maltase enrichment was not affected by small

Densitometry and molecular size determination  intestinal sampling site but tended to be lower at

The autoradiographic film from immunoblot and the first jejunal site (p=0.0935).

northern blot was scanned (HP DeskScan Il, USA]he sodium-dependent glucose uptake differed by
and the UN-SCANIT software program (Silk the intestinal sampling site (p< 0.0001). Sodium-

Scientific, USA) was used to determine thedependent glucose transport was maximal in the
intensities of the band. Apparent sizes werdluodenum and decreased from the duodenum to

calculated by regression of the distance migratetle middle of the jejunum and then decreased ten-
fold from the middle of jejunum to the ileum
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(Table 2). However, there was no effect of the
treatment on sodium dependent glucose uptake

(Table 3).

Table 1- SGLT1, GLUT2 and Alkaline phosphatase enrichméait brush border membranes.
Protein Average Enrichment SEM
SGLT11 491 1.85
GLUT22 1.14 0.18
Alkaline Phosphatase 5.57 1.76

n=4

2n=g

Table 2 - Maltase specific activity (MSA) in vesicle andrhogenate, SGLT1 abundance and Na-dependent glucose
uptake along the small intestine of calves infusél water, HS, casein and HS + casein.

Small Intestinal Site Effect
Duodenum Jejunum1 Jejunum2 Jejunum3 lleum SEM' Site
Homogenate MSA 0.028 0.131 0.074 0.067 0.042 0.013 0.0171
Vesicle MSA 0.081 0.323 0.319 0.264 0.155 0.034 0030
Enrichment’ 7.6 3.42 6.00 6.10 6.37 0.582 0.0935
SGLT1 Abundance 1.62 2.08 2.57 1.95 1.00 0.218 6201
Na-dependent 69.29 39.12 23.71 2.28 2.82 3.707  <0.0001

glucose uptake
! Standard error of mean, n = 24.
2umol of end product x mg of protein incubatéat min of incubation™
% vesicle/homogenate
4pmol.mg™ xs™

Immunoblot analysis for SGLT1 indicated aDISCUSSION

protein of 79.8% 10.00 kDa (Fig. 1). The SGLT1

abundance differed by intestinal sampling sitéThere is considerable evidence that nutrient
(p=0.0162). It increased from the duodenum to th&ansporters in the small intestine are regulated by
middle of jejunum and then decreased (2.5 foldjliet. For example, diets with high amounts of

toward the ileum. Nevertheless, SGLT1carbohydrate are able to increase glucose transport
abundance did not differ between treatmentén the small intestine of rats (Miyamoto et al.,
(Table 3). 1993). In addition, there is evidence that the

Northern blot analysis confirmed the presence ocdbundance and the activity of SGLT1 are regulated

SGLT1 mRNA in all sections of the small by the dietary carbohydrate for non-ruminants

intestine (Table 4). The size of the band for(Ferraris et al., 1989) and ruminants (Shirazi-

SGLT1 mRNA was 4.0 kb in all treatments. Beechey et al., 1991; Lescale-Matys et al., 1993).
The apparent lack of an adaptive response may
guestion the role of SGLT1 in carbohydrate
assimilation in cattle.

; F B 1 B
3 '

79.89 kDi ey, ' “ "
D

J1 J2 J3

Figure 1 - Representative immunoblot indicating the SGLTdspnce along the small intestine of
calves. D=Duodenum; J1=Proximal jejunum; J2= Middjanum; J3= Distal jejunum
and I=lleum
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Table 3 - Maltase specific activity (MSA), SGLT1 abundancel &Na-dependent glucose uptake in calves receiving
abomasal infusion of water (control), HS, caseirl8 +casein.

Treatments Effect

Control HS Casein HSx SEM1 Starch Casein HS x

Casein Casein

Homogenate MSA2 0.047 0.091 0.059 0.067 0.013 ®323.3376 0.9776

Vesicle MSA 0.140 0.250 0.250 0.274 0.034 0.8202809%6 0.6403

Enrichment 3 6.07 5.25 6.72 5.57 0.582 0.2656 ®B440.7252

SGLT1 Abundance 2.16 1.85 1.70 1.65 0.218 0.235@B292 0.1375
Na-dependent glucose 17.39 32.89 28.33 31.16 3.707 0.5665 0.6259 0.9315

uptake4
! Standard error of mean, n=6.
Zumol of end product x mg of protein incubatéc min of incubatior™
3 vesicle/lhomogenate
4pmol.mg™*xs™

Table 4- SGLT1 mRNA abundance (arbitrary units) alonggh®ll intestine in calves receiving abomasal iofus
of water (control), HS, casein, or HS +ca8ein

