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(ABSTRACT)

This study was designed to determine whether feeding an Aspergillus
product would influence growth or feed utilization and intestinal mucosal cell
function as indicated by uptake of methionine and glucose by isolated intestinal
brush border membrane vesicles (BBMV). In Experiment 1, 24 weanling pigs
were paired by sex, BW, and litter and were allotted, within pairs, to either an
18% CP corn-soy diet (control) or the same diet supplemented (.15%) with an
Aspergillus product. There were no differences (P > .05) in ADG, daily feed
intake, or feed/gain betweén the two groups. In Experiment 2, 24 weanling wether
lambs were paired by BW and were randomly assigned within pair to a 14% CP
diet containing 61.1% cracked corn, 17.3% soybean meal, and 15% ground
orchard grass hay (control) or the same diet fortified (.07%) with an Aspergillus
product. There were no differences (P > .05) in ADG, daily feed intake, or
feed/gain between the two groups. Enrichment of alkaline phosphatase in BBMV
used in transport studies were 12.7-fold higher in pigs and 5.6-fold higher in lambs



over the original homogenate. Feeding the Aspergillus product did not change
intestinal mucosal weight or total specific activities of alkaline phosphatase,
sucrase, or Nat/KtATPase in intestinal mucosal cells of pigs. Total uptake, Na*-
dependent uptake (including Ky, and Vyyax), Nat-independent uptake (including
Km and Viqax), and diffusion of methionine and glucose were not changed by
feeding the Aspergillus product. In lambs, jejunal mucosal weight decreased (P <
.08) in response to the inclusion of the Aspergillus product, but the intestinal
enzyme profile was not changed. The supplementation of the Aspergillus product
tended to reduce the capacity for total uptake of glucose by jejunal and ileal
BBMYV largely due to decreased Na*-dependent glucose uptake. The V45 for
Na*-dependent glucose uptake was greater ( P < .03) in BBMV from lambs fed
the control diet but K,,, was similar for both groups. Total uptake, diffusion, and
the kinetics (K and Vipax) of Nat-dependent and Na*t-independent uptakes of
methionine were not influenced by diet. Sucrase activity of pigs was
approximately 14% greater in the ileum than the jejunum. Alkaline phosphatase
activity was approximately 500% greater in the jejunum than the ileum of lambs.
Jejunal BBMV from lambs exhibited a greater capacity for total (P <.04), Na*-
dependent (P <.03), and diffusion (P <.11) uptake of glucose compared with ileal
BBMV. The Vy,x for Nat-dependent (P < .002) and Na't-independent (P < .006)
glucose uptakes were greater in jejunal BBMV than ileal BBMV from lambs. The
relative importance of mode of uptake varied with substrate concentration for both
glucose and methionine. Except for a decreased capacity for glucose uptake in
lambs, feeding the Aspergillus product did not influence intestinal uptake of

glucose or methionine.
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Chapter I

Introduction

Probiotics (microbes and their metabolic by-products) are of interest as feed
additives for both ruminants and non-ruminants to improve the efficiency of
animal production for intensive management programs. This is partly because the
use of antibiotics has a number of disadvantages such as the concern about
possible tissue residues and the non-selective inhibitory effect on bacterial species
in the gastrointestinal tract.

Alterations in the gastrointestinal microflora may have a marked effect on
animal performance. Weaning animals at an early age is a common practice used
to maximize animal productivity. However, early weaning can cause severe
negative impacts including alteration of mucosal enzyme profiles and the
morphology of absorptive cells, which leads to a subsequent reduction of intestinal
transport capacity. The occurrence of some of these alterations has been linked to
the absence of a normal gastrointestinal microflora. The administration of
probiotics to weanling and young animals sometimes is effective in preventing or
overcoming these problems. The animal feed industry is able to produce large
quantities of probiotics economically. For these reasons, several probiotics
currently are available commercially.

Among these, Aspergillus products are becoming widespread in their use
due to their potential beneficial effects including increased nutrient digestibility,
milk yield, and BW gains, although the responses are varied. The emphasis of

most research has been on the effect of Aspergillus products on alteration of



nutrient digestibility or ruminal microbial fermentation that may lead to
improvements in animal performance. However, the modes of action still are not
clear. There is no direct evidence that Aspergillus products affect nutrient
digestion and absorption in the small intestine. However, the potential for such
modes of action should not be ignored.

The objective of the present study was to evaluate the possibility of altered
intestinal transport in response to the feeding of Aspergillus products to pigs and
lambs. Specific objectives included the study of glucose and methionine transport
by brush border membrane vesicles prepared from enterocytes obtained from pigs
and lambs that were fed a control diet or a diet fortified with an Aspergillus
product. Glucose was chosen as a substrate because it is a major form of
carbohydrate absorbed from the small intestine, especially in pigs. Methionine was
selected as a test amino acid because of its importance as a dietary essential amino

acid and as an amino acid that frequently may be limiting production.



Chapter 11

Review of Literature

Amino Acid Transport in the Small Intestine

The cellular requirement of amino acids for tissue protein synthesis and
metabolism is met by the cellular biosynthesis of some amino acids and the
transport of other amino acids across the enterocyte of the small intestine. The
small intestine is the primary site of amino absorption into mesenteric blood
vessels in ruminant and non-ruminant animals. Transport of amino acids into
blood vessels occurs by three continuous processes involving first the absorption
of amino acids across the intestinal brush border membrane, ther diffusion of the
amino acids through the cytoplasm and finally liberation of these compounds
through the basolateral membrane into mesenteric blood vessels (Argiles and
Lopez-Soriano, 1990). For the most part, the early studies on the gastrointestinal
transport of amino acids were associated with monogastric animals such as the pig,
rat, rabbit, and guinea pig (Munck and Rasmussen, 1979; Sepeulveda and Smith,
1979; Munck, 1983) Relatively little information is known about transport of
amino acid in ruminants. Several studies have demonstrated that peptides are
readily absorbed and may play important roles in the overall supply of amino acids
to tissues in ruminants (DiRienzo, 1990; Seal and Parker, 1992; Koeln et al.,
1993). However, the significance of peptide transport still remains largely

unexplored, especially with ruminants. Details of the current knowledge of amino



acid and peptide transport have been well reviewed (Matthews, 1975; Adibi and
Kim, 1981; Webb, 1986; 1992).
The Significance of Site of Amino Acid Transport. The capability of

amino acid transport in the small intestine is largely associated with the anatomical
changes along the small intestine. It is generally agreed that transport activities
vary with intestinal site. The middle to lower jejunum in monogastric animals
such as the rat, guinea pig, and human has been identified as the primary site of
amino acid absorption (Matthews and Laster, 1965; Schedl et al., 1968; Baker and
George, 1971). In ruminants, however, the ileum is considered as the more active
site for some amino acid transport. In sheep, it was shown that the ileum possessed
the greatest absorptive capacity for threonine and valine and that the same amount
of methionine was absorbed from the jejunum and ileum (Phillips et al., 1976).
Presumably, the regional difference of amino acid transport may be due to varying
affinities of the collective compliment of transporters, the capacities of
transporters for individual amino acids, and the distribution of transporters along
the intestine (Webb, 1992). According to Wilson and Webb (1990a), ileal brush
border membrane of the bovine has a greater uptake capacity compared to jejunal
brush border membrane. Additionally, they noted that methionine transporters had
lower affinities and higher capacity for that amino acid than did lysine transporters
in both the jejunum and the ileum. Transport studies that have investigated the pH
dependence of amino acid transport have led to controversial results. Stingelin et
al. (1986) observed that glutamate uptake was stimulated while lysine uptake was
depressed at pH 4 compared to pH 5.5 or 7. But, leucine uptake was not
influenced by the alteration of pH in ovine duodenal tissue. Wakeham and Webb

(unpublished) observed that the uptake of methionine by bovine brush border



membrane vesicles (BBMV) was not influenced by changes in pH ranging from
5.0 to 8.0. Maenz et al. (1992) reported that the maximal transport of acidic amino
acids, L-glutamic and D-aspartic acid, by brush border membrane of rabbits was
represented by an optimal pH of 7.0. The range of pH from 7.2 to 8 appears
optimal for intestinal proteases. In the ruminant, the contents of the small intestine
usually reach this range in the last one-half to two-thirds of the intestine (Ben-
Ghedalia et al., 1974). Thus, the luminal environment of the ileum in the ruminant
may have more desirable conditions for maximal proleolytic activities and
transport capacity for amino acids.

In comparison with amino transport of rat, hamster, and human intestine,
several studies of intestinal amino acid transport with rabbits demonstrated that the
distal ileum had the maximal rate of transport (Munck, 1985; Munck and Munck,
1992a). The significance related to intestinal region is still not completely
understood. Conceivably, species difference may be an important factor in
determining the predominant site of amino acid transport.

Amino Acid Transport Systems. The brush border membrane possesses

transport systems including simple diffusion, carrier mediated facilitated diffusion,
and energy dependent active transport. In simple diffusion, a type of passive
transport, amino acids traverse the bilayer membrane unaided by transporters. In
facilitated transport systems specific transporters called permeases aid in the
transport of amino acids. In active transport systems, metabolic energy is
consumed to shift amino acids against a concentration gradient. Crane et al.(1961)
proposed the first explanation of Nat-dependent active uphill transport of glucose
by the flux of Na™ gradient. This viable hypothesis was later extended to active

transport of amino acids by Curran et al. (1967). In general, cells maintain a low



intracellular Na™ concentration and a high intracellular K* concentration along
with a net negative electrochemical potential inside (Darnell et al., 1990). This
electrochemical potential gradient generated by the Na™/K* pump provides free
energy for active transport of amino acids. The overall process of this transport
mechanism is that the Nat/KTATPase located in the basolateral membrane of the
enterocyte drives three Na* ions out of and two K+ ions into the cytoplasm at the
cost of one molecule of ATP (Fujiata et al., 1972). The two categories of carrier
mediated transporter are saturable, so these systems have binding affinity constants
(Km) and maximum rates of transport (Vipax)- The active transport of peptides is
proposed to be driven by cotransport with H' and an electrochemical gradient
(Ganapathy and Leibach, 1985). The Na*/H™ exchanger in the brush border
membrane is responsible for maintaining the proton gradient.

A number of distinct carrier mediated amino acid transport systems have
been classified according to various categories of amino acids such as neutral,
basic, and imino acids, as both Nat-dependent and Na*-independent pathways
(Stevens et al., 1984), but the exact number is still unknown. The characterization
of transport pathways based upon substrate preference is determined by
measurement of kinetics, inhibitors, and competition analysis (Christensen, 1984).
Size, charge, and configuration of amino acid side chains seem to be crucial
factors involved in a particular transport system. Some amino acids share multiple
carrier pathways (Christensen, 1984). Christensen (1984) suggested that 12 amino
acid transport systems (A, ASC, L, Y+, Gly, N, b, L1, T, X-A, X-G and X-AG)
occur in animal nonepithelial tissue. The A, ASC, L, Y* and X- AG Systems have
been identified in both epithelial and nonepithelial tissues. The remaining of the

transport systems have been shown to be present in nonepithelial cells but not in



epithelial cells to date. Argiles and Lopez-Soriano (1990) described that at least
four Na™t-dependent transport systems such as the neutral brush border (NBB),
PHE, and imino X- G carrier systems and two Na*-independent transport
systems including the L and Y™ occur in the intestinal brush border membrane.
The NBB system transports most neutral amino acids with some interaction of 2-
aminonorborbonyl-2-carboxylic acid (BCH), which is a typical substrate for the L-
system in other type membranes. This system does not share with MeAIB, so it is
definitely a different pathway from the A system found in other cell types (Stevens
et al., 1984). It is also different from the ASC system in that the NBB system is
able to transport glycine and phenylalanine (Stevens et al., 1984). The PHE system
primarily serves as the carrier mediated transport for methionine and
phenylalanine. The imino carrier system is defined as a Na*-dependent transporter
of both aliphatic and cyclic imino acids (proline and hydroxyproline) and MeAIB
(Munck and Munck, 1992b). This system is distinctly different from the A system,
which is responsible for transport of MeAIB, alanine, and short chained polar
amino acids (Stevens et al., 1984). The imino transporter was successfully labelled
by Wright and Peerce (1984) using flurorescein and N-acetyl imidazole, which are
attached near the proline binding site and near the binding site of Na™. This
suggests that the interaction of the imino transporter with Na™ gives rise to the
conformational alteration of the imino transporter. The X-AG Nat-dependent
system is responsible for transport of acidic amino acids including L-glutamic acid
and D-aspartic acid (Malo, 1991). A salient feature of this transporter is that K* or
HT, in addition to Na™ is also known to participate in counter transport (Corelli

and Storelli, 1983; Berteloot, 1984).



In brush border membrane, at least two major Na*t-independent systems are
known. The L system, one of two major Nat-independent systems, preferentially
transports neutral and lipophilic amino acids such as phenylalaline, leucine, and
the 2-aminonorborbonyl-2-carboxylic acid (BCH; Stevens et al., 1984). This
system is both pH and Na™ insensitive (Oxender et al., 1977). The other Na™-
independent carrier system is YT, which is associated with transport of basic
amino acids including lysine and arginine (Hopfer, 1987).

Transport of amino acids across the basolateral membrane is thought to
occur via the Na*-dependent A and ASC system and the Na*-independent L
system (Stevens et al., 1984). These systems may play a significant role in the
supply of amino acids for maintenance and metabolism of enterocytes in some
physiological circumstances (Argiles and Lopez-Soriano, 1990). The basolateral
membrane is much more permeable to amino acids compared to brush border
membrane, partly due to the leaky nature of this membrane. The A and ASC
systems transport short chained, polar amino acids and three to four carbon neutral
amino acids, respectively (Stevens et al., 1984). The L system appears to be the
major transport pathway for neutral amino acids (Lash and Jones, 1984). However,
none of intestinal transporters responsible for amino acid transport have been
isolated and cloned so far.

The Relative Importance of the Pathways. The relative contribution of

each mode of transport is highly correlated with the substrate present. Stevens et
al. (1984) observed that Na*-independent carrier mediated transport by the brush
border membrane was dominant quantitatively at low concentrations of
phenylalanine (< 1 mM). They also indicated that diffusion became the major

contributor as substrate concentrate increased. Guerino and Baumrucker (1987)



observed that Na™-independent transport made the greatest contribution to total
uptake for both lysine and methionine when the substrate concentration was 1 mM
in isolated ileal mucosa. Moe et al. (1987) observed that the relative contribution
of active transport, facilitated diffusion, and simple diffusion accounted for 14.0,
37, and 49 % of total methionine uptake and 9.0, 53.0, and 38 % of total lysine
uptake when the substrate concentration was .1 mM in bovine ileal BBMV.
Wilson and Webb (1990a) reported that, at very low substrate concentrations (<
1.0 mM), facilitated diffusion was the greatest contributor to total uptake of lysine
by BBMV. Results from that study also suggested that diffusion was the most
predominant form of methionine transport throughout the range of substrates
investigated. Malo (1991) reported on the relative contributions of transport
systems for seven different amino acids (leucine, alanine, methionine, glutamine,
aspartic acid, lysine, and proline) by human fetal intestine at the .05 mM substrate
concentration. In their experiment, diffusion was the most important contributor to
the total uptake of methionine, lysine, and proline but the predominant pathway of
leucine, alanine, and aspartic acid transport was Nat-dependent under these
conditions. Wolffram et al. (1986) observed that the saturable transport systems of
leucine were responsible for the greatest transport up to a concentration of 10 mM
by brush border membrane from the mid-jejumum of sheep and pigs. Karasov et
al. (1986) noted that the Na™-dependent pathways for six amino acids including
leucine, methionine, lysine, proline, MeAIB, and aspartic acid were the most
prevalent when the relative portion of uptake was measured at .01 mM substrate
concentration. The relative percentage of active transport, facilitated diffusion, and
simple diffusion to total amino acid uptake is undoubtedly variable depending

upon the initial amino acid concentration evaluated in the transport study.



However, the general conclusion that can be drawn is that active transport is
quantitatively the most significant contributor when substrate concentration is low
and diffusion makes progressively greater contributions to total uptake of amino
acids as substrate concentrations increase (Webb, 1992). However, care should be
taken when drawing conclusions regarding intestinal amino acid transport when
uptake at only one substrate concentration is evaluated (Webb, 1986).

Competition and Interaction during Amino Acid Transport.  The transport

of an individual amino acid is not always independent from the transport of other
amino acids. Frequently, amino acids share transporters, thus competition or
interaction is inevitable when absorption of several amino acids is occurring at the
same time. Silk et al. (1980) found that six amino acids (methionine, leucine,
valine, phenyalanine, arginine, and isoleucine; in order of absorption) were
preferentially transported when a mixture of 16 dietary amino acids was evaluated
in human intestine. Phillips et al. (1976) reported that absorption of methionine
was much greater from everted sacs of ovine intestine compared with valine and
threonine. The proportional disappearance of essential amino acids was far greater
than that of nonessential amino acids from the small intestine of sheep
(Christiansen and Webb, 1990a). Similar results in humans, sheep, and cattle have
been reported (Adibi and Gray, 1967; Phillips et al., 1979; Christiansen and Webb,
1990b). Moriyama (1986) observed that both lysine and phenylalanine in human
fetal intestine appeared to be transported faster than alanine, leucine, taurine, and
valine. Collectively, these results suggest that dietary essential amino acids have a
tendency to be absorbed to a greater extent than dietary nonessential amino acids

when comparison of absorption is based upon a percentage basis of total uptake
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(Webb, 1992). In addition, methionine tends to be transported more extensively
than any other amino acid (Webb, 1990).

Phillips et al. (1979) observed that methionine, when perfused in a mixture
of methionine, valine, and threonine through isolated intestinal segments, acted as
a strong inhibitor to the absorption of both valine and threonine. Karasov et al.
(1986) reported that Na*-dependent uptake of the basic amino acid lysine was
totally hindered by the neutral amino acid leucine, and uptake of the neutral amino
acid leucine was also partly inhibited by the basic amino acid lysine. Similar
competitive inhibition is reported in numerous studies (Munck, 1980, 1983;
Stevens et al., 1982). These findings imply that competitive inhibition of uptake
happens even between amino acids that do not share the same transporter.

Generally, methionine seems to be a potent inhibitor of the uptake of other
amino acids by bovine intestinal brush border membrane (Moe et al., 1987).
Guerino and Baumrucker (1987) observed that the presence of up to 1 mM lysine,
alpha-aminoisobutyric acid, or cycloleucine did not significantly influence the
uptake of methionine by isolated bovine ileal mucosa (.1 mM). However, Karasov
et al., (1986) indicated that the two neutral amino acids, leucine and methionine,
were completely inhibited by each other. Paterson et al. (1981) reported that the
interaction between the basic and neutral amino acids may result in the decrease in
the transport of basic amino acids at the brush border membrane.

All interactions among amino acids are not negative. Phillips et al.(1979)
noted that the absorption of threonine was accentuated by the presence of
methionine at low concentrations of threonine. The effect of competitions and

interactions on intestinal amino acids uptake is still obscure.
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In conclusion, species differences exist in site of amino acid transport. The
passage of amino acids across the brush border membrane is mediated by simple
diffusion, facilitated diffusion (Na*-independent; non-energy requiring), and
active transport (Nat-dependent; energy requiring). Different amino acid pathways
in Na*-dependent (NBB, PHE, X-A G and imino system) and Na*-independent (L
and Y™) exist in brush border membrane. There is competition or interaction

among amino acid during transport even by separate carrier systems.

General Glucose Transport in the Small Intestine

D-glucose serves as a source of energy and as a primary precursor for other
carbon-containing compounds (Granner, 1990). Absorption of glucose by the
small intestine is regarded as one of the important transport mechanisms to supply
energy to all tissues of the body. Therefore, much effort has been made to
investigate the transport mechanisms of glucose. Studies conducted over the past
three decades give us a fairly clear understanding of the mechanisms involved in
the D-glucose transport from the small intestine. Three distinct uptake phenomena,
active transport, facilitated diffusion, and simple diffusion, take place in the small
intestine. The principles of each component of transport were already described in
amino acid transport. Thus, this review will be largely focused on Na*-dependent,
active transport and related topics.

Site of Glucose Absorption. The general thought regrading the

intestinal site of D-glucose transport is that the entire small intestine is capable of
Na*-dependeht, active transport (Malo, 1988). The middle and distal jejunum are

recognized as the most active sites of D-glucose absorption. In humans, D-glucose
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is absorbed maximally in the distal jejunum, followed by the proximal jejunum
and distal ileum (Harig et al.; 1989). This observation is consistent with the
finding that very high glucose concentrations are observed in the proximal small
intestine after a meal (Gray, 1981). Karasov et al. (1983) reported that active D-
glucose transport by the proximal jejunum of the mouse is 700 % higher than that
of the ileum. Vega et al. (1992) also indicated that the middle and proximal
jejunum more actively absorbed D-glucose by carrier mediated transport compared
with the distal ileum.

Glucose Transport Mechanisms. The Na*/glucose symporter was first

recognized by Crane and his colleagues in 1960. By coupling glucose to Na™,
glucose is actively transported across the intestinal brush border membrane. This
uphill transport is known as secondary active transport, which belongs to a major
class of membrane D-glucose transport. The presence of multiple Nat/glucose
cotransporters has been demonstrated in the intestinal brush border membrane in
rats, guinea pigs, bovine and humans (Kaunitz and Wright, 1984; Brot-Laroche,
1986; Kwan et al., 1987; Malo, 1988). However, more recently, a major Na™-
dependent system (low affinity or high Ky;;) and a minor Nat-dependent system
(high affinity or low K,) are referred to in glucose transport studies. Harig et al.
(1989) reported that the jejunum of human intestine had a major and minor D-
glucose transport system, while the ileum possessed only a major D-glucose
transport system. Most of the studies on the kinetics of intestinal Na™/glucose
symporters have been conducted with intact mucosa (Schultz and Curran, 1970),
isolated cells (Kimmich, 1981), or brush border membrane (Keljo et al., 1985;

Hopfer, 1987) in various species.
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Wright et al. (1991) described the range of K, of D-glucose in brush
border membrane as .1 to 1 mM in the presence of saturating Na™t concentrations.
Stevens et al. (1984) reviewed several studies, which indicated that the range of
Km and Vmax was .1 to 3.7 mM and 5 to 36 nmoles/mg protein/min, respectively
in rabbits under equilibrium exchanger or zero-trans experiments. Kaunitz and
Wright (1983) reported that measurement of D-glucose uptake over the wider
range revealed a major, low affinity system (K, = .34 mM; Vpax = 11
nmoles/mg protein/min) and a minor, high affinity system (K, = .03 mM and
Vmax = 3 nmoles/mg protein/min). A study with human intestine (Malo, 1988)
indicated the presence of a low affinity and high capacity (Kz=4.2 mM,;
Vmax=30.9 nmol/mg protein/min) and high affinity, high capacity (K;;=.37 mM;
Vmax=8.3 nmol/mg protein/min) systems in the jejunum and a single active
transporter (Kiy=1.2 mM; Vijax=4.9 nmol/mg protein/min) in the ileum. Another
study with brush border membrane of pig intestine (Wolfran et al., 1986) showed
that the Ky, and Vax for D-glucose transport to be .69 mM and 23.9 nmol/mg
protein/min, respectively.

Ruminants possess similar D-glucose transport to that of monogastric
animals (Beechey et al., 1987; Buddington and Diamond, 1989). Kaunitz and
Wright (1984) observed that the values of Ky, and V4% for major D-glucose
transport system in bovine jejunal tissue were about .20 mM and 5.3 nmol/mg
protein/min, respectively. Shirazi-Beechey et al. (1991a) reported that the values
of Ky and Vi ax of glucose transport in vesicles prepared from lamb were .05
mM and 9 nmol/ mg protein/min, respectively. Ruminants appear to have
markedly lower Ki; and V4% values compared with monogastric animals. In

ruminants, most of the dietary carbohydrates are fermentated to volatile fatty acids
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by microorganisms in the rumen, therefore, relatively small amounts of hexose
pass through the small intestine (Fahey and Berger, 1988). This physiological
phenomenon is associated with a significantly reduced expression of brush border
membrane Na™-glucose cotransporters and its activity (Shirazi-Beechey et al.,
1991a). D-glucose transport in lambs and pigs was compared and it was observed
that Vipax was 10 times lower and Ky, was five times lower in lamb brush border
membrane (Wolffram et al., 1986). A similar trend of lower K, and Va5 of
bovine intestine was observed in other studies (Scharrer et al., 1979; Stevens et al.,
1984).

Carnivores, whose natural diet is protein rich, also exhibit the smaller Ky,
and Vi ax compared to species whose diet source is carbohydrate rich. Karasov et
al. (1986) stated that herbivores and ominivores had a general tendency for higher
intestinal glucose absorption rate (due to increased Vi5x) compared to carnivores.
Buddington et al., (1991) reported that the maximal glucose transport rate of the
intestine of cats was far less than that of mink which is an omnivorous species.
However, Wolffram (1989) showed that the apparent kinetic parameters of the cat
intestine resulted in a 4.4 fold higher V4« and a 4.3 fold smaller Ky, compared
with the respective values for rabbit intestine.

The progress of identification and characterization of the Na™/glucose
transporter has been difficult because less than 1 % of the membrane protein is
Na'/glucose cotransporter (Stevens et al., 1984). The first tentative identification
of a 73 KDa protein using a phlorizin-analogue photoaffinity labeling of brush
border membrane was revealed by Semenza et al. (1984). Later, Hediger et al.,

(1987) cloned, expressed and sequenced the rabbit Nat/glucose cotransporter and

15



subsequently, Hediger et al. (1989) did the same with human Na‘t/glucose
fransporter.

The transported glucose within the enterocyte passes out of the cell into the
blood across the basolateral membrane by simple plus facilitated diffusion (Wright
et al., 1980; Hopfer, 1987). The intestinal facilitated transporter is part of a family
of glucose transporters that are also found in erythrocytes, liver, muscle, and fat
cells (Carruthers 1990; Gould and Bell, 1990).

The relative contribution of each mode of transport is highly dependent on
the concentration of substrate present. Stevens et al. (1984) reported that transport
by the high affinity system is dominant at low glucose concentrations (<.5 mM),
but the diffusive system is more important at high concentration (> 2 mM).
Wolffram et al. (1986) observed that the saturable transport component
predominated up to a 5 mM D-glucose concentration. However, above 5 mM, the
diffusive system is more important.

In conclusion, D-glucose traverses the brush border membrane via simple
diffusion, Na™-independent transport, and Na*/glucose symport. The most active
sites for D-glucose transport are the middle and distal jejunum in monogastric
animals. The presence of a major Na*-dependent system (low affinity) and a
minor Nat-dependent system (high affinity) is known for D-glucose transport. The
observed range of Ky, in the major Na*-dependent transport of D-glucose is .1 to
4.2 mM. However, species differences exist in the affinity of D-glucose

transporters.
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Adaptation of Intestinal Transport to Dietary Substrates

The mechanisms by which the small intestine adapts the absorption of
sugars and amino acids have been of interest. Understanding the factors that
influence the regulation of intestinal nutrient transport may enable us to not only
manipulate these specific regulatory process, but also develop more efficient
animal production systems. However, little is known about the adaptive responses
(intestinal morphology, intestinal digestive enzymes, and intestinal sugar and
amino acid transporters) in the gastrointestinal tract associated with dietary
regulation such as alteration of carbohydrate, protein, fat, and inclusion of
ionophores and antibiotics. Moreover, few instances of conditions that elicit
regulation of intestinal transport with the supplementation of probiotics such as
fungi, yeast, and microbial products have been reported. Yet, a more complete
understanding of the intestinal transporters and transport mechanism involved with
dietary factors and other feed additives is needed. Therefore, this portion of the
literature review will largely focus on aspects of the comparison of bacteria with
mammalian intestine in terms of adaptive nutrient transport, the adaptational
effects of dietary factors (carbohydrates, proteins, and fats), or other means
(antibiotics and probiotics) on intestinal sugar and amino acid transport.

Comparison of Bacteria with the Small Intestine in terms of Adaptive

Nutrient Transport.  Research with bacteria gives much information regarding

adaptive membrane transport, as bacteria are unique organisms in that they cannot
regulate their substrates (Ferraris and Diamond, 1989). Many bacterial enzymes
and transporters are modulated by their environmental conditions such as the

presence of substrates or their products, because the survival of bacteria in various
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media is solely dependent on the capability of these unicellular organisms to
scavenge nutrients. Thus it is apparent that most bacteria possess a variety of
adaptive mechanisms. Similarly, the gastrointestinal mucosal cells, like bacteria,
are constantly exposed to multiple luminal environments. Mammalian enterocytes
must also be capable of adapting nutrient transport to various circumstances such
as changes in luminal milieu, internal physiology, and pathophysiology. The
change of luminal environmental conditions offers multiple opportunities for
adaptation to occur. The mechanisms of nutrient absorption of the small intestine
are very similar to those of bacteria (Matthews and Payne, 1975). The several
nutrient transport systems including simple diffusion, facilitated carrier mediated
diffusion and active transport, which are known to exist in bacteria, also exist in
the mammalian small intestine. A detailed description of transport systems was
presented previously. In fact, there is much similarity between the structure of
prokaryotic and eukaryotic transporters, suggesting that these transporters reflect a
uniform mechanism of action (Fredlander and Muecker, 1992). Henderson et al.
(1992) reported that the primary sequence of the mammalian glucose transporters
is homologous to the bacterial glucose transporters (22 to 33% homology).
However, there are a few distinct characteristics of bacterial transport systems
compared to that of the small intestine. In bacteria, the major driver ions of active
transport are usually protons (H"), while in the small intestinal cells, sodium ions
(Nat) are of major importance. The Na*/K+ATPase common to the basolateral
membrane of enterocytes is not directly involved in proton pumping (Russell et al.,
1990). However, Na*-dependent, active transport has been found in E.coli (Chen
et al., 1985), rumen bacteria (Strobel and Russell, 1991), and marine bacteria

(Droniuk et al., 1987). Another difference is that bacteria can utilize a much
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greater variety of substrates compared to animals. For example, many eukaryotic
cells prefer glucose transport to other sugars, because glucose is the only useful
energy source, but bacteria can utilize other hexoses as energy sources (Erni,
1989). Another striking feature related to regulation of intestinal transporters is the
time required for adaptation. Adaptive bacterial transporters respond to altered
substrate within minutes, while intestinal transporters exhibit slow and modest
regulation (time lags of .5 to 4 h; Ferraris and Diamond, 1989).

Adaptation Due to Regulation of Enterocyte Morphology and Its Turnover.

There are several proposed mechanisms including alteration of intestinal
morphology, digestive enzymes, and transporters as to how the small intestine can
modulate its transport capability in response to dietary substrates. First, alteration
of villus morphology and cell kinetics such as migration rate and cell turnover rate
may influence intestinal nutrient transport capability by changing the villus
absorptive area and enterocyte function (Ecknauer et al., 1982). Over a 2- to 3-d
cycle, intestinal epithelium is continuously dividing and differentiating in crypts,
migrating toward the upper villi, and finally being sloughed off at the villus tips
(Argenzio, 1989). Therefore, dietary adaptation of intestinal transport may be
associated with the crypt-villus morphology and cell kinetics. Several previous
studies demonstrated that starvation or consuming protein-deficient diets resulted
in a reduction (15 to 52%) of cell migration rate and this correspondingly results in
a decrease of villus height and cell turnover rate (Cheeseman, 1986; Ogura et al.,
1989). These observations clearly indicate adaptive responses because rapid cell
migration and turnover rate not only decrease protein and energy supply in the

cell, but also decrease transport capability of enterocytes.

19



Apparently, slow cell migration rate in pigs enhanced the functional
capacity of the villus surface for amino acid transport and intestinal hydrolase
activity because of a very mature villus population (Miller et al., 1986). Meddings
et al. (1990) demonstrated that mature microvillus membranes showed the greatest
glucose transport in rabbits. Another study using pigs showed that the
supplementation of avoparcin, an antibiotic feed additive, markedly decreased the
mucosal cell division rate in the crypts of duodenal tissue, suggesting that the
inclusion of antibiotics may impact on intestinal nutrient transport (Parker, 1990).
Mink fed a high carbohydrate diet with negligible protein had a longer but thinner
small intestine compared with mink fed a high protein diet (Buddington et al.,
1991). However, Ferraris et al. (1992a) observed that feeding varied dietary
carbohydrate and protein levels reciprocally, while keeping protein intake at a
maintenance level, to mice did not induce any difference in terms of villus
migration rate, cell life time, crypt depth, or villus height. Mice fed different
dietary amino acids and proteins did not exhibit any diet-dependent differences in
intestinal morphology including intestinal length, wet weight per centimeter, or
mucosal weight (Stein et al., 1987). Feeding of various fatty acids did not
influence mucosal surface area or cell migration rate (Thomson et al., 1989).

Adaptation Due to Modulation of Intestinal Digestive Enzymes.

Another mode of adaptive responses of the intestine to dietary substrates is
the modification of intestinal digestive enzyme activities (sucrase, maltase,
aminopeptidase, etc). These altered enzyme activities may influence the overall
capacity of the small intestine to digest carbohydrates and proteins and,
subsequently, this may potentially affect intestinal sugar and amino acid transport

(Keelan et al., 1990). It seems that modulation of digestive enzymes associated
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with the intestinal brush border membrane is related to alteration of cell turnover
rate because a rapid cell turnover rate may generate an immature cell that is not
efficient in the expression of digestive enzymes. Thomson et al. (1987) reported
that hypoglycemia in rats caused enhanced sucrase activity in the intestine which
consequently led to increased glucose transport. Interestingly, three enzymes,
sucrase, alkaline phophatase, and gamma-glutamyl transpeptidsase (GGP), located
in the intestinal brush border membrane, increased their activities in response to
increasing dietary carbohydrate levels. While the activities of alkaline phophatase
and GGP were increased by increasing dietary protein levels, dietary sucrose
enhanced sucrase activity (Ferraris et al., 1992a). Also, in monkeys fed high fat
and cholesterol there was higher maximum capacity (Vimax) for sucrase, alkaline
phosphatase, and maltase (Dhaunsi et al., 1989). However, Shirazi-Beechey
(1991Db) observed that lactase and dipeptidylpeptidase were not influenced by
dietary factors or modification of intestinal structure. On the other hand, the
supplementation of probiotics (lactobacillus) or antibiotics (tylosin) to
preweanling pig diets had a marked effect on the expression of sucrase, lactase,
and tripeptidase activities but had no influence on dipeptidase activity (Collington
et al., 1990). This mode of action of probiotics and antibiotics may be associated
with the expression of mucosal cell and subsequently intestinal nutrient transport.

Adaptation Due to Alteration of Transporter Kinetics and Their Regulatory

Signals. Another mechanism that may account for altered sugar or amino acid
(peptide) transport in response to changing dietary substrates may be the alteration
of intestinal nutrient transporters. The regulation and modulation of intestinal
transporters by dietary substrates is one of the important mechanisms suggested

here. Two marked features are observed when bacterial transporters are compared
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with intestinal transporters in terms of their amplitude and adaptation activity;
first, the ratio of transporter activity of control to that of adaptation (peak- to -
base) is numerically small, less than 2-fold, while that of bacteria is usually several
thousands fold (Ferraris and Diamond, 1989). Feeding a high carbohydrate diet to
mice resulted in only a 2-fold increase of the maximal transporter activity
compared with that of carbohydrate free diet (Diamond and Karasov, 1984).
Second, adaptation of intestinal transporters is relatively slower (1 to 3 d) than that
of bacterial transporters ( < 1 min; Ferraris and Diamond, 1989). Intestinal nutrient
transporters are regulated by a complicated combination of dietary factors
including level of nutrient, inclusion of antibiotics, and ionophores. The most
distinctly observed modulations of intestinal transporters in response to dietary
adaptation are enhanced transporter number and enhanced transporter activity
without alteration of mucosal mass or passive permeability. In fact, results from
most studies suggest that alteration of intestinal sugar and amino acid transporters
by dietary substrates may be generally caused by a change of transporter capacity
(Vmax), rather than a modulation of apparent carrier affinity (Ky,; Fedorak, 1990).
According to the results of a glucose-protectable phlorizin binding experiment,
enhanced intestinal glucose transport capacity (Viax) In response to dietary
carbohydrates was due to the increased number of transporters along the crypt-
villus axis (Ferraris et al., 1992b). Feeding diets containing high carbohydrate
levels to mice, rats, and fish results in a stimulated D-glucose active transport as a
result of increased maximal velocity (Vax) compared to low carbohydrate diets
(Diamond and Karasov, 1984; Cheeseman and Harley, 1991; Titus, 1991).