Small Intestine SGLT1 mRNA Abundance Standard Error
Site

Duodenal 0,08 0.29
Jejunum 1 0.22 0.09
Jejunum 2 0.41 0.11
Jejunum 3 0.59 0.16
lleum 0.19 0.07

n=4

The objective of this study was to evaluate thareatment was eliciting physiological effects on

interactions of intestinaki-linked glucose and the calves.

casein on SGLT1 expression, abundance arfdrush border membrane vesicles (BBMV) are

transporter activity along the length of the smalcommonly used to study the nutrient transport,

intestine of the bovine. It was hypothesized thagnzyme activity, and identify proteins present in

since casein infusion increased the intestinal stardhe brush border membrane. The uptake studies
disappearance (Richards et al.,, 2002) andere done using brush border membranes from the
increased the pancreatic-amylase secretion small intestine. To determine the success of the
(Richards et al., 2003) it would also increase th&BMV preparation, the maltase enrichment was

glucose transport from the small intestinedetermined. Results indicated that maltase
Mabjeesh et al. (2003) reported that in sheepnrichment was the same for all the samples,
casein increased SGLT1 activity in the mid-regardless of treatment and site. Thus, the glucose
jejunum. However, unlike other work (Shirazi- transport results probably reflected the effect of

Beechey et al., 1991;Shirazi-Beechey et al., 1983)eatment and site on the transport and not
showing adaptive responses to increased intestindifferences in the vesicle preparation.

glucose in lambs, there was not an adaptivéhe presence of HS and/or protein did not change
response to the increased intestinal starch (Bau#re maltase activity (Table 3) over the small

et al., 2001) or starch and glucose (Rodriguez éttestine of calves. It confirmed the hypotheses

al., 2004) in cattle. This lack of increase inproposed by Harmon (1992) that the intestinal

activity of SGLT1 was also seen in the presenmucosa has a limited ability to change the

work in response to increased intestinal starch ardisaccharidase activity in response to diet.

casein. Swanson et al. (2002) reported changes litbwever, present results were different from those
the pancreatic amylase expression and pancreatibserved in steers (Bauer et al., 2001; Rodriguez
weight, indicating that abomasal infusion
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et al., 2004) where higher maltase activities wer€oncerning SGLT1 protein expression, a higher
obtained in animals abomasally infused with HS. abundance of SGLT1 protein in the proximal and
The values for sodium-dependent glucose uptakmiddle jejunum, independent of treatment (Table
ranged from 69.29 pmol.riigs® for duodenal 3) was found. This observation was in contrast
samples to 2.28 pmol.iig* for the samples from with the previous study which indicated a linear
the ileum. These values were similar to thoséncrease in the protein abundance proceeding
(36.84 — 2.0 pmol.mys™ ) found by Rodriguez et distally along the small intestine of steers
al. (2004) but lower than those (2624 pmol.mg (Rodriguez et al., 2004). As reported by Dyer et al.
1s1) reported by Bauer et al. (2001) in cattle and1997), changes in SGLT1 abundance along the
those (347+ 130 pmol.mg.s* ) reported by smallintestine of sheep could indicate variation in
(Shirazy-Beechey et al., 1991) in the duodenum dhe sodium-dependent glucose transport capacity
suckling lambs. However, the present results werever the segments. However, there was no change
higher than the ones reported by Shirazy-Beechdfp SGLT1 activity of brush border membrane
et al.. (1991) in lambs (12 —wk-old) and adultvesicles of cattle (Rodriguez et al., 2004).

sheep (6.1+ 0.7 and 4.0+ 1.5 pmol.mg.s*, The SGLT1 transport activity analysis showed no
respectively) differences in glucose transport within distinct