It seems that carbohydrate sources do not play a crucial role in the

regulation of intestinal sugar transport. Vega et al. (1992) reported that the

22



inclusion of different carbohydrate sources, while maintaining an iso-carbohydrate
level in suckling pig diets, did not modify carrier mediated sugar transport.

In the ruminant, most dietary carbohydrate is fermentated to VFA by rumen
microorganisms, as a consequence, only negligible amounts of hexose pass into
the small intestine under normal feeding conditions. Intestinal transporters of
sugars in lambs showed relatively low detectable transporter affinity (K;,) and
maximal velocity (Viyax) compared with those of pigs (Wolffram et al., 1986).
The infusion of 30 mM D-glucose into the proximal intestine of adult sheep gave
rise to a 40- to 80-fold greater Na*-dependent glucose transport when compared to
the same age of sheep fed grasses (Shirazi-Beechey et al., 1991a). This study
suggested that the signal for up-regulatation of intestinal glucose transport is
mainly due to the presence of glucose substrates for the Na*-dependent glucose
transporter in the gut. Therefore, it is postulated that the intact glucose may impact
the transcription or translation of the Nat-dependent glucose gene expression as
the enterocytes migrate up the villus (Shirazi-Beechey et al., 1991a). In addition,
nearly all of the studies have focused on the dietary adaptation of intestinal brush
border membrane without consideration of basolateral membranes. Cheeseman
and Harley (1991) reported that adaptive response to a high carbohydrate diet was
due to enhanced brush border membrane glucose transporters as well as
basolateral glucose transporters. Generally, it is considered that basolateral
transporters are controllfd by plasma sugar concentration while brush border
membrane transporters ;re regulated by luminal or intracelluar glucose
concentration (Ferraris and Diamond, 1989; Cheeseman and Harley, 1991).

Adaptation of intestinal amino acid transport to level of dietary proteins and

amino acids (or peptides) is far more complicated because of the presence of
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separate transporter systems such as acidic amino acid, basic amino acid, neutral
amino acid, imino acid, peptide, and multiple shared transporters (Ferraris and
Diamond, 1989). Generally, intestinal transport for nonessential, acidic amino
acids and imino acid has a tendency to show a similar pattern of regulation as
glucose transport (i.e. up-regulation; Karasov et al., 1983). For instance, active
transport of L-proline and aspartate in mice was stimulated by an increase in
dietary protein (Stein et al., 1987; Karsov et al., 1983). However, essential, basic,
and neutral amino acids display up and down regulatory transport pattern (Ferraris
and Diamond, 1989). At low levels of dietary protein (0 to 18 %), amino acid
transport was decreased with increasing dietary protein. In contrast, at high
concentrations (> 18 %), amino acid transport was increased with increasing
dietary protein or amino acids (Ferraris and Diamond, 1989).

What is the signal for regulation of intestinal amino acid transport in
response to dietary substrates? What induces intestinal glucose transport is already
known. However, not much is known about the regulation of intestinal amino acid
transporters, partly due to the existence of multiple intestinal amino acid
transporters. There appears to be some discrepancy between the inducer of
mtestinal transport and the transported substrate. In other words, a given amino
acid may not provide a regulatory signal for its transport alone (Ferraris and
Diamond, 1989). For example, aspartate and valine acted as the best inducers of
the acidic amino acid and neutral amino acid transporters, respectively.
Meanwhile, the acidic amino acid aspartate was considered as the best inducer of
basic amino acid transport (Stein et al, 1987). It seems that whole proteins,
peptides, and amino acids might play similar roles for the expression of intestinal

amino acid transporters (Ferraris and Diamond, 1989). However, the
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administration of the defined diets, containing amino acids or peptides, to rats
markedly hindered the active transport of neutral amino acids compared to that of
complex protein diets (Ohkohchi et al., 1990).

The addition of dietary fat has a different adaptational mechanism
compared with dietary sugars and amino acids. The proposed mechanism of
adaptive responses is that diets enriched with fat induce the alteration of intestinal
brush border membrane lipid composition resulting in modulation of physical-
chemical properties, membrane fluidity, and function (Keelan et al., 1989). As a
consequence, these changes may give rise to alterations in membrane permeability
as well as activity of intestinal transporters (Brasitus et al., 1989). However, the
effect of dietary fat on up or down regulation of intestinal transporters of sugar and
amino acids are still controversial. Diets enriched with unsaturated triglycerols
showed higher Vi ay of Nat-dependent nutrient transport when compared with
that of saturated triglycerol. Monkeys fed high fat and cholesterol diets also had
profound increases in active glucose transport but decreases in amino acid
transport as a result of a change in Vij5x but not K, (Dhaunsi et al., 1989). In
contrast, another study observed that a decrease in glucose and galactose transport
was associated with diets enriched in polyunsaturated fatty acids compared to diets
enriched in saturated fatty acids (Thomson et al., 1987).

In addition to adaptation of intestinal sugar and amino acid transport in
response to dietary sugar, protein, and fat, feed additives such as probiotics,
antibiotics, and ionophores sometimes have a significant impact on intestinal
mucosal cell turnover rate and activities of carbohydrate enzymes as mentioned
earlier. Furthermore, it is already known that ionophores such as monensin and

lasolocid are responsible for increased Nat/KtATPase activity and Na*-mediated
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active transport at the cellular level of the small intestine (Spears, 1990).
Information is available which suggests that avoparcin improves the net absorption
of amino acids from the small intestine of sheep (Macgregor and Armstrong,
1984). Virginiamycin also has been shown to enhance uptake of free amino acids
by isolated intestinal loops in pigs (Dierick et al., 1986). Further, the addition of
antibiotics to a high concentrate diet fed to sheep caused the significant
enhancement of intestinal glucose transport by increased number or activity of
glucose receptors (Parker, 1990). Although there is some evidence that inclusion
of probiotics as feed additives to animal diets may influence the expression of
mucosal cell function, no study has been conducted to evaluate how probiotics
may be able to modulate intestinal nutrient transport. One study with ruminal
bacteria indicated that Selenomonas ruminantium, which is an important bacterium
in the rumen, markedly increased transport of lactate in the presence of Aspergillus
products. Ruminants, which are physiologically and anatomically different from
other herbivores, also show adaptation capability to the alteration of dietary
substrates and other means (probiotics and antibiotics), providing that these
substrates can remain active in the lower gastrointestinal tract (Parker, 1990;
Shirazi-Beechey, 1991a).

The Significance of Intestinal Site and Species on Adaptation. The ability of

the gut to adaptively modulate rates of sugar and amino acid transport is related to
the site of the small intestine. Several studies with increased dietary carbohydrate,
protein, and fat or inclusion of probiotics showed that the proximal intestine has a
greater ability than the distal intestine to change intestinal digestive enzyme
expression and transporters (Karsov et al., 1983; Dhaunsi et al., 1989; Parker,

1990; Buddington et al.,1991; Ferraris and Diamond, 1992).
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Species may vary in their ability to adapt their intestinal transport
capabilities. Herbivores and omnivores that habitually consume high carbohydrate
or mixed diets, can modulate intestinal sugar and amino acid transport. In contrast,
carnivorous animals accustomed to consuming a high protein diet lack the adaptive
capability for intestinal sugar transport (Buddington and Diamond., 1989).
However, these species generally are able to regulate intestinal amino acid

transport.

In conclusion, the phenomenon of adaptation of intestinal glucose and
amino acid transport is mediated by a number of factors including dietary substrate
(level of carbohydrates, fats, and protein) or other means (probiotics and
antibiotics). The several plausible mechanisms by which the small intestine may
adapt are 1) the regulation of enterocyte morphology and turnover, 2) the
modulation of intestinal digestive enzymes, and 3) the alteration of enterocyte
transporter kinetics. It seems that these proposed mechanisms are closely related to
one another for the expression of adaptation when the small intestine is exposed to
various environments. Strong evidence has emerged which suggests that one of the
most important modes of action of adaptive intestinal sugar and amino acid
transport suggested is via the alteration of transporters by dietary substrates. This
regulation of transporters is generally caused by a change of transporter capacity

(Vmax) rather than a alteration of transporter affinity (Ky,).
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Influence of Dietary Addition of Aspergillus Products on Nutrient Utilization and

Animal Performance

Using microbes and their metabolic by-products as feed additives to
enhance nutrient utilization by manipulation of the gastrointestinal environment
has been common for several decades. Because concerns over possible antibiotics
in animal products has led to the increased pressure to reduce antibiotic use, the
development of alternatives including microbe, yeast, and fungal culture products
(probiotics) is accelerating (Parker, 1990). Currently, feeding of fungal
(Aspergillus oryzae) and yeast (Sacharmyces cerevisiae) fermentation products is
becoming widespread. However, sometimes the beneficial effects obtained
regarding animal performance and nutrient utilization from these probiotics are
equivocal. Aspergillus products may play an important role in the degradation of
cellulose, hemicellulose, protein, and starch because these products contain
substantial amounts of cellulase, proteases, amylase, and lipases. Also, these
microorganisms and their fermentation products contain B vitamins, minerals, and
possibly unidentified growth factors (Boing, 1983; Mountfort, 1987; Kung, et al.,
1992). Most researchers place emphasis on the effects of Aspergillus products on
the altered nutrient digestibility in the rumen and altered rumen microbial
fermentation. Direct evidence is not available to suggest that these products have
an impact on the digestion and absorption of nutrients in the small intestine.
However, the potential mode of action of Aspergillus products on nutrient
digestion and absorption in the small intestine should not be overlooked.

Additionally, fungal cultures are rarely investigated as dietary sources for pigs.
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This literature review will largely be focused on the modes of action of
Aspergillus products on nutrient digestion and microbial fermentation in ruminants
and their effect of animal performance.

Modes of Action of Aspergillus Products. The purpose of fungal and

yeast cultures for ruminants is to stimulate the increase of beneficial
microorganisms naturally present in the gastrointestinal tract rather than supplying
live organisms and, subsequently, to alter nutrient digestion and ruminal
fermentation. (Haresign and Ewing, 1989). The mode of action of these products is
still unclear, although fungi or yeast fermentation products appear to be effective
in ruminants.

One of the mechanisms suggested is that fungal or yeast cultures stabilize
rumen pH by increased lactate uptake by ruminal microorganisms. The study using
the rumen simulation technique demonstrated that the inclusion of Aspergillus
products to a basal diet prevented transient drops in rumen pH (Frumholtz et al.,
1989). Lactate concentration tends to be associated with ruminal pH (Allison,
1989). Nisbet and Martin (1990) noted that Selenomonas ruminatium, which is a
major cellulolytic bacterium in the rumen, exhibited a markedly enhanced lactate
uptake in the presence of Aspergillus products. Williams et al.(1990) reported that
the addition of yeast to high concentrate diets prevented a decline of ruminal pH
due to a reduction of lactate accumulation. This ability to promote a stabilized pH
may play an important role in the proliferation of cellulolytic bacteria, since these
microorganisms are highly sensitive to fluctuations of rumen pH (Frumholtz et al.,
1989). The enhanced number of cellulolytic or total viable bacteria in response to
Aspergillus products was reported in the rumen of sheep and calves (Weidmeier et

al., 1987; Beharka et al., 1991) and in rumen simulation technique (Newbold et al.,
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1991; Frumholtz et al., 1989). Others, however, failed to observe increases in pH
in response to Aspergillus products (Martin and Russell, 1986; Newbold et al.,
1991). Another plausible explanation for the proliferation of cellulolytic bacteria is
that Aspergillus products containing B vitamins, minerals, and unidentified growth
factors may provide some direct stimulatory factors (Bryant, 1973; Wiesmeier et
al., 1987).

Increased numbers of cellulolytic bacteria and their activities seem to be
related to the improvement of dry matter, organic matter, and fiber digestibility.
Wieismeier et al., (1987) demonstrated an improved dry matter and hemicellulose
digestion when 50 % concentrate diets were supplemented with Aspergillus
products in cows. Similar patterns of increased digestibilities with the
supplementation of fungi or yeast to moderate to high concentrate diets were
observed in ruminal or total tract dry matter (Williams et al., 1990; Caton et al.,
1993), organic matter (Van Horn et al., 1984; Caton et al., 1993), and fiber such as
NDF, ADF, and hemicellulose (Judkins and Stobart, 1988; Gomez-Alarcon et al.,
1990, 1991; Newbold et al., 1991). In contrast, other studies failed to demonstrate
the alteration of fiber digestion in response to Aspergillus products (Firkins et al.,
1990; Denigan et al., 1992). Oellermann et al. (1990) reported that digestibilities
of NDF and ADF were not affected by the addition of Aspergillus products in
dairy cows fed high amounts of straw. One explanation of discrepancies among
experiments may be that fiber sources, fiber types, and relative percent of
concentrate in the diet are important factors to determine the effect of Aspergillus
products on fiber digestion (Van Horn et al., 1984; Gomez-Alarcon et al., 1990).

The fungi or yeasts may be effective for ruminants fed high concentrate

diets where often there is a depression in cellulose digestion. Feeding high
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concentrate diets containing substantial amounts of starch and sugars has been
adopted to improve the energy density of diets and, subsequently, increase
performance of the animal. However, this feeding regimen causes negative
associative effects such as decreased digestion of structural carbohydrate in grain
and forage (Fahey and Berger, 1988) Evidently, negative results are associated
with alteration of the cellulolytic bacteria habitat in the rumen ecosystem (Jahn et
al., 1973). Thus, the inclusion of fungi or yeast products containing cellulolytic
activity may improve structural carbohydrate digestion. Aspergillus products are
capable of partial depolymerization of structural cellulose, although enzymes
produced by fungi do not depolymerize cellulose completely to glucose (Boing,
1983). Furthermore, these fungi or yeast products can aid digestion of
nonstructural carbohydrates such as starch and pectin because of their secretion of
amylase (Ustyuzhanina et al., 1984). Williams et al. (1990) reported that diets
fortified with a yeast (Saccharomices cerevisiae) gave rise to a significant
reduction of hexose-unit oligosaccharide (3-fold) in ruminal fluid of steers.

Aspergillus products also contain proteolytic activity to assist digestion of
ingested protein (Boing et al., 1983). Several studies indicated that fungi or yeast
cultures promoted ruminal or total tract apparent digestibilities of crude protein in
vivo and in vitro (Arambel et al., 1987; Wiedmeiser et al., 1987; Gomez-Alarcon
et al., 1990). However, the diets containing high fiber (chopped straw) did not
show an increase in crude protein digestibility (Oellermann et al., 1990). Caton et
al. (1993) observed that total, essential, and nonessential amino acid flow rate was
markedly increased by the addition of aspergillus products in dairy cows.

Fungi and yeast products have been reported to alter the stoichiometry of

rumen fermentation. Martin and Russell (1986) observed that feeding Aspergillus
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products increased total VFA, all of the individual VFA, and ammonia
concentration. Arambel et al. (1987) showed that Aspergillus products in vitro
increased the ruminal ammonia and total and branched-chain VFA concentrations
owing to deamination and decarboxylation of branched chain amino acids (Allison
and Bryant, 1963). However, results from several studies where low to moderate
levels of concentrate were fed, no change of total VFA, ammonia, or individual
VFA was observed (Fondevila et al., 1990; Oellermann et al., 1990; Newbold et
al., 1991; Caton et al., 1993). There is a general lack of agreement regarding the
effect of Aspergillus products on rumen VFA and ammonia production. It seems
that alteration of fiber digestion is responsible for the beneficial impact of fungi or
yeast products, rather than chemical changes of rumen fermentation.

Interestingly, in contrast to control cows, the duodenum of cows fed
Aspergillus products possessed feed particles containing a dense population of
fungi similar to normal rumen fungi under microscopic examination (Prange et al.,
1979). This observation suggests that Aspergillus products may have an impact on
the degradation of fiber components in the intestine as well as in the rumen.

The Effect of Aspergillus Products on Animal Performance. Improvement

in nutrient digestion and rumen fermentation may be associated with the
improvement of animal performance. Slippers et al. (1988) reported that steers fed
Aspergillus products exhibited increased growth rates and feed efficiencies.
Furthermore, higher fat-corrected milk or milk production in dairy cows fed
Aspergillus products have been observed (Gomez-Alarcon et al., 1991). These
responses varied according to the type of diet and stage of lactation. The greatest
responses were achieved when Aspergillus products were used in early lactation

cows and in cows fed high concentrate diets (Gomez-Alarcon et al., 1991).

32



However, results from other studies will not confirm a response of improved
performance with the feeding of Aspergillus products. Denigan et al. (1992) noted
that the supplementation of Aspergillus products to 60% concentrate diets in dairy
cows did not improve feed intake, feed efficiency, rectal temperature, or milk
yield. Other studies with lactating cows failed to observe the improvement of milk
yield and fat corrected milk production (Kellems et al., 1990; Higginbotham et al.,
1993). Herring and Hallford (1991) reported that, although feed intake,
performance and serum hormones (growth hormone, insulin, and prolactin) were
not altered, lambs fed a moderate concentrate diet fortified with an Aspergillus
product tended to have improved backfat and percent of wholesale cuts in carcass.

Aspergillus Products for Pigs. Fungi or yeast cultures are rarely

investigated in swine production, although these products are already known to
contain substantial amounts of digestive enzymes, B vitamins, minerals, and
possibly unknown growth factors. Growing pigs fed a diet supplemented with a
yeast single cell protein had improved nitrogen digestibility and retention (Tegbe
and Zimmerman, 1977). Neonatal pigs fed heated whole soybeans fermented with
Aspergillus oryzae did not show any difference in average daily gain, feed
efficiency, biological value, and crude protein digestibility compared with pigs fed
heated whole soybeans (Zamora and Veum, 1988).

In conclusion, the results suggest that Aspergillus products may have
impact on the number of cellulolytic bacteria in rumen, the digestibility of fiber
and rumen fermentation, and subsequently the increase in animal performance
under moderate or high concentrate diets, although the responses are variable. In
addition, much more research is necessary to determine the efficacy of Aspergillus

products on the rumen and the lower gut and for the inclusion in the diets of pigs.
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Chapter 111

Methionine and Glucose Transport by Isolated Intestinal Brush Border Membrane

Vesicles from Pigs and Lambs Fed an Aspergillus Product

ABSTRACT

This study was designed to determine whether feeding an Aspergillus
product would influence growth or feed utilization and intestinal mucosal cell
function as indicated by uptake of methionine and glucose by isolated intestinal
brush border membrane vesicles (BBMV). In Experiment 1, 24 weanling pigs
were paired by sex, BW, and litter and were allotted, within pairs, to either an
18% CP cormn-soy diet (control) or the same diet supplemented (.15%) with an
Aspergillus product. There were no differences (P > .05) in ADG, daily feed
intake, or feed/gain between the two groups. In Experiment 2, 24 weanling wether
lambs were paired by BW and were randomly assigned within pair to a 14% CP
diet containing 61.1% cracked corn, 17.3% soybean meal, and 15% ground
orchard grass hay (control) or the same diet fortified (.07%) with an Aspergillus
product. There were no differences (P > .05) in ADG, daily feed intake, or
feed/gain between the two groups. Enrichments of alkaline phosphatase in BBMV
used in transport studies were 12.7-fold higher in pigs and 5.6-fold higher in lambs
over the original homogenate. Feeding the Aspergillus product did not change
intestinal mucosal weight or total specific activities of alkaline phosphatase,
sucrase, or Nat/K+tATPase in intestinal mucosal cells of pigs. Total uptake, Na*-

dependent uptake (including Ky, and Vipay), Nat-independent uptake (including
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K and Vipax), and diffusion of methionine and glucose were not changed by
feeding the Aspergillus product. In lambs, jejunal mucosal weight decreased (P <
.08) in response to the inclusion of the Aspergillus product, but the intestinal
enzyme profile was not changed. The supplementation of the Aspergillus product
tended to reduce the capacity for total uptake of glucose by jejunal and ileal
BBMYV largely due to decreased Na*-dependent glucose uptake. The Vi ax for
Na'-dependent glucose uptake was greater ( P < .03) in BBMV from lambs fed
the control diet but K, was similar for both groups. Total uptake, diffusion, and
the kinetics (Ky, and Vipax) of Nat-dependent and Na*-independent uptakes of
methionine were not influenced by diet. Sucrase activity of pigs was
approximately 14% greater in the ileum than the jejunum. Alkaline phosphatase
activity was approximately 500% greater in the jejunum than the ileum of lambs.
Jejunal BBMV from lambs exhibited a greater capacity for total (P < .04), Na™-
dependent (P <.03), and diffusion (P <.11) uptake of glucose compared with ileal
BBMV. The Vipax for Nat-dependent (P < .002) and Na*-independent (P < .006)
glucose uptakes were greater in jejunal BBMYV than ileal BBMV from lambs. The
relative importance of mode of uptake varied with substrate concentration for both
glucose and methionine. Except for a decreased capacity for glucose uptake in
lambs, feeding the Aspergillus product did not influence intestinal uptake of

glucose or methionine.
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Introduction

Much is known about the mechanisms of absorption and transport of amino
acids and glucose by the small intestine. Yet a more complete understanding of
how dietary factors may regulate intestinal transporters and transport mechanisms
is needed. Research with bacteria revealed how the bacterial cell can modulate its
transport capability in response to dietary substrates (Fearris and Diamond, 1989).
The mechanisms of nutrient absorption in the small intestine and the primary
sequence of transporters are very similar to those of bacteria (Matthews and
Payne, 1975; Henderson et al., 1992). The mucosal cells of the small intestine are
actively responsive to physiological, nutritional, and environmental stimuli
(Fedorak, 1990). The mammalian enterocytes, like bacteria, are constantly exposed
to multiple luminal environments by the alteration of diet composition (protein,
carbohydrate, and fat) and dietary supplementation (antibiotics, ionophores, and
probiotics). Subsequently, the altered luminal conditions offer multiple
opportunities for adaptation to occur. There are several ways the small intestine
may adapt including the alteration of intestinal morphology (mucosal cell turnover,
mass of mucosal cells, etc.), the change of digestive enzymes (sucrase, maltase,
aminopeptidase, etc), and the modulation of membrane transporters (K, or Vipax;
Keelan et al., 1990). Evidence has emerged that indicates that one of the most
important modes of adaptive intestinal glucose and amino acid transport is via
alteration of transport. In fact, the alteration of intestinal transport proteins by
dietary substrates may be generally caused by a change of transporter capacity
(Vmax), rather than a modulation of apparent transport protein affinity (Ky,;

Fedorak, 1989; Argiles and Lopez-Soriano, 1990). Results from studies with mice,
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fish, humans, monkeys, and sheep indicated that elevated levels of glucose or
amino acids in the diet result in a stimulated glucose or amino acid transport,
respectively, by the intestine as a result of increased Viyax (Diamond and
Karasov, 1984; Shirazi-Beechey et al., 1991a; Titus et al., 1991).

It is well documented that ionophores such as monensin and lasolocid, are
responsible for increased Nat/K+ATPase activity and Nat-dependent, active
transport at the cellular level of the small intestine (Spears, 1990). The inclusion of
certain antibiotics in pig or sheep diets has been shown to cause significant
enhancement of intestinal glucose and amino acid absorption or the expression of
intestinal mucosal cell function (Dierick et al., 1986; Collington et al., 1990;
Parker, 1990). There is limited evidence that supplementation with probiotics
enhances intestinal digestive enzymes including lactase and sucrase (Collington et
al., 1990).

Among probiotics, Aspergillus products have been used as feed
supplements for ruminants due to their potentially beneficial effects such as
improved crude protein and fiber digestibility, increased milk yields and improved
BW gains with moderate to high concentrate diets. However, the responses have
been variable. No studies have been reported where Aspergillus products have
been included in the diets of pigs. Most research has focused on studying the
effect of Aspergillus products on nutrient digestibility in the rumen and altered
rumen microbial fermentation. Results from a study with Selenomonus ruminatium
indicated that nutrient transport (lactate) is markedly stimulated in the presence of
Apergillus products (Nisbet and Martin, 1990). If Aspergillus products influence
transport of nutrients across bacterial membranes, they may affect mammalian

intestinal brush border membranes similarly.
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Therefore, the present study was conducted to determine 1) growth and
feed utilization of pigs and lambs fed an Aspergillus product and 2) methionine
and glucose transport by isolated intestinal brush border membrane vesicles from

pigs and lambs fed an Aspergillus product.

Materials and Methods

Animals and Feeding

Experiment 1. Twenty four pigs were weaned at 4 wk of age and

paired by sex, BW, and litter. Each pig was then placed in a pen in a room
equipped with temperature and ventilation control. During a 7-d adjustment period
following weaning, the pigs were fed the 20% crude protein, soy-corn-whey diet
shown in Table 1. Immediately after this period, one pig from each pair was
chosen at random to be fed an 18% crude protein soy-corn diet (control) or the
same diet fortified with .15% Aspergillus product (Aspergillus, Table 1). The
Aspergillus product was Amaferm and was supplied by BioZyme Inc, St. Josepth,
Mo. The pigs were weighed initially (average 6.75 kg) and then at weekly intervals
for 5 wk for the calculation of ADG. Water and feed were offered ad libitum and
feed consumption was recorded weekly to determine feed intake and efficiency of
feed utilization. The feeding trial was continued for 35 d. Vitamins and trace
minerals were added to diet at the level of NRC (1988) requirements.

Experiment 2. Twenty-four weanling, wether lambs were paired

based upon BW and breeding. The lambs were housed individually in pens with
elevated, expanded metal floors in a room equipped with temperature and

ventilation control. One lamb from each pen was randomly chosen to be fed either
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Table 1. Ingredient composition of diets fed to weanling
pigs (as fed basis)

Diets
Items 20% CP2 ControlP  Aspergillus®P
Ground corn 51.75 70.25 70.10
Soybean meal 30.95 27.33 27.33
Dried whey 15.00  -----  =-=-=--
Limestone .59 .52 .52
Defluorinated phosphate 1.06 1.25 1.25
Salt .30 .30 .30
Trace mineral premixC€ .10 .10 .10
Vitamin premix with Sed .25 .25 .25
Aspergillus product® = ---°--  ~"--- .15

dCalculated to contain 20% CP, .8% Ca, and .65% P.

bcalculated to contain 18% Cp, .7 % Ca, and .6% P.

CSupplied per kg of diet: 150.1 mg Zn, 175.3 mg Fe, 60.0 mg
Mn, 17.4 mg Cu and 2.0 mg I.

dSupplied per kg of diet: 1.1 mg vitamin K3 (MPB), 4.4 mg
riboflavin, 22 mg niacin, 441 mg choline, 22 mg pantothenic
acid, 02 mg vitamin By, .4 mg biotin, 2.0 mg folic acid,
4,409 IU vitamin A, 441 IU vitamin D3, 11 IU vitamin E and
31 mg selenium.

€amaferm, BioZyme Inc., St. Joseph, Mo

39



a 14% crude protein diet (control; 12 lambs) or the same diet supplemented with
(.07 %) Aspergillus product (Aspergillus; 12 lambs). Vitamins were provided by
intramuscular injection. The detailed composition of diets is presented in Table 2.
The lambs were weighed initially (average 21.9 kg) and at weekly intervals to
determine ADG. Water and feed were offered ad libitum and feed consumption
was recorded twice a day for the calculation of feed intake and efficiency of feed

utilization. The feeding period was 91 d.

Tissue Sampling

At the end of the feeding period, six pairs of pigs and six pairs of lambs
were randomly selected and sacrificed for collection of intestinal mucosa. Pigs and
lambs were anesthetized by intravenous injection of sodium pentobarbitol
(32.5mg/kg BW) and then were euthanized by exsanguination. The entire small
intestine was rapidly removed and divided in half. The proximal half was
designated as the jejunum and the distal half as the ileum. Each section was
segmented into approximately 40 cm lengths and cut open longitudinally along the
mesenteric border. The opened segments were rinsed in three successive baths
containing mannitol buffer composed of 30 mM mannitol and 12 mM tris base
(pH; 7.4). The segments then were incubated in a hyaluronidase buffer containing
1 mg hyaluronidase/mL, 1 mg bovine serum albumin/mL, 120 mM NaCl, 20 mM
tris base, 1 mM MgCl, and 3 mM KoHPOy4 (pH;7.4) for 20 min at 370C.
Immediately after incubation, the intestinal segments were placed in an aluminium
pan that was seated on a bed of ice. The mucosal surface was removed by gentle
scraping with a glass slide. Residual hyaluronidase buffer was removed from

harvested mucosal scrapings by resuspending twice in equal volumes of mannitol
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Table 2. Ingredient composition of diets fed to weanling
lambs, as fed basis.

Dietsd
Items ) Control Aspergillus
Orchardgrass hay 15.00 15.00
Cracked corn 61.12 61.05
Soybean meal 17.33 17.33
Molasses 5.00 5.00
Limestone 1.12 1.12
Trace mineral saltb .50 .50
Vitamins plus Se€ ++ ++
Aspergillus productd -- .07

dCalculated to contain 14% crude protein, .50% Ca, and .35%

P.

bNacl, 96 to 98.5%; Zn > .35%; Fe, > 3.4%; Mn, = .20%; Cu, 2
.033%; I, =2 .0007%; Co, = .005%.

CAt the start of the experiment, all lambs received an
intramuscular injection of vitamin A, 500,000 IU; vitamin
D, 75,000 IU; vitamin E, 5 IU; and selenium 55 ug.kg-1.

dAmaferm, BioZyme Inc., St. Joseph, Mo.
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buffer followed each time by centrifugation at 4,500 x g at 40C for 12 min. The
harvested intestinal mucosa was divided into approximately 40 g aliquots and each
aliquot was placed in a sealed plastic bag and frozen in liquid nitrogen. The tissue

was then stored at - 700C.

Preparation of Brush border Membrane Vesicles

Brush border membrane vesicles (BBMV) were prepared by a modification
of the procedure presented by Wilson and Webb (1990b). All steps of the
procedure were performed in such a manner as to maintain the tissue membranes
at approximately 49C. Approximately 40 g of intestinal mucosa were suspended in
mannitol-succinate buffer (1 g tissue / 8 mL buffer) containing 5 mM MgCl,, 150
mM mannitol, 10 mM tris base, 30 mM succinate, S mM KoHPO4 and .1 mM
MnCl, (pH;7.4) and homogenized using a polytron (PT 10/35 polytron, Brinkman
Instrument, Wesburg NY) equipped with a 20 cm diameter probe, for 20 s at
13,200 rpm. An aliquot of the homogenate was sampled for the determination of
protein and marker enzymes. The homogenate then was incubated with mannitol
succinate buffer for 30 min while gently stirring to allow Mg*™ precipitation of
internal membranes such as endoplasmic reticulum, lysosomes, and mitochondria
(Kessler et al., 1978). Following incubation, the homogenate (H) was centrifuged
at 8,700 x g for 12 min at 40C. The resulting supernant (S1) was centrifuged at
31,000 x g for 15 min. The resulting pellet (P2a) was suspended in a mannitol-
succinate buffer and centrifuged at 31,000 x g for 15 min. The resultant pellet
(P2b) was resuspended in a mannitol-succinate buffer with 12 strokes of a teflon-
glass homogenizer (Kontes Scientific Glassware, Vineland, NJ) and continuously

incubated for 30 min with gentle stirring. The suspension was centrifuged at 8,700
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x g for 12 min. The supernant (S3) then was centrifuged at 31,000 x g for 15 min.
The resulting pellet (P4) was resuspended in a mannitol-transport buffer
containing 305 mM mannitol, 20 mM HEPES, and 2 mM MgCl, (pH; 7.4) with 12
strokes of a telfon-glass homogenizer to a final protein concentration of 2 to 3
mg/mL. The suspension was carefully applied on the top of a density gradient
made of 3.5 mL of 27 % sucrose solution and 3.5 mL of 31% sucrose solution.
Sucrose solutions contained 27% or 31% dried sucrose in 4 mM MgCl and 4 mM
HEPES. Care was taken to avoid mixing of the three layers in the centrifuge tube.
The gradient was centrifuged (Model L5-75 B with SW- 40 rotor, Beckman
Instrument, Palo Alto, CA) at 105,000 x g for 90 min. The resultant two bands and
pellet were harvested by aspirating the membrane band with the underlying
sucrose layer. Samples were taken for the assay of protein and marker enzymes
and the remainder of each band was put into a cryovial (Nunc cryotubes, Vingard
International Inc., Neptune, NJ), frozen in liquid nitrogen, and stored at -700C

until used for transport experiments.

Characterization of Brush Border Membrane Vesicles

For characterization experiments, all enzymes described below and protein
were determined for all fractions (H, P1, S1, P2a, S2a, P2b, S2b, P3, S3, P4, and
S4) and bands (B I and B II) created during the isolation process. To assess the
1solation procedure of BBMV, protein and total enzyme activities of organelles in
all fractions were measured and percent recovery was calculated at each
differentiation step. The degree of purification of BBMYV isolated was determined
by the enrichment of the specific activity of the brush border marker enzyme,

alkaline phosphatase (pigs and lambs) and sucrase (only pigs) with respect to the
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original homogenate. The degree of contamination from other cellular organelles
was evaluated by the enrichment of the marker enzymes Nat/K+tATPase for
basolateral membrane, acid phosphatase for lysosomes, lactate dehydrogenase for
cytosol, NADP-cytochrome ¢ reductase for microsomes, and cytochrome ¢ oxidase
for mitochondria. Both jejunal and ileal tissues from pigs and lambs were used for
characterization experiments. Subsequently, when BBMV were prepared for
transport studies, only protein, alkaline phosphatase, sucrase (for pigs only) and
Nat/K+tATPase were assayed in the original homogenate and the bands harvested
from the density gradient. Brush border membrane vesicles were prepared from six
pairs of pigs and six pairs of lambs for transport assays.

Alkaline phosphatase (E.C.3.1.3.1), the marker enzyme for brush border
membrane, was assayed using a Sigma Diagnostic Assay Kit (Procedure No. 245)
with a computer controlled vertical photometer (Titertek Multiskan MCC/340,
Flow Laboratories, McLean, VA). Specific activity was expressed per milligram of
protein.

Sucrase (EC 3.2.1.26), the marker enzyme of brush border membrane for
monogastric animals, was determined by a modification of the procedure of
Dahlqvist (1968). The end product, glucose, was measured by spectrophotometric
assay.

Ouabain sensitive Nat/KTATPase (E.C.3.6.1.3), the marker enzyme of
basolateral membrane, was detected by modification of the method of Jorgenson
(1975). The end product, liberated inorganic phosphate from hydrolysis of ATP,
was measured colorimetrically (Ebil and Lands, 1969). The activity of
Nat/K+ATPase was obtained by subtracting ouabain sensitive ATPase activity

from total ATPase activity which was measured in the absence of ouabain.
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Nat/KtATPase activity was defined as the micrograms of orthophosphate
production per milligram of protein at 370C.

Acid phosphatase, the marker enzyme for lysosomal membranes was
assayed using a Sigma Diagnostics Kit (Procedure No. 435) with a computer
controlled vertical photometer (Titertek Multiskan MCC/340, Flow Laboratories,
McLean, VA). The specific activity of acid phosphatase was expressed as units
(U) defined as the amount of enzyme which hydrolyzes one micromole of alpha
naphtyl phosphate per minute.

Lactate dehydrogenase (E.C. 1.1.27), the cytosolic marker enzyme, was
measured by a modification of the procedure of Storrie and Madden (1990) with a
computer controlled vertical photometer (Titertek Multiskan MCC/340, Flow
Laboratories, McLean, VA). The decrease in absorbance as a result of conversion
of NADH to NAD™ was monitored at 340 nm. The specific activity was expressed
as decrease absorbance units per minute.

Cytochrome c oxidase, the marker enzyme for mitochondria, was analyzed
by a modification of the procedure of Storrie and Madden (1990). The decrease in
absorbance as a result of oxidation of reduced cytochrome ¢ was measured using a
horizontal spectrophotometer at 550 nm. The specific activity was expressed as
decrease in absorbance units per minute.