Another important aspect to be considered is thi@testine locations. The highest glucose uptake
SGLT1 mRNA presence and distribution along theccurred in the duodenum and decreased along the
small intestine. The performed northern blottinggmall intestine. This pattern of glucose uptake was
analysis evidenced the presence of SGLT1 mRNAlfferent from sheep (White et al., 1971), steers
in all the small intestine sections evaluated. ThéKrehbiel et al. 1996; Bauer, 1996) and dairy cows
transcripts consisted of a band of approximatel{Zhao et al., 1998) where the highest glucose
4.0- kb and the band was similar for all theactivity occurred in the jejunum. This could be
treatments. In accordance with these result§ecause of the age of the calves as the calves were
Wood et al. (2000) evidenced a major band ofpproximately 3 months old. Dyer et al. (1997)
approximately 4.4-kb for the pre-ruminant calfstudied the influence of age on sodium-dependent
intestine and Zhao et al. (1998) reported th&lucose transporter activity and SGLT1 abundance
presence of SGLT1 mRNA in many regions ofin the lambs and observed a decline in the
lactating bovine intestinal tract, including rumen,transport and SGLT1 abundance with increasing
omasum, duodenum, jejunum, ileum and cecunfde. Khan et al. (2009) evaluated the age effect in
Although the northern blotting analysis wasfat SGLT1 expression over three stages of
performed for only one block (6) of the animals, itdevelopment (suckling, weaning and mature) and
was observed that SGLT1 expression increase@pserved a higher abundance of the protein in the
from the duodenum to the middle of the jejunumWeaning animals indicating that age and
The amount of SGLT1 mRNA then decreasedjevelopment could influence the gIUCOSE transport.
from the middle of the jejunum to the ileum.Present results showed no correlation among
Kojima et al. (1999) also showed an increase§GLT1 transport activity and protein presence
expression of SGLT1 mRNA in the initial portion along the small intestine of the experienced
of jejunum in rats. However, Barfull et al. (2002)animals. ~ This could be due to: the SGLT1
did not find local differences in SGLT1 mRNA molecules in the membrane were not functional or
expression along the intestine of chickens. As th&ere being regulated by an unknown mechanism;
presence of SGLT1 mRNA alone did not establisfihe involvement of other sodium dependent
the presence of the protein; western blotting an@roteins, or the presence of other processes that
uptake studies were done to confirm that SGLTlimited the intestinal carbohydrate assimilation
had a functional role along the small intestine. ~ along the small intestine. Although, this behavior
Immunoblot analysis revealed an 80 kDa band fowas different from other species such as sheep
SGLT1 in all the segments of the small intestindShirary-Beechey et al, 1991; Dyer et al 1997),
(Fig. 1). The observed molecular weight of SGLT1rats (Miyamoto et al., 1993) and humans (Dyer et
in this experiment was consistent with theal., 1997), it agreed with the previous study in the
molecular weight of SGLT1 in the mammaliansteers, which indicated that SGLT1 abundance did
species, which was between 60 to 82 kDa (Peerd®t correlate with Na-dependent glucose transport

and Wright, 1984; Koepsell, 1986). (Rodriguez et al., 2004). Wright and Loo (2000)
suggested that SGLT1 was able to transport water

Brazilian Archives of Biology and Technology



Influence of Starch and Casein Administered Postraty 969

as well as glucose and sodium, which mighCromczynski, P. and Sacchi N. (1987), Singipst
indicate a possible role of SGLT1 in the water method of RNA isolation by acid guanidinium
transport in the distal small intestine. Aschenbach Eh'ocga”atleéghigg'fggmform extraction.Anal.
et al. (2000) reported that SGLT1 was present in °'0CNem. 10, 156-159. 0 =

the rumen epithelial tissue, a tissue with little or ng*Ye" J- Barker P.J., and Shlraz[-Bee'%hey SHIML
access to free glucose, and it was functional in Nutrient regulation of the intestinal Nglucose co-

. . . transporter (SGLT1 ene expressioBiochem.
vitro with tissue from fasted sheep (Gabel and Bioprlmoys. Res(. Comm)uﬂ%O 624-629.

Aschenbach, 2002). These results suggest that theer, J., Hosie K.B., Shirazi-Beechey S.P. (1997)
role of SGLT1 could be quite different in the Nutrient regulation of human intestinal sugar
ruminant as compared to the non-ruminant. transporter (SGLT1) expressid@ut, 41, 56-59.
In summary, the present work providedFerraris, R. P., Lee P.P., and Diamond J.M. (1989
information about the glucose transporter activity Origin of regional and species differences in
and expression along the small intestine of the ggestmal glucose uptakém. J. Physiol.257, G689-
calves receiving starch and casein infusions. | :
suggested that increased small intestinal flow oﬁg?bel’ G. and Aschenbach, J.R., (2002), Influerice o
X . ood deprivation on the transport of 3-O-methyl-
_starch and/or [casein did not affect the small alpha-D-glucose across the isolated ruminal
intestinal ~ sodium-dependent  glucose  uptake, gpithelium of sheepl. Anim Sci.80, 2740-2746.
SGLTl prOtem abundance and maltase aCt|V|tyHarmon, D. L. (1992), D|etary inﬂuences on
However, small intestinal sampling site did carbohydrases and small intestinal starch hydmlysi
influence the maltase activity, sodium-dependent capacity in ruminantsl. Nutr, 122, 203-210.
glucose uptake, and SGLT1 abundance. Resultgarmon, D. L. and McLeod K.R. (2001), Glucose
also indicated that sodium-dependent glucose uptake and regulation by intestinal tissues:
transport activity, as related to small intestinal implications and whole-body energetic. Anim.

i ; ; « Sci, 79 (E. Suppl.), E59-E72.
sampling site, was not directly correlated with .
SGLT1 abundance. Hirayama, B.A., Lostao, M.P., Panayotova-Heiermann,

M., Loo, D.D., Turk, E., and Wright, E.M., 1996.
Kinetic and specificity differences between rat,
human, and rabbit Na+- glucose cotransporters
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