Cytochrome c reductase, the marker enzyme for microsomal membrane,
was detected by a modification of the procedure of Master and Williams (1967).
The increase in absorbance as a result of reduction of cytochrome ¢ was measured
using a horizontal spectrophotometer at 550 nm. The specific activity was

expressed as increase in absorbance units per minute.
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The BCA method (Pierce BCA Protein Assay Kit 23225, Rackford, IL) was
adapted to microtiter plates (Thomas Scientific 913651084) for the determination
of protein concentration. Bovine serum albumin was used to establish the standard
curve with a range of 0 to 400 ug/mL of protein. All membrane fractions were
diluted with .1 N NaOH prior to assay so that the concentration was within the

standard curve range.

Transport Assay

On the day of a transport experiment, a suitable number of cryovials
containing BBMV were thawed in a water bath (399C) and suspended in 10
volumes of mannitol transport buffer. Following suspension of BBMYV, the
vesicles were centrifuged at 105,000 x g for 60 min to remove sucrose from the
BBMYV. Then, the resulting pellet was resuspended with transport buffer to a final
protein concentration of 2 to 3 mg/mL and homogenized with a glass-glass
homogenizer (Fisher, Tissue grinder, 18 x 130 mm). The BBMV were maintained
in a water bath at 399C throughout the transport experiment.

Methionine and glucose transport by BBMV were characterized as
described by Wilson and Webb (1990a). The transport assay buffer contained 20
mM mannitol, 5 mM HEPES, 2 mM MgCl3, and 150 mM of either NaSCN or
KSCN (pH; 7.4). The substrate concentrations tested for the measurement of
transport kinetics were .1, .2, .4, .8, 1.6, 3.2, and 6.4 mM for methionine and .075,
15, .3, .6, 1.2, 2.4, 4.8, and 9.6 mM for glucose. When transport assay buffers
containing these substrate concentrations were prepared, enough mannitol was
removed to maintain isoosmolarity; this was verified by an osometer (Osmette A,

Precision Systems Inc., MA). The transport reaction was started by adding 125 uL
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of brush border membrane suspension to a reaction tube that had been preloaded
with 125 pL of transport assay buffer and 125 pL of radioisotope solution
containing 2 uCi os substrate preincubated at 399C. The total reaction volume was
375 uL. For each transport experiment, triplicate reaction tubes were used for
measuring each evaluated substrate and six reaction vessels were prepared for
determining background binding of filters. The uptake by BBMV was terminated
after 15 s of incubation by addition of 1 mL ice cold stopping solution containing
.5 mM phloridizin and 150 mM KCl. A 1 mL aliquot from the resulting mixture
was immediately filtered through a millipore nitrocellulose filter (.45 um,;
Millipore Company, MA) and washed three times with 5 mL aliquots of the same
ice cold stopping solution to minimize the background binding to the filters. The
filter membranes were then placed into 20 mL scintillation vials and 9 mL of
scintillation fluid (Fisher Scientific SX 18-4, NJ) were added to each vial.
Radioactivity retained within the vesicles on the filters was counted by a
scintillation counter (LS5000 TA, Beckman Inc. CA). Radiochemical specific
activities for 35S methinone (L-[33S]Methionine, Amersham) and 3H D-glucose
(NET-100A Glucose, D-[6-3H(N)]-, Dupont,DE) were 36.2 Ci/mmol and 1,218
Ci/mmol, respectively.

Total uptake of methionine and glucose was partitioned into three
components: Na*-independent uptake, Na*-dependent uptake, and passive
diffusion. Total uptake at each substrate concentration was determined by the
incubation of BBMV with transport assay buffer containing NaSCN. The Na*-
independent uptake was calculated as the difference between uptake using the
incubation of transport assay buffer containing KSCN and diffusion uptake. The

Na™-dependent uptake was estimated by the difference between uptake measured
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with and without Na™ present. Passive diffusion was measured by determining the
permeability constant for methionine and glucose at 100 mM concentration of

substrate (Hopfer, 1981).

Statistical Analyses

All data in this experiment were analyzed by the General Linear Model
Procedure of SAS (SAS Institute Inc., 1988).
The model for the pig performance trial (experiment 1) was;

Yijk = aj + bj +rk(by) + ajbj + ejjk

Yijk = dependent variable

a; = average effect of diet j

bj = average effect of group j

1k(bj) = pair(group)

ajb; = interaction diets*pair

ejjk = error

The model for the lamb performance trial (experiment 2) and mucosal cell weight
was;

Yij =aj + bj* ejjk

Yjj = dependent variable

aj = average effect of diet ;

bj = average effect of pair j

ejjk = error
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The model for the effect of Aspergillus product on mucosal enzyme activity and
enrichment, transport kinetics analyses (K, and Vi) of methionine and glucose
(experiment 1 and 2) was;

Yijk = aj + bj + 1K + ajbj + ajrk + bjrk + €jjk

Yijk = dependent variable

aj = average effect of diets ;

bj = average effect of pair j

1k = average effect of site |

ajb; = effect of the interaction diet*pair

ajrk = effect of the interaction diet*site

bjri = effect of the interaction pair*site

ejjk = error

The model for the effect of methionine and glucose uptake (experiment 1 and 2)
was;
Yijk = aj T bj + 1 + ajrk + ejjk

Yijk = dependent variable

a; = average effect of diets j

bj = average effect of pair j

1k = average effect of site

ajrk = effect of the interaction diet*site

ejjk = error
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Results and Discussion

Growth and Feed Utilization

Experiment 1. Growth and feed utilization data from pigs are presented in

Table 3. Feeding an 18% CP com-soy diet supplemented with .15% Aspergillus
product to weanling pigs did not improve (P > .05) any of the performance criteria
measured, including ADG, ADFI, and feed/gain throughout the experimental
period. We are unaware of any published report covering the evaluation of
Aspergillus products in pigs. Probiotics such as bacterial or yeast culture products
have been investigated in swine for their possible benefits because they contain
substantial amounts of digestive enzymes including cellulases, proteases,
amylases, and lipases, and they also contain B vitamins, and minerals
(Ustyuzhanina et al., 1984; Kung et al., 1992). If a response to probiotics is
observed, this is generally associated with the feeding of probiotics to neonatal or
early weaned pigs (Parker, 1990). In the present study, however, there was no
response in animal performance to the inclusion of an Aspergillus product in the
diet of early weaned pigs. When rats and broiler chickens were fed diets
containing soybeans fermented with Aspergillus oryzae, a significant improvement
in ADG and feed conversion was observed compared with animals fed diets
containing unfermented soybeans (Chah et al., 1975; Zamora and Veum, 1979).
More recently, however, Zamora and Veum (1988) reported that neonatal pigs fed
heated whole soybeans fermented with Aspergillus oryzae did not have improved
ADG, feed efficiency, or CP digestibility compared with pigs fed heated whole

soybeans. Supplementation of cellulase, amylase, or protease to grain-based diets
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Table 3. Growth and feed utilization of weanling pigs fed
an Aspergillus product (n=24)

Diet

Item Control Aspergills SE pa
Days 1 to 7

ADG, g 230 213 8.57 .34

ADFI, g 374 343 11.99 .22

Feed/Gain 1.73 1.66 .05 .54
Days 8 to 14

ADG, g 321 308 12.96 .63

ADFI, g 588 550 10.40 .11

Feed/Gain 1.87 1.83 .06 .76
Days 15 to 21

ADG, g 434 409 15.02 .43

ADFI, g 757 703 17.91 .17

Feed/Gain 1.75 1.81 .06 .69
Days 22 to 28

ADG, g 460 478 13.88 .50

ADFI, g 871 879 18.70 .85

Feed/Gain 1.94 1.86 .06 .38
Days 29 to 35

ADG, g 549 560 28.79 .86

ADFI, g 1083 1080 33.53 .97

Feed/Gain 2.0 1.96 .06 .75
Days 1 to 35

Initial BW,Kg 6.75 6.70 .05 .57

Final BW,Kg 20.16 19.91 .30 .69

ADG, g 394 389 8.77 .75

ADFI, g 724 700 15.41 .45

Feed/Gain 1.85 1.80 .01 .15

@Probability that a difference between diets this large or
larger could be have occurred by chance.
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has been shown to improve feed utilization and growth rate of pigs and ckickens
(Suga et al., 1978). In other studies, the addition of these enzyme preparations

failed to improve animal performance (Moss et al., 1977; Reese et al., 1983),

Experiment 2. Feeding the Aspergillus product to lambs did not alter

overall ADG, feed intake, or feed utilization for the 91-d feeding period (Table 4).
Initial performance of lambs fed the Aspergillus product was not as good as the
control lambs as evidenced by the fact that, through 21-d of the feeding period,
cumulative ADG (data not shown) of the lambs fed the Aspergillus product was
lower (P <.05) than the control lambs. Herring and Hallford (1991) reported that
neither feed intake, gain, nor feed/gain of lambs was altered by a diet containing
pelleted alfalfa and rolled corn supplemented with .3 g/d or .6 g/d Aspergillus
product. Denigan et al. (1992) reported that the inclusion of Aspergillus to a 60%
concentrate diet in dairy cows did not improved gain, feed intake, or feed
efficiency. Likewise in other studies, no differences in milk yield or fat corrected
milk 1n dairy cows was observed (Gomez-Alarcon et al., 1990; Kellems et al.,
1990; Higginbothan et al., 1993). Furthermore, several studies failed to
demonstrate any alteration in fiber digestion (NDF, ADF, cellulose), CP digestion
or DM digestion in response to Aspergillus products (Firkins et al., 1990; Denigan
et al., 1992; Oellermann et al., 1990). In contrast to these results, other researchers
have reported that moderate and high concentrate diets fortified with Aspergillus
products improved ADG and feed efficiency, in cattle (Hatfield and Hixon, 1975),
steers (Slippers et al., 1988), and milk yield in dairy cows (Gomez-Alarcon et al.,
1991). Also, Wiedmeier et al. (1987) observed an improved digestion of DM,

hemicellulose, and CP in dairy cows when a 50% concentrate diet was
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Table 4.

Growth and feed utilization of growing lambs fed

an Aspergillus product (n=24)
Diet

Item Control Aspergillls SE pa
Days 1 to 7

ADG, g 477 451 16.9 .46

ADFI, g 1,034 1,020 13.2 .60

Feed/Gain 2.3 2.34 .08 .61
Days 8 to 14

ADG, g 310 278 19.7 .44

ADFI, g 1,283 1,234 23.1 .31

Feed/Gain 4.7 5.0 .37 .70
Days 15 to 21

ADG, g 343 335 14.8 .80

ADFI, g 1,351 1,306 28 .4 .45

Feed/Gain 4.2 4.4 34 .48
Days 22 to 28

ADG, g 236 246 12.8 .70

ADFI, g 1,418 1,336 35.5 .28

Feed/Gain 6.8 5.8 .37 .19
Days 29 to 35

ADG, g 244 241 15.0 .94

ADFI, g 1,445 1,397 26.4 .39

Feed/Gain 6.5 7.0 .73 .74
Days 36 to 42

ADG, g 219 222 14.9 .94

ADFI, g 1,424 1,385 28.5 .52

Feed/Gain 6.7 7.0 .53 1.0
Days 43 to 49

ADG, g 229 215 18.1 .72

ADFI, g 1,466 1,367 31.3 .15

Feed/Gain 8.0 5.0 1.29 .27
Days 50 to 56

ADG, g 86 122 17.1 .32

ADFI, g 1,416 1,306 34.0 .96

Feed/Gain 12.1 13.3 1.51 .71
Days 57 to 63

ADG, g 112 177 29.1 .29

ADFI, g 1,420 1,547 65.6 .36

Feed/Gain 6.5 9.8 95 .11
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Days

Days

Days

Days

Days

64 to 70
ADG, g
ADFI, g
Feed/Gain

71 to 77
ADG, g
ADFI, g
Feed/Gain

78 to 84
ADG, g
ADFI, g
Feed/Gain

85 to 91
ADG, g
ADFI, g
Feed/Gain

1 to 91

Initial BW,Kg
Final BW,Kg

ADG, g
ADFI, g
Feed/Gain

202
1,305

192
1,339

165
1,324

10.

158
1,347

11.

21.
43.

227
1,342

=

1,

1,

1,

1,

1,

227
383

224
374

135
321

172
264

22.
43.

234
345

14 .4
45 .2
.44

15.5
39.0
.38

N
\0
[0 )W O 0 o]

.67

.15
.60
7.0
24 .4
.13

.43
.43
.42

.35
.68
.20

.40
.97
.14

.51
.21
.14

.36
.74
.63

96

.62

aprobability that a difference between diets this large or

larger could be have occurred by chance.
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supplemented with 2.63g/d Aspergillus product. In total, the results of research to
date are inconclusive on the effect of Aspergillus product on animal production.
Responses seem to vary according to dietary fiber source (or fiber type), relative
percentage of concentrate in the diet, level of Aspergillus product supplementation,

stage of production, and (or) animal age.

Characterization of Brush Border Membrane Vesicles

To 1dentify the purity of the intestinal BBMV derived from the pigs and
lambs, the enrichment of several enterocyte organelle marker enzymes was
determined. The procedure for isolation of BBMV was a slight modification of
that from Wilson and Webb (1990b). The method of isolation of BBMV included
Mgt diavalent cation incubation, differential centrifugation, and density gradient

ultracentrifugation as mentioned earlier.

Experiment 1. The percentage recoveries at all the differentiation steps of

protein and marker enzyme activities are presented in Appendix Tables 1 to 8. Of
the original protein content of the mucosal homogenate, less than .4% was
recovered as isolated BBMV in band 1 and band 2 (Appendix Table 1). There was
no apparent problem with inactivation of marker enzymes throughout the
fractionation process as indicated by the recovery from one step to another
(Appendix Tables 2 to 8). The isolation process resulted in a membrane
preparation that was rich in brush border membrane with minimal contamination
with other cellular organelles (Table 5). The enrichments of both alkaline
phosphatase and sucrase were quite high indicating a marked concentration of

brush border membrane in comparison with the original homogenate. The minimal
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Table 5. The degree of purification of isolated brush
border membrane vesicles in terms of enzyme
enrichment in pigs (n=4)2

Brush border membrane

Enzymes
Band 1 Band 2

Alkaline phosphatase 15.40 17.57
Sucrase 10.74 15.41
Na*/K*ATPase 2.39 2.78
Acid phosphatase 2.87 1.97
Cytochrome c¢ oxidase .08 .06
Cytochrome ¢ reductase 2.79 2.73
Lactate dehydrogenase .66 .48

dData are calculated as the specific activity of the enzyme
in the BBMV divided by the specific activity of the enzyme
in the original homogenate.
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enrichment of other marker enzymes indicates minimal contamination with other
cellular organelles. Of particular interest is Nat/KtTATPase, the marker enzyme
for basolateral membrane. Because the basolateral membrane must be sheered free
from the brush border membrane, it is important that the homogenization process
produces small fragments of membrane. The small enrichment of Na*/K+ATPase
observed relative to the enrichment of alkaline phosphatase indicates that the our
procedures resulted in only a small amount of basolateral membrane being isolated
with the brush border membrane.

Overall, the isolation procedure yielded highly purified BBMV that
exhibited negligible contamination with other cellular organelles. In other studies
with various species including pigs, rats, guinea pigs, cat, and humans, a 7- to 20-
fold enrichment of alkaline phosphatase, and a 1- to 2-fold enrichment of
Nat/KTATPase have been reported (Wolffram, et al., 1986, 1989; Malo and
Berteloot, 1991; Satoh et al., 1991).

Experiment 2. The percentage recoveries at all the differentiation steps of

protein and marker enzyme activities are presented in Appendix Tables 9 to 15.
Only a very small portion of the original starting protein ( <.4%) was recovered in
the isolated BBMV (Appendix Table 9). Recovery of marker enzymes from one
step to another during the fractionation process indicated that no problem existed
with enzyme inactivation. Enrichment of alkaline phosphatase averaged about 6.6-
fold (mean of band 1 and 2; Table 6). This is less than the average of 16.5-fold
observed in 1solated BBMV from pig small intestine(Table 5). However, it is
similar to the 5.1-fold enrichment in alkaline phosphatase activity observed in

BBMYV isolated from the small intestine of steers (Wilson and Webb, 1990b) and
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Table 6. The degree of purification

of isolated brush

border membrane vesicles in terms of enzyme

enrichment in lambs (n=4)2

Brush border membrane

Enzymes
Band 1 Band 2

Alkaline phosphatase 5.13 8.11
Nat/K*ATPase 1.47 1.64
Acid phosphatase 2.24 2.20
Cytochrome ¢ oxidase .13 .12
Cytochrome ¢ reductase 1.14 1.46
Lactate dehydrogenase .68 .56

@Data are calculated as the specific
in the BBMV divided by the specific
in the original homogenate.
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the 7-fold enrichment observed in cows (Moe et al., 1985). Contamination of the
BBMYV with other cellular organelles was minimal (Table 6). With the exception
of acid phosphatase, enrichments of all marker enzymes were less than 2-fold. The
average enrichment of Na*/K+ATPase of 1.6-fold observed in the present study
was similar to the 1.3-fold enrichment observed in BBMYV from steers (Wilson and
Webb, 1990b). The similarity of marker enzyme enrichments observed in the
present study with sheep and the previous work with steers and the different
enrichment observed with pigs and other monogastric species may indicate that the
physical properties and enzyme composition of ruminant small intestinal brush
border membrane varies from other species. However, Wolffram et al. (1986)
observed a 15- to 17-fold enrichment in alkaline phosphatase in BBMV prepared
from both sheep and pigs.

In Experiments 1 and 2, the characterization of the process of isolation of
BBMYV from the intestine of pigs and lambs clearly demonstrated that the isolated
BBMV can be considered as adequate for the purpose of studying methionine and
glucose transport.

Although, the enrichment of marker enzymes in the intestinal BBMV was
essential to confirm the purity of the membrane preparations, these criteria do not
always guarantee that the membrane vesicles are appropriate for assessing
transport properties of the isolated membrane. Isolated BBMV preparations must
also be examined in terms of both vesicle size and their capacities for transport.
These criteria were evaluated in our laboratory previously by Wilson and Webb
(1990b). They reported that the bovine BBMV prepared from a very similar
1solation procedure with the present procedure gave rise to membranes of a

vesicular nature as observed under electron microscopy. Also, they varified the
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vesicular nature of the isolated BBMV by characterizing substrate uptake under
varying osmotic conditions.

Working with membrane vesicles has been identified as having great merit
for overcoming the problems of other in vitro and in vivo methods such as stirred
layers, paracellular absorption routes, and metabolism of transported solutes by the
intestinal cells (Argiles and Lopez-Soriano, 1990). There are also short comings
one must consider when interpreting the results from the use of isolated BBMV.
The BBMV may exhibit a "leaky" nature because of increased permeability toward
transport solutes compared with the original membrane due to vesicles formed
from disrupted membrane. Consequently, detection of a low uptake when
measuring diffusion might be difficult. Another potential disadvantage is that very
short incubation times are required for the determination of unidirectional fluxes

because of the small intravesicular space (Kessler and Toggenburger, 1979).

Mucosal Weight and Sucrase, Alkaline Phosphatase, and Na*/K+*ATPase

Activities

Experiment 1. No significant diet-dependent difference in jejunal, ileal, or

total wet mucosal weight of pigs were detected (Table 7). However, the ileal wet
mucosal weight of pigs fed the Aspergillus product tended (P <.12) to be less than
that of pigs fed the control diet. Specific activities of sucrase, alkaline
phosphatase, and Nat/KTATPase of intestinal mucosal cells in pigs were not
influenced (P > .05) by the feeding of an Aspergillus product (Table 8).

Furthermore, intestinal site did not influence (P > .05) the specific activities of
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Table 7. Weights of mucosal tissue isolated from pigs fed
an Aspergillus product® (n=12)

Diet
Mucosa Control Aspergillus SE pb
________________ o S
Jejunum 292.1 270.7 14.7 .50
Ileum 252.3 221.9 8.0 .12
Total 544 .3 492 .6 21.4 .29

AWet basis.
Dprobability that a difference between diets this large or
larger could have occurred by chance.
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these enzymes. However, sucrase activity tended (P <.15) to be higher in the

ileum than the jejunum.

Experiment 2. Weights of mucosal tissue collected from lambs are

presented in Table 9. The jejunal mucosal weight of jejunum from lambs fed the
Aspergillus product was about 13 % less (P <.08) than from lambs fed the control
diet. There was a tendency (P < .12) for total mucosal tissue weight to be less
when the Aspergillus product was fed to lambs. Parker and Armstrong (1987)
reported in a review that altering the microbial population of the small intestine
such as in germ-free or gnotobiotic animals or in animals fed antibiotics often
results in changes in the histology of the villi of the small intestine. Neither
morphological nor histological examinations were performed on the small
intestine, so potential for structure changes to have occurred can not be addressed.
The specific activities of alkaline phosphatase and Nat/K*TATPase were not
affected by the feeding of the Aspergillus product (Table 10). Alkaline
phosphatase specific activity was about five times greater (P < .0004) for jejunal
mucosa compared with ileal mucosa. The specific activity of Nat/KTATPase
remained essentially constant along the entire length of the small intestine.

Mucosal cell weight may be associated with expression of intestinal
absorptive function, but it also may be affected by other factors such as genetic
variability and age. McCarthy et al. (1980) reported that feeding a high protein diet
to rats resulted in an increased duodenal mucosal weight. However, mice fed
different dietary amino acids and proteins did not exhibit diet-dependent

differences in intestinal length or wet mucosal weight, although transport

63



Table 9 Weights of mucosal tissue weights isolated from
lambs fed anAspergillus product?@ (n=12)

Diet
Mucosa Control Aspergillus SE pb
_______________ g —-mmmmmmmmmm o
Jejunum 211.8 184 .4 6.2 .08
Ileum 204.1 209.1 7.2 .75
Total 415.9 393.5 5.9 .12

dWet basis.
bprobability that a difference between diets this large or
larger could have occurred by chance.

64



"DoLE PUE L

Hd 3e utw x3d 41y woxJ o3jeydsoyd or1uebiouTr JO a[oun Q' T 23vISCIT
TIT# UDTUM SSedIV-4M/4+EN JO Jjunowe syj se pauTjisp ST [} SUOp

‘@ouryD AQ pPSIINDDO daRY

PINOD pPSAISSO Sem 3Byl UOTIORISIUT 83TSx3ISTP 9yl eyl AITTIqeqoird,
*@0uRUD AQ PaIANDDO0 2ABY PTNOD

IsbieT xo

IsbaeT I0

abxeT STY3 S3I9IpP usLsm3lsq

90USI93ITP ® eyl AITTTAeqoldqg

‘9ouRrUD AQ PaIINDIDOO 8ARY PTNOD

obxeT STY3l S39TP us=smisq

90UlISIITP B 3IeUl AITTTqeqolde

UADV
zz'  I¥°  TIE€° LZO® LZO" 820" 820" sz0" 9SBJLV+M/+eN

(utw/Bw/ Tourl )

asejeydsoyd
Z6° ¥000° 69" €0’ LY0" TLZ® T90" 6LT" SUTTeHTVY
~d qd ed A4S wna1l wnunlap wnaTr wnunlap swAzuyg

sniT1basdsy TOI3U0D
i9Td
jonpoad snrrrbasadsy ue

pPeJ squel woIJ SNSSTI] [eSOodNW TRUTISSIUT UT 9Sedlyv,.d/,eN
pue osejeydsoyd SUTTEMTe JO SSTITATIOe DIIFToads ‘(0T STdel

65



capability of amino acids by the intestine was increased by dietary level of amino
acids and protein (Stein et al., 1987).

It is likely that enterocyte migration rate or turnover rate and crypt-villus
morphology are important factors that influence the effect of dietary modulation
on intestinal morphology. Apparently, slow cell migration rate in pigs enhances
the intestinal hydrolase activity and functional capacity of the villus surface for
alanine transport due to a more mature villus population (Miller et al., 1986).
Parker (1990) reported that the supplementation of avoparcin, an antibiotic feed
additive, markedly reduced the mucosal cell division rate in the crypts of duodenal
tissue, suggesting that the inclusion of antibiotics may impact on the expression of
intestinal transport proteins.

To identify the effect of the Aspergillus product on enterocyte maturation
(cell migration rate) indirectly, specific activities of alkaline phosphatase and
sucrase, which are exclusively limited to the microvillus membrane (brush border
membrane) in the intestine, were quantified. These enzymes have been shown to
exhibit a gradient along the crypt-villus axis or the intestinal length in the mice
(Miller et al., 1986; Ferraris and Diamond, 1992). Sucrase is a marker enzyme for
cell differentiation (Kretchmer et al, 1979). Alkaline phosphatase, also an
important constituent of the microvillus membrane, has not been clearly defined
with regards to its function. Alkaline phosphatase may be involved in
dephosphorylation of phosphoprotein and other dietary components under
physiological conditions (Tuba and Dickie, 1955; McCarthy et al., 1980). Like
sucrase and other microvillus enzymes, it is assumed that alkaline phosphatase
activity may be related to the synthesis of cellular proteins, differentiation of the

cell, and proper glycosylation in the enterocytes (Moong, 1979). Ferraris et al.
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(1992a) reported that sucrase, alkaline phosphatase, and gamma-glutamyl
transpeptidase (GGP) located in the intestinal brush border membrane, enhanced
their activities in response to increasing dietary carbohydrate, protein, or sucrose
levels.

Intestinal sucrase, alkaline phosphatase, and maltase activities also were
increased by feeding a high fat and cholesterol diet to monkeys (Dhaunsi et al.,
1989). The inclusion of probiotics (lactobacillus) or antibiotics (tylosin) to
weanling pigs (17d age) had a marked effect on the development of sucrase,
lactase, and tripeptidase activities (Collington et al., 1990). However, like in the
present study, neither antibiotics nor probiotics had a significant impact on the
expression of sucrase, alkaline phosphatase, lactase, or peptidase activities at 42
and 80 d of age (Collington et al., 1990). Shirazi-Beechey et al. (1991b) pointed
out that the development of alkaline phosphatase, lactase, and maltase was not
regulated by dietary factors in lambs. An intrinsic mechanism rather than alteration
of diet composition may be more responsible for altered expression of sucrase in
rats and piglets (Yeh and Holt, 1986, James et al., 1987).

As regards intestinal site differences for alkaline phosphatase and sucrase
activity, regional differences along the small intestine are known to occur
(McCarthy et al., 1980; Hampson and Smith, 1986). It also seems that regional
differences in these enzymes may depend on species. Generally, in the small
intestine of mice, alkaline phosphatase activity declines steeply from the
duodenum to the ileum, and sucrase activity peaks in the lower duodenum and
upper jejunum (Moog, 1977). Fearris et al. (1992a) reported that the duodenum of
mice possessed an almost 10-fold greater specific activity of alkaline phosphatase

than the illeum. They also observed that the highest sucrase activity occurred in the
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duodenum and upper jejunum. In our results with lamb intestine, a 5-fold greater
alkaline phosphatase activity was observed in the jejunum compared with the
ileum.

In monkeys, Vipax of alkaline phosphatase and sucrase was 1.5- and 1.74-
fold greater, respectively, in the jejunum compared with the ileum (Dhaunsi et al.,
1989). In contrast to site differences of sucrase activity reported for mice,
examination of the intestine of growing pigs showed that sucrase activity of the
distal intestine was higher than that of the proximal intestine. (Collington et al.,
1990). Our observations with pigs in the present study are similar. Collington et al.
(1990) measured sucrase activity at five positions according to intestinal length
and observed a gradual increase in sucrase activity from the proximal to the distal
site. The dwindling sucrase activity of "proximal to distal" along rat intestine or
"distal to proximal" along pig intestine is presumably associated with the presence
of luminal glucose (or sucrose) as well as the ability of sucrose hydrolysis into
glucose and glucose absorption along the intestine (Ferraris et al., 1990, 1992a).

Nat/K*ATPase, an intrinsic plasma membrane protein, plays an important
role in transporting most amino acids and glucose under physiological
circumstances (Gamner, 1990). Therefore, differences in the activity of
Nat/KtATPase could reflect an altered Nat-dependent, energy requiring transport
mechanism (Darnell et al., 1990). It is well known that ionophores such as
monensin and lasolocid stimulate Na™/KTATPase activity and subsequently
elevate Nat-dependent, active transport at the cellular level of the small intestine.
However, there was no direct evidence from the present study or others that
probiotics, including fungal or yeast extracts, can affect the activity of

Nat/KtATPase.
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Marker Enzyme Enrichment in BBMV Preparations used in the Transport Study

Previously described marker enzyme enrichment was a discussion about the
data collected during the characterization of the recovery of marker enzymes.
Subsequent to establishing the validity of the methodology, BBMV for use in
transport studies were prepared from jejunal and ileal tissue collected from lambs
and pigs fed either a control diet or the same diet supplemented with an
Aspergillus product. Within each species, BBMV were prepared from six animals
receiving each treatment. The data for enzyme enrichment in the intestinal BBMV
from pigs and lambs used for methionine and glucose transport evaluations are
presented in Tables 11 and 12.

3

Experiment 1. The enrichment of sucrase and alkaline phosphatase were

similar and indicative of a high degree of brush border membrane concentration in
the preparation from pigs (Table 11). Sucrase enrichments were similar between
diets, however, alkaline phosphatase enrichment in BBMV from pigs fed the
Aspergillus product was about 25 % greater (P <.14) than in pigs fed the control
diet. Enrichment of sucrase was greater (P <.02) in ileal BBMV than jejunal
BBMYV. There was only a modest enrichment, usually less than 2-fold, in
Nat/KtTATPase activity. This indicates a minimal contamination with basolateral

membrane.

Experiment 2. Sheep do not have the sucrase enzyme, therefore, alkaline

phosphatase was the sole marker enzyme for the brush border membrane. The
enrichment of alkaline phosphatase was about 12 % greater (P <.08) in BBMV

from lambs fed the control diet and about 15 % greater (P <.05) in BBMV from
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the jejunum. Enrichment of Nat/KTATPase was essentially non existent
indicating minimal contamination with basolateral membrane.

The reason for the possible effects of diet on the enrichment of alkaline
phosphatase in BBMV is not obvious. Furthermore, it is not apparent why there
was more (P < .14 ) enrichment of alkaline phosphatase when Aspergillus was fed
to pigs and less (P < .08) enrichment of alkaline phosphatase when Aspergillus
was fed to lambs. The differences noted here due to diet and intestinal location

must be considered as transport results are interpreted.

Methionine and Glucose Transport

Because the small intestine is capable of adapting its nutrient transport to
various luminal environmental circumstances and because intestinal nutrient
transporters may be regulated by combinations of dietary factors, methionine and
glucose uptake by isolated intestinal BBMYV from pigs and lambs fed an
Aspergillus product were studied. Total uptake, carrier-mediated uptake and
simple diffusion were quantified at seven different substrate concentrations for
methionine and eight different substrate concentrations for glucose, respectively.
Carrier mediated uptake was partitioned into Na*-dependent and Na*-independent

uptake and transport kinetics were determined for these parameters.

Experiment 1. Overall, total uptake, Na*-dependent uptake, Na*-

independent uptake, and diffusion of methionine increased with increasing
substrate concentration and none were influenced (P > .05) by the inclusion of the
Aspergillus product in the diet (Figures 1 and 2; Appendix Table 16). The Na*-
independent uptake of methionine by the intestinal BBMV from pigs fed the
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Figure 1. Total uptake (A) and Nat-dependent uptake (B) of methionine by jejunal

and ileal BBMV from pigs fed a control diet and the control diet supplemented with an
Aspergillus product. All data values are means from six animals. The SE for
concentrations of .1, .2, .4, .8, 1.6, 3.2, and 6.4 mM were 1.8, 3.7, 6.9, 8.0, 15.3, 32.5,
43.7 and 1.2, 2.7, 5.0, 6.5, 10.0, 17.6 pmoles/mg protein/sec for total uptake and Na*-
dependent uptake, respectively.
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Figure 2. Na™-independent uptake (A) and diffusion (B) of methionine by jejunal
and ileal BBMV from pigs fed a control diet and the control diet supplemented with an
Aspergillus product. All data values are means from six animals. The SE for
concentrations of . 1, .2, .4, .8, 1.6, 3.2, and 6.4 mM were .8, 1.4, 2.8, 6.8, 11.0, 20.0,
26.6 and .6, 1.2, 2.4, 4.8, 9.7, 19.4, 38.7 pmoles/mg protein/sec for Na™-independent
uptake and diffusion, respectively.
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Aspergillus product was greater (P <.10) at .2 and .8 mM methionine
concentration and numerically greater at all methionine concentrations evaluated
compared with pigs fed the control diet. The apparent Ky, and Vipax values for
Na'-dependent and Na+-independent uptake of methionine by pigs fed the control
diet were similar (P > .05) to the values for pigs fed the Aspergillus product (Table
13).

As with methionine, total uptake, Na*-dependent, and Na*-independent
uptake, and diffusion of glucose increased with increasing substrate concentration
and was not significantly (P > .05) altered in response to the inclusion of the
Aspergillus product in the diet (Figures 3 and 4; Appendix Table 18). The apparent
Ky and Vs values for Na*-dependent and Na*-independent glucose uptake by
the jejunal and ileal BBMV from pigs fed the control diet were similar (P > .05) to
the values from pigs fed the Aspergillus product (Table 13). When comparing
Na*-dependent with Na*-independent glucose transport, the Na*-dependent
transport showed a higher affinity and a lower capacity than the Na*-independent
system.

No information is available regarding the influence of Aspergillus products
on nutrient transport in pig intestine. The ability of intestinal mucosal cells to
adapt to changes in dietary substrate has been recognized for many years.
Aspergillus products and other nonbacterial probiotics may contain substantial
amounts of cellulase, amylase, protease, and lipase activity along with B vitamins
(Boing, 1983; Kung et al., 1992). Earlier studies reported that the inclusion of
cellulase, amylase, or protease improved nutrient absorption via the increase in
hydrolysis of plant structure or the decrease in the viscosity in the intestine in pigs

and chicks fed diet containing high soluble glucan chain components (Burnett,
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1966: White et al., 1981). While in contrast, several other studies failed to
demonstrate the improvement of nutrient digestibility and utilization (Bodart,
1975: Goh et al., 1982: Reese et al., 1983). No studies have been reported where
intestinal capacity to deal with nutrient transport in response to the inclusion of
enzyme products was evaluated.

In other aspects, the feeding of antibiotics and probiotics altered the
digestive enzyme profile along the small intestine, suggesting that these feed
additives may be associated with the expression of mucosal cell function (Parker,
1990). An antibiotic, Virginiamycin, has been shown to enhance uptake of free
essential amino acids by isolated intestinal loops in pigs (Dierick et al., 1986).
Sodium-dependent uptake of methionine was generally greatest in ileal BBMV
(Figure 1; Appendix Table 16). Sodium-independent uptake and diffusion were
similar between jejunal and ileal BBMV (Figure 2; Appendix Table 16).

For all modes of glucose uptake, there appeared to be little influence of
intestinal site. Uptake of glucose by both ileal and jejunal BBMV was generally
similar within a transport mechanism (Figures 3 and 4; Appendix Table 18).

The middle region of the small intestine for amino acids and the upper to
middle‘ jejunum for glucose in species such as rats, guinea pigs, and humans is
usually recognized as having the greatest potential transport capability (Spencer
and Samiy, 1961; Cohen and Huang, 1964;, Matthews and Laster, 1965, Gray,
1981; Karasov et al., 1983; Harig et al., 1989). In the present experiment, the small
intestine was divided into halves. Therefore, our results showing the similar
capacity of methionine transport in the jejunum and ileum is likely due to the
inability to differentiate between the middle and the ends of the small intestine.

However, glucose uptake in our data with pigs seems to be different from other
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Figure 3. Total uptake (A) and Na"-dependent uptake (B) of glucose by jejunal
and ileal BBMV from pigs fed a control diet and the control diet supplemented with an
Aspergillus product. All data values are means from six animals. The SE for
concentrations of .075, .15, .3, .6, 1.2, 2.4, 4.8, and 9.6 mM were 1.8, 3.0, 4.9, 9.8, 15.4,
23.6,38.8,47.4and 1.6,2.5,4.4,7.2, 114, 18.3, 24.8, 29.3 pmoles/mg protein/sec for
total uptake and Nat-dependent uptake, respectively.
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Figure 4. Na*-independent uptake (A) and diffusion (B) of glucose by jejunal and
ileal BBMV from pigs fed a control diet and the control diet supplemented with an
Aspergillus product. All data values are means from six animals. The SE for
concentrations of .075, .15, .3, .6, 1.2, 2.4, 4.8, and 9.6 mM were 4, .6, 2.5,2.5,6.1, 8.7,
14.0. 27.8 and .2, .3, .6, 1.2, 2.5, 4.9, 9.9, 19.8 pmoles/mg protein/sec for Nat-
independent uptake and diffusion, respectively.
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studies with rats, guinea pigs, and humans. The upper to middle jejunum in species
such as rats, guinea pigs, and humans is usually recognized to have the greater
potential glucose transport capability (Gray, 1981; Karasov et al., 1983; Harig et
al., 1989). The results from our studies and those of Collington et al., (1990)
indicate that sucrase activity in the ileum is greater than that of the jejunum in
growing pigs. Therefore, these results suggest that the ileum of pigs plays a very
important role in the absorption of glucose at the same or greater extent compared
with the jejunum. In suckling pigs, the proximal intestine possessed almost twice
the capacity of glucose transport as did the distal intestine (Vega et al., 1992).
Collington et al., (1990) reported that the highest sucrase activity was observed in
the proximal intestine of 7-d-old piglets and shifted to the distal intestine after
weaning.

The relative proportion of total uptake of methionine attributable to the
different modes of methionine transport varied with substrate concentrations.
Because uptake by diffusion is dependent on a concentration gradient and because
the process is not saturable, the relative amount of methionine uptake occurring by
diffusion would be expected be increase. This is precisely what did occur in
BBMYV isolated from pigs and this was not influenced by diet or intestinal segment
(Figure 5; Appendix Table 17).

Both Na'-dependent and the Na*-independent uptake of methionine are
saturable, carrier mediated process, therefore, it would be expected that the
relative amount of total methionine uptake occurring by these processes would
decrease, especially at higher methionine concentrations. The data presented in
Figure 5 and Appendix Table 17 show that this is what happened in the present

study with pigs. Throughout the range of substrate concentrations measured, Na*-
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Figure 5. Relative contributions of Nat-dependent (A), Na™-independent (B), and
diffusion (C) systems to total methionine uptake by jejunal and ileal BBMV from pigs fed
a control diet and the control diet supplemented with an Aspergillus product. All data
values are means from six animals. The SE for concentrations .1, .2, .4, .8, 1.6, 3.2, and
6.4 mM were 1.2, 1.4, 1.5, 1.2, 1.1, .7, .9 for Na*-dependent uptake, 1.0, 1.1, 1.1, 1.7,
1.5, 1.5, 1.6 for Na™-independent uptake, and .8, .9, 1.2, 1.3, 1.6, 1.2, % for diffusion,

respectively.
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dependent methionine uptake accounted for the lowest proportion of total uptake.
Diet did not influence the relative uptake of methionine by Na™-dependent or Na™-
independent uptake systems. There was a strong tendency for Na*-dependent
uptake to be relatively more important in ileal BBMV than in jejunal BBMV.

As with methionine, diffusion accounted for an increasingly greater
proportion of total glucose uptake by BBMYV as substrate concentration increased
(Figure 6; Appendix Table 19). Neither diet nor intestinal site influenced the
relative proportion of glucose uptake via diffusion. The relative uptake of glucose
via Na'-dependent carriers was greatest at low substrate concentrations and
decreased as substrate concentration increased (Figure 6; Appendix Table 19).
After a slight increase up to a substrate concentration of 1.2 mM, the relative
amount of glucose uptake that occurred via Na'-independent carriers remained
relatively constant regardless of substrate concentration. Like the other modes of
glucose uptake, neither diet nor intestinal site influenced the relative uptake of
glucose by BBMYV isolated from pig small intestine.

Malo (1991) investigated the relative contribution of each mode of uptake
with human jejunal and ileal BBMV at a .5 mM methionine concentration. He
found that the uptake by Na*-dependent, Na*-independent, and diffusion systems
to be 19.0, 9.0, and 72% of total jejunal methionine uptake and 17, 15, and 68% of
total ileal methionine uptake. Wolfram et al. (1986) observed that saturable
transport components predominated up to 5 mM of D-glucose concentration.
However, above 5 mM, the diffusive system was more important in the intestinal
BBMYV of pigs Those results are similar to our observations of methionine and
glucose uptake. Generally, at low concentrations of substrate, methionine uptake

via both diffusion and carrier mediated systems seemed to be important, while
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uptake via carrier mediated systems is predominantly responsible for glucose

uptake.

Experiment 2. Total uptake of methionine by isolated BBMV was not

influenced by the inclusion of the Aspergillus product in the diet (Figure 7,
Appendix Table 20). Likewise, neither Nat-dependent uptake nor diffusion were
influenced by the feeding of the Aspergillus product (Figures 7 and 8; Appendix
Table 20). Uptake of methionine by Na%t-independent carriers was numerically
lower at all substrate concentrations when the Aspergillus product was fed (Figure
8; Appendix Table 20). While the difference was apparent across all
concentrations, the difference was significant (P <.10) only at three of the seven
substrate concentrations.

There appeared to be some influence of intestinal site on the uptake of
methionine (Figures 7 and 8; Appendix Table 20). At some substrate
concentrations, total uptake of methionine was greater (P <.08) in ileal BBMV
than in jejunal BBMV. Within BBMYV isolated from lambs fed the Aspergillus
product, total uptake of methionine was always numerically greater for the ileum.
This same trend was generally true for each of the three components of methionine
uptake that contribute to total uptake. Conversely, uptake of methionine by BBMV
from both jejunal and ileal tissue from fed lambs fed the control diet was very
similar regardless of mode of uptake.

The kinetic data are presented in Table 14. Neither diet nor site influenced
the Ky, or Vipax for Na*™-dependent methionine transport. For Na*-independent
transport, ileal BBMV exhibited a higher (P <.10) K, than did jejunal BBMV.

The rate of transport, Viax, Was not influenced. The Ky, of the Na*-independent
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Figure 7. Total uptake (A) and Na*-dependent uptake (B) of methionine by jejunal

and ileal BBMV from lambs fed a control diet and the control diet supplemented with an
Aspergillus product. All data values are means from six animals. The SE for
concentrations of .1, .2, 4, .8, 1.6, 3.2, and 6.4 mM were 1.7, 2.8, 4.6, 7.2, 11.0, 26.0,
385and 1.5,2.8,3.5,5.2, 8.4, 12.9, 13.1 pmoles/mg protein/sec for total uptake and
Na*-dependent uptake, respectively .
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Figure 8. Na*-independent uptake (A) and diffusion (B) of methionine by jejunal
and ileal BBMV from lambs fed a control diet and the control diet supplemented with an
Aspergillus product. All data values are means from six animals. The SE for
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242 and .6, 1.2,2.5,4.9,9.9, 19.8, 39.6 pmoles/mg protein/sec for Na*-independent
uptake and diffusion, respectively.
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transport of methionine was about double the Km of Na*-dependent transport
indicating that the Na*-independent transporters had only about one-half the
affinity for methionine. Both systems had similar maximal capacities.

In comparision to lambs fed the control diet, total uptake of glucose by
isolated jejunal and ileal BBMV from lambs fed the Aspergillus product was lower
(Figure 9; Appendix Table 22). Except for the two higher substrate concentrations,
these difference were either significant (P < .08) or approached significance (P <
.16). This same general tendency was observed in Nat-dependent uptake, Na*-
independent uptake, and diffusion (Figures 9 and 10; Appendix Table 22). The
difference is most notable with Na*-dependent uptake (Figure 9).

Glucose uptake was strongly influenced by intestinal location. Total uptake
of glucose by jejunal BBMV far exceeded (P < .04) total uptake by ileal BBMV
(Figure 9; Appendix Table 22). This was mostly due to the Na*-dependent glucose
component (Figure 9; Appendix Table 22). Sodium-dependent glucose uptake by
jejunal BBMV averaged about 2.7 times the Nat-dependent uptake by ileal
BBMYV. Also, total and Na*-dependent uptake by jejunal BBMV from lambs fed
the control diet was greater than by lambs fed the diet containing the Aspergillus
product at several concentrations, the diet*site interactions are significant or
approached significance. While the magnitude was less, diffusion also tended (P <
.11) to be greater in the jejunal BBMV. Sodium-independent uptake was similar
between intestinal sites.

The kinetic data presented in Table 14 support these observations. The
Vmax for Nat-dependent glucose uptake was greater in BBMV from lambs fed
the control diet (P <.03) and in jejunal BBMV (P < .002). The Ky, for Na*-

dependent glucose uptake also was lower (P <.005) for jejunal BBMV compared
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Figure 9. Total uptake (A) and Na*-dependent uptake (B) of glucose by jejunal
and ileal BBMV from lambs fed a control diet and the control diet supplemented with an
Aspergillus product. All data values are means from six animals. The SE for
concentrations of .075, .15, .3, .6, 1.2, 2.4, 4.8, and 9.6 mM were 5.3, 7.8, 4.1, 12.3,

15.1, 23.5, 41.7, 66.6 and 4.6, 7.2, 9.0, 12.3, 15.1, 23.5, 17.8, 17.3 pmoles/mg protein/sec
for total uptake and Na*t-dependent uptake, respectively.
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Figure 10. Na*-independent uptake (A) and diffusion (B) of glucose by jejunal and

ileal BBMV from lambs fed a control diet and the control diet supplemented with an
Aspergillus product. All data values are means from six animals. The SE for
concentrations of .075, .15, .3, .6, 1.2, 2.4, 4.8, and 9.6 mM were 1.0, 1.9, 2.9, 5.7, 10.9,
18.9,42.5,64.8 and .4, .9, 1.7, 3.4, 6.9, 13.7, 27.4, 54.2 pmoles/mg protein/sec for Na™-
independent uptake and diffusion, respectively.
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with ileal BBMV. Diet had essentially no effect on Ky, or Vipax of Na*-
independent glucose transport. The Ky, and Vi ax of Nat-independent uptake
were both higher (P <.006 and P < .05, respectively) for jejunal BBMV. The K,
of the Na*-independent transport of glucose was approximately 10- to 20-fold
higher than that of Nat-dependent transport indicating that the Na*-independent
transporters had only about one-tenth to one-twentieth the affinity for glucose.
Also the Na*-independent system of glucose uptake possessed about two-fold
greater maximal capacities.

We are not aware of any studies that have been conducted to determine
whether fungal or yeast products affect uptake of nutrients in the small intestine,
although studies have been conducted to evaluate the influence of Aspergillus on
the apparent digestibility of nutrients in the rumen and total gastrointestinal tract.
Several studies reported that digestibility of CP, OM, or fiber components are
improved in the rumen or total tract with the feeding of Aspergillus products
(Arambel et al., 1987; Wiedmeier et al., 1987; Gomez-Alarcon et al., 1990).
However, other studies have failed to demonstrate that Aspergillus products
improve the digestibility of these components (Oellermann et al., 1990; Denigan et
al., 1992). Interestingly, in contrast to cows fed a control diet, the duodenum of
cows fed an Aspergillus product possessed feed particles containing a dense
population of fungi similar to normal rumen fungi under microscopic examination
(Prange et al., 1979). Nisbet and Martin (1990) reported that Selenomonas
ruminatium, which is a major cellulolytic bacterium in the rumen, exhibited a
remarkably enhanced lactate uptake in the presence of an Aspergillus product.

Our results indicated that the supplementation of an Aspergillus product did

not induce the improvement of any parameters of methionine uptake by isolated
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BBMYV from lambs. However, with glucose uptake, total and Na*-dependent
glucose uptake were decreased significantly in response to the Aspergillus product.
Caton et al. (1993) indicated that duodenal flow of total, essential, and
nonessential amino acids tended to be increased (P <.10) by the inclusion of
Aspergillus products to steers. Meanwhile, Williams et al. (1990) reported that
diets fortified with yeast gave rise to a significant reduction (3-fold) of hexose-unit
oligosaccharide in the rumen of steers. According to Martin and Nisbet (1990),
soluble-starch fermentation tended to increase production of Hy, CHy, and VFA
when mixed ruminal microorganisms were incubated with Aspergillus product.
Several researchers observed increased numbers of ruminal bacteria and greater
ruminal fermentation activity when cows were fed a diet supplemented with
Aspergillus products (Wiedmeier et al., 1987; Frumholtz et al., 1989; Beharka et
al., 1991).

These fungal and yeast products can produce amylase and
amyloglucosidase to aid the digestion of starch to glucose directly (French, 1973;
Ustyazhanina et al., 1984). Also, Aspergillus products are capable of partial
depolymerization of structural cellulose, although enzymes produced by fungi do
not depolymerize cellulose completely to glucose (Boing, 1983; Mountfort, 1987).

Presumably, Aspergillus products do not directly influence the transport
capacity of methionine or glucose by the brush border of the small intestine. It
seems that the increased degradation of starch by the inclusion of Aspergillus
products may indirectly affect the intestinal glucose transport capacity. Generally,
elevated protein (amino acid or peptide) or carbohydrate (glucose) level in diets
resulted in a stimulated amino acid or glucose active transport as a result of

increased maximal capacity (Vpax) of intestinal transporters compared to low
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concentrations of protein or glucose, respectively (Ferraris et al., 1989, 1992b). In
our experiment, reduced total and Na*-dependent glucose uptake in response to
the Aspergillus product may be due to an increase in starch (carbohydrate)
degradation in the rumen and less starch passing to the small intestine. Shirazi-
Beechey et al., (1991a) pointed out that the infusion of 30 mM of D-glucose into
the proximal intestine of adult sheep resulted in a 40- to 80-fold greater Na™*-
dependent glucose transport when compared to the same age of sheep fed grasses.
This result suggested that intact glucose may affect the transcription or translation
of genes expressing Na™-dependent glucose transport protein (Shirazi-Beechey.,
1991a). Kreikemeier et al. (1991) observed that increased abomasal infusion of
glucose, starch, or dextrin caused a continual increase in net glucose absorption
across the small intestine.

In ruminants, much of the dietary carbohydrate may be fermented to VFA
by ruminal microorganisms, and only small amounts of hexoses may pass into the
small intestine under normal feeding conditions (Weekes, 1979). However, in our
experiment, the lambs were provided an 85% cracked corn-soy diets with 15%
ground orchard grass hay. Probably, in this kind of feeding regimen, a
considerable amount of starch may escape from the rumen to the small intestine.
Owens et al. (1986) reported that 18 to 42% of dietary starch reached the small
intestine and 42 to 88% of the starch reaching the small intestine was digested,
based upon a review of 42 trials with cattle fed high-grain diets. Janes et al. (1985)
reported that net glucose absorption across the small intestine could account for
the disappearance of starch in the small intestine.

In contrast to monogastric animals such as rats, monkeys, pigs, and humans,

the ruminant ileum is more active than the jejunum for amino acid absorption
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(Johns and Bergen, 1973; Phillips et al., 1979; Guerino and Baumrucker, 1987). In
sheep, it was shown that the ileum possessed a greater absorption capacity for
threonine than the ileum (Phillips et al., 1976). According to Wilson and Webb
(1990a), ileal BBMV from bovine had greater total methionine uptake compared
with jejunal BBMV. Data from the present study indicated that total methionine
uptake by ileal BBMYV was greater than jejunal BBMV. As with ruminants, it also
has been shown that the distal ileum of the rabbit has the maximal rate of transport
along the entire intestine (Munck, 1985; Munck and Munck, 1992a). Conceivably,
species differences are an important factor related to intestinal site of amino acid
uptake. The range of pH of 7 to 8 is the optimal level for intestinal protease ability,
but the contents of the small intestine of ruminants approach this range near the
last one-half to two-thirds of the intestine (Ben-Ghedalia et al., 1974). Thus, the
luminal milieu in ruminants may be less compatible with maximal proteolytic
activity and transport capability of amino acids in the middle to upper portions of
the small intestine (Webb, 1992).

Regarding the regional comparison of the intestine for glucose uptake, there
were substantial difference across sites (Figure 9). Total glucose uptake by the
jejunal BBMV exceeded that of the i1leal BBMV by 2.7-fold. This clearly indicates
that the jejunum of lambs is the site of maximal glucose transport capacity. This is
similar to other species such as rats, guinea pigs, and humans. Russell et al. (1981)
reported that the specific activity of maltase in cattle was highest in the jejunum
and decreased toward the ileum. Presumably, the quantitatively small amount of
luminal glucose flowing past the ileum accounts for the low capacity of glucose

transport compared with the jejunum (Harig et al., 1989, Ferraris et al., 1990).
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The importance of the relative contributions of the Nat-dependent, Na™*-
independent, and diffusion pathways to total uptake of methionine and glucose at
various substrate concentrations is illustrated in Figures 11 to 12 and Appendix
Tables 21 and 23. Diffusion provided a significant contribution for methionine
uptake by the jejunum and ileum. At substrate concentrations above .4 mM, uptake
via diffusion accounted for the highest portion of total uptake. The Na*-dependent
uptake was the dominant pathway for methionine uptake at methionine
concentrations below .4 mM. As substrate concentration was increased, this
system became of less relative importance. Overall, Na't-independent uptake was
the least important contributor.

Moe et al. (1987) observed that the relative portion of Na*-dependent, Na*-
independent, and diffusion uptake accounted for 14, 37, and 49% of total
methionine uptake when methionine concentration was .1 mM in bovine ileal
BBMYV. Wilson and Webb (1990a) using the bovine found that methionine uptake
by Na'-dependent, Na*-independent, and diffusion systems to be 53, 19, and
28% of total uptake at .125 mM methionine and 28, 16, and 56% of total uptake at
1.25 mM methionine. Likewise, Karasov et al. (1986) noted that the Na*-
dependent pathways for methionine uptake were the most prevalent pathways
when relative portion of uptake was measured at a .01 mM methionine
concentration.

As expected, the data (Figure 12 and Appendix Table 23) revealed that
diffusion of glucose became increasingly more important as substrate
concentration increased. However, diffusion was not nearly so dominant a mode of
uptake as it was with methionine. In fact, the two concentration-dependent forms

of uptake, diffusion and Na*-independent uptake, shared very similar magnitudes
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Figure 11. Relative contributions of Na*-dependent (A), Na*-independent (B),
and diffusion (C) systems to total methionine uptake by jejunal and ileal BBMV from
lambs fed a control diet and the control diet supplemented with an Aspergillus product.
All data are means from six animals. The SE for concentrations .1, .2, .4, .8, 1.6, 3.2, and
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and diffusion (C) systems to total glucose uptake by jejunal and ileal BBMV from lambs a
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of contribution to total glucose uptake. Sodium-dependent glucose uptake was
relatively more important at low glucose concentrations and relative glucose
uptake by this mechanism declined rapidly as substrate concentration increased.
Interestingly, the relative contribution of each mode of uptake to total uptake
between the jejunum and ileum varied. It appeared that Nat-dependent uptake
made a much greater contribution to total uptake in the jejunal compared with ileal
BBMYV.

Concerning the relative importance of glucose uptake pathways in lamb
intestinal BBMV, our data is very similar to that of Wolffram et al.(1986), which
indicated that the saturable transport component predominated up to 5 mM of D-
glucose. Stevens et al. (1984) also reported that the high affinity system was
overwhelmed at low glucose concentrations, but the diffusive system is more
important at concentrations above 2 mM. The conclusion that can be drawn is that
active transport of substrate by intestinal BBMV from lambs is quantitatively the
most important when methionine or glucose concentrations are low and diffusion
makes progressively greater contributions to total uptake as substrate concentration

increases.

Conclusions and Implications

Under the conditions of the present studies, the Aspergillus product did not
alter growth or feed utilization in weanling pigs or growing, finishing lambs.

The results of characterization of isolated BBMV clearly demonstrated that
purity of intestinal BBMV could be considered as adequate for the purpose of

methionine and glucose transport experiments, because they generally display over
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6- to 20-fold enrichments in the specific marker enzymes such as alkaline
phosphatase or sucrase with little apparent contamination by other cellular
organelles.

The inclusion of the Aspergillus product to the pigs diet did not induce
changes in intestinal mucosal cell enzyme profile or transporter affinity or capacity
of methionine and glucose transport. However, the supplementation of this product
to the lamb diet decreased jejunal mucosal cell weight and the capacity for total
and Na™-dependent glucose transport, although neither intestinal enzyme profile
nor methionine transport were altered. It appears that there is same correlation
between mucosal weight and glucose transport capacity in isolated intestinal
BBMV from lambs. Apparently, the jejunal BBMV showed greater adaptive
response to the feeding of Aspergillus product compared with the ileal BBMV in
lambs. In our experiment, reduced total and Na*-dependent glucose uptake in
response to the Aspergillus product may be due to an increase in starch
(carbohydrate) degradation in the rumen and less starch passing to the small
intestine. To test this hypothesis, the effect of Aspergillus on ruminal degradation
of starch should be investigated. Furthermore, the association between the
expression of glucose transport protein and ruminal and small intesinal digestion
of carbohydrate (glucose) needs exploration.

There was the site difference for sucrase activity in pigs and alkaline
phosphatase activity in lambs, respectively. Also, isolated jejunal BBMV from
lambs possessed greater capacity for glucose transport compared with that of ileal
BBMYV. Diffusion of methionine made the predominat contribution to total

methionine transport, while Na™-dependent glucose transport played the most
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important role in the relative contribution to total uptake of glucose transport under

physiological conditions.
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Chapter IV

General Discussion

As discussed in Chapter III, the supplementation of the Aspergillus product
to a pig diet did not change either intestinal mucosal cell weight, enzyme profile,
or transporter affinity and capacity for methionine and glucose. However, the
feeding of the Aspergillus product to lambs gave rise to a decrease in jejunal
mucosal weight and capacity for total and Na*-dependent uptake of glucose, while
neither intestinal enzyme profiles nor transport systems for methionine were
altered. Therefore, it appears that the Aspergillus product, as a feed additive, may
have more metabolic influence on the ruminant than on monogastric animals.

Feeding products based upon either fungi or yeasts to ruminants sometimes
result in alterations in ruminal fermentation. The present observations of a
decrease in jejunal mucosal cell weight and transport capacity for glucose by
isolated BBMYV from lambs may result from increased ruminal fermentation in
response to feeding of the Aspergillus product. According to Williams et al.
(1990), hexose-unit oligosaccharides containing maltose and maltriose in ruminal
fluid of steers fed a 60:40 concentrate to forage diet were reduced 3-fold by the
feeding of yeast cultures. Also, several studies reported that ruminal fermentation
was increased in the presence of Aspergillus products. This may be brought about
by the stabilization of the ruminal environment through reductions in ruminal
lactate concentration and increases in ruminal pH which leads to increased ruminal
bacteria and subsequently an increase in ruminal degradation of starch and

structural carbohydrate (Williams et al., 1990). Presumably, the reduced glucose
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transport in response to the Aspergillus product may be associated with the
increased rumen degradation of starch when lambs were fed an 85% grain diet.
Subsequently, the decreased post-ruminal supply of carbohydrate may result in a
decreased expression of the small intestinal glucos:e transport protein (adaptive
regulation). The decrease in total glucose uptake by isolated BBMV from lambs
fed the Aspergillus product was largely due to a decreased Na™-dependent uptake.
The decreased intact sugar might induce less transcription or translation of the
Na't/glucose cotransporter gene in the enterocyte. The current belief is that most
intestinal nutrient transporters are, at least to some extent, regulated by their
substrates. In the case of nutrient transporters for sugars, amino acids and peptides,
an increasing concentration of some these nutrients in the intestinal lumen will
stimulate the development of increased transport capacity or rate. (Buddington and
Diamond, 1989; Ferraris and Diamond, 1989).

Alterations of ruminal fermentation such as VFA production and ratio of
acetate to propionate in the presence of Aspergillus products should not be
overlooked as factors that may effect digestion (uptake) or metabolism in the small
intestine. It may be possible that one or more of the end products of carbohydrate
fermentation in some way regulate mucosal development and glucose transport
capacity in the small intestine. With increased fermentation, more end products
(1.e. VFA) may escape absorption from the stomach and pass into the small
intestine. At this point they may be absorbed by the enterocytes and function as
down-regulation for mucosal cell development and (or) glucose transport.
Evidence for such a role of VFA, however, is not available.

Another possible factor that may influence glucose transport in response to

the Aspergillus product is the alteration of mucosal cell maturation or cell
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migration rate and expression of digestive enzymes such as amylase and maltase.
In the present study, feeding of the Aspergillus product caused a reduction of
jejunal mucosal weight (14.9%) of lambs. We did not monitor morphological or
histological changes or digestive enzymes. Nevertheless, the possibility of this
alteration in response to the Aspergillus product can not be exclude. Often,
improvement of growth of pigs may be due to changes in gastrointestinal tract
development (Collington et al., 1988). It is apparent that changes in nutrient
metabolism or modulations of mucosal cell function of the intestine can have a
major influence on the pattern of transport capacity of the small intestine.

Other feasible factors that may affect the expression of glucose uptake by
the feeding of Aspergillus product include changes in rate of flow of digesta,
gastrointestinal pH, and direct impact on mucosal cell transport properties.

As discussed, Aspergillus products may have their most direct effect on
ruminal fermentation rather than on small intestinal nutrient transport. Aspergillus
products may alleviate negative effects such as the difficulty associated with the
digestion of structural carbohydrate, accumulation of lactate, and subsequent
decreases in the number of cellulolytic bacteria in the rumen when animals are fed
a high grain diet to enhance energy density under intensive management programs.
However, if more starch is degraded in the rumen by the feeding of Aspergillus
products, the efficiency of energy utilization will be decreased. Density of energy
1s much greater if carbohydrate is directly absorbed from the small intestine rather
than being fermented in the rumen. Digestion of starch in the small intestine
resulted in a 42% improvement of energy density compared with degradation of
starch in the rumen (Owens et al., 1985). If our assumption about less

carbohydrate passing through the small intestine by the feeding of Aspergillus
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product is true, one might question what kind of a feeding regimen is the most
beneficial for animal nutrition when using Aspergillus products. It seems that the
inclusion of the Aspergillus product in a high-grain feeding regimen may not
always be beneficial for livestock production systems in terms of energy
efficiency. Further research of these interactions between supplementation of
Aspergillus products and level of concentrate in the diet is necessary to optimize
the efficiency of animal production system.

Also, it may be argued as to how much non-structural carbohydrate present
in high grain diets can pass to the small intestine without ruminal degradation and
how much the amylase and amylogucosidase Aspergillus product contains to aid
the hydrolysis of alpha-linked glucose polymers (starch) in the rumen.

To prove the efficacy of Aspergillus on the expression of intestinal glucose
transporters, study of the association between the expression of transporters and
ruminal and small intestinal digestion of starch is necessary. Because, in
ruminants, the glucose transport mechanisms involved in the regulation of dietary
substrate are poorly understood compared with monogastric animals which utilize
glucose as the major substrate for energy storage and oxidation, studies should be

undertaken to further our knowledge in this area.
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Appendix Table 1. Total amount of protein and percent
recovery from homogenate for pig
intestinal brush border membrane
fractions (n=4)

Fraction Protein  SD Recovery2 SD  sumP
————— mg —---=-- —m—m—smees R mme—ee—-

Homogenate 2,453.0 271.9 100

Pellet (P1) 1,112.8 132.3 45.63  6.43

Supernatant (S1) 1,076.2 208.2 43.63 4.66 89.2

P2a 102.6 9.6 4.20 .38

S2a 901.4 133.8 36.71 3.71 93.3

P2b 64.1 4.8 2.63 .32

S2b 25.3 3.8 1.03 .15 87.3

P3 33.5 9.7 1.36 .37

S3 31.5 6.6 1.31 .36 101.4

P4 21.1 2.4 .87 .15

S4 5.9 1.1 .25 .06 85.7

Band (BO) .5 .1 .02 .01

Bl 4.6 1.0 .19 .05

B2 3.3 .7 .14 .04

B3 9.8 2.2 .40 .09 86.3

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (33.5 mg) = total protein of P3
divided by total protein of H (2,453 mg) times 100 gives
1.36%.)

bExpresses the total percentage recovery of the previous
differentiation step (Example: sum for P4 (21.1 mg) and S4
(5.9 mg) divided by S3 (31.5 mg) times 100 gives 85.7%.)
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Appendix.Table 2. Total alkaline phosphatase activity and
percent recovery from homogenate for pig
intestinal brush border membrane
fractions (n=4)

Fraction Total activity SD Recovery@ SD Sum®
-- umole/min -- = —=——————- $ ————————

Homogenate 176.3 45.3 100

Pellet (P1) 93.7 18.50 53.79  4.60
Supernatant (S1) 82.0 13.50 47.47 7.28 99.7
P2a 31.7 10.10 17.76 2.67

S2a 35.7 5.10 20.85 3.31 82.4
P2b 23.2 5.88 13.21 1.84

S2b 6.9 1.63 3.97 .60 95.0
P3 14.0 6.53 8.47 4.98

S3 12.5 6.58 6.79 2.39 114.2
P4 2.1 1.35 4.94 .74

S4 2.0 .52 1.14 .02 88.8
Band (BO) .1 .02 .05 .02

Bl 4.7 .80 2.70 .32

B2 4.1 1.04 2.31 .45

B3 4.6 2.68 2.50 .77 148.8

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (14.0 umol/min) = total
activity of P3 divided by total activity of H (176.3
umol/min) times 100 gives 8.47%.)

Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P4 (9.1 umole/min)
and S4 (2.0 umole/min) divided by S3 (12.5 umole/min) times
100 gives 88.8%.)
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Appendix Table 3. Total sucrase activity and percent
recovery from homogenate for pig
intestinal brush border membrane
fractions (n=4)

Fraction Total activity SD Recovery2 SD SumP

--- umol/min ---- = -—--—---—- § —————————
Homogenate 15,045.4 2,827.1 100
Pellet (P1) 9,192.3 1,813.6 62.80 6.71

Supernatant(S1) 6,363.0 1,562.2 41.96 3.18 103.4

P2a 3,743.3 743.4 24.94 2.73
S2a 2,082.9 842.6 13.45 3.44 91.6
P2b 3,115.7 323.5 21.12 3.23
S2b 562.7 100.3 3.77 .51 98.3
P3 1,346.2 437.2 9.08 3.10
S3 1,466.5 527.8 9.70 3.26 90.3
P4 1,188.9 364.1 8.04 2.59
S4 110.8 29.6 .73 .11 88.6
Band (BO) 5.4 3.9 .04 .03
Bl 343.9 80.2 2.32 .51
B2 412.7 95.0 2.83 .82
B3 348.0 158.1 2.36 1.11 93.4

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (1,346.2 umol/min) = total
activity of P3 divided by total activity of H (15,045 4
umol/min) times 100 gives 9.08%.)

Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P3 (1,346.2
pumole/min) and S3 (1,466.5 umole/min) divided by P2b
(3,115.7 umole/min) times 100 gives 90.3%.)
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Appendix Table 4. Total acid phosphatase activity and
percent recovery from homogenate for pig
intestinal BBMV (n=4)

Fraction Total activity SD Recovery? SD SumP
______ U —————— ————————e % e

Homogenate 23.63 4.55 100

Pellet (P1) 11.70 1.11 50.72 9.81
Supernatant (S1)10.88 1.62 46.38 2.95 95.6
P2a 1.71 .30 7.30 .86

S2a 8.80 1.61 37.29 1.13 96.6
P2b 1.19 .15 5.13 .79

S2b .42 .03 1.83 .38 924.2
P3 .53 .09 2.30 .64

S3 .66 .03 2.85 .46 100.0
P4 .47 .07 2.02 .20

S4 .10 .03 .46 .21 86.4
Band (BO) .01 .001 .05 .01

B1 .09 .03 .39 .07

B2 .05 .02 .20 .07

B3 .23 .03 1.00 .29 80.9

AdExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (.53 U) = total activity of P3
divided by total activity of H (23.63 U) times 100 gives
2.30%.)

bExpresses the total percentage recovery of the previous
differentiation step (Example: sum for P4 (.47 U) and
S4 (.10 U) divided by S3 (.66 U) times 100 gives 86.4%.)
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Appendix Table 5. Total lactate dehydrogenase activity and
percent recovery from homogenate for pig
intestinal brush border membrane
fractions (n=4)

Fraction Total activity  SD Recovery@ SD  SumP
--—- ABS U/min --- = -—=—————-—- F ————————

Homogenate 15,748 1,755 100

Pellet (P1) 1,408 215 9.12 2.31
Supernatant (S1)14,777 1,152 94.13 3.60 102.8
P2a 279 45 1.76 .11

S2a 13,804 1,107 88.20 8.93 95.3
P2b 138 27 .87 .12

S2b 168 29 1.06 .10 109.5
P3 62 2 .40 .06

S3 75 19 .48 .11 99.8
P4 40 15 .26 .10

S4 12 3 .08 .01 69.8
Band (BO) 1 0 .01 .03

Bl 15 4 .09 .03

B2 8 4 .05 .02

B3 12 5 .08 .03 88.6

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (61.8 ABS U/min) = total
activity of P3 divided by total activity of H (15,747.5 ABS
U/min) times 100 gives .40%.)

Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P3 (61.8 ABS U/min)
and S3 (75.4 ABS U/min) divided by P2b (137.5 ABS U/min)
times 100 gives 99.8 %.)
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Appendix Table 6. Total cytochrome c oxidase activity and
percent recovery from homogenate for pig
intestinal BBMV fractions (n=4)

Fraction Total activity SD Recovery@ SD  sumP
--- ABS U/min === =  ——ceeee-- § ———————-

Homogenate 11,733.6 4,780.1 100

Pellet (P1) 9,246.7 2,118.7 73.84 20.24

Supernatant (S1) 503.2 255.5 2.58 .60 83.1

P2a 282.9 47.9 2.58 .60

S2a 269.6 87.9 2.31 1.79 109.8

P2b 210.4 48.9 1.89 .39

S2b 43.0 9.6 .4 .15 89.6

P3 109.6 40.5 .98 .36

S3 87.9 9.2 .81 .22 93.9

P4 51.6 19.6 .45 .15

S4 6.4 4.4 .05 .03 66.0

Band (BO) .4 .30 .0006 .002

Bl 1.1 .51 . 009 .002

B2 8.0 3.7 .007 .001

B3 31.9 10.1 .30 .14 80.3

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (109.6 ABS U/min) = total
activity of P3 divided by total activity of H (11,733.6 ABS
U/min) times 100 gives .98%.)

Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P3 (109.6 ABS
U/min) and S3 (87.9 ABS U/min) divided by P2b (210.4 ABS
U/min) times 100 gives 93.9%.)
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Appendix Table 7. Total Nat/K*ATPase activity and percent
very from homogenate for pig intestinal
brush border membrane fractions (n=4)

Fraction Total activity SD Recovery@ SD  sumP
—————— U === —————————— | —————————

Homogenate 96.45 33.80 100

Pellet (P1l) 62.95 22.32 65.27 23.36

Supernatant (S1)38.94 14.03 40.37 27.20 105.6

P2a 8.45 2.54 8.79 2.83

S2a 16.42 8.42 17.02 3.63 63.9

P2b 7.39 4.41 7.66 4,27

S2b .64 .74 .61 .71 95.0

P3 3.14 .75 3.26 3.12

S3 2.61 .55 2.71 1.00 77.8

P4 1.64 .46 1.70 .71

S4 .39 .45 .40 .35 64.6

Band (BO) .00 .00 .00 .00

Bl .41 .13 .43 .39

B2 .31 .15 .32 .21

B3 1.02 .24 .11 .10 106.1

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (3.14 U) = total activity of

P3 divided by total activity of H (96.45 U) times 100 gives
3.26%.)

Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P3 (3.14 U) and

S3 (2.61 U) divided by P2b (7.39 U) times 100 gives

77.8%.)
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Appendix Table 8. Total cytochrome c reductase activity
and percent recovery from homogenate for
pig intestinal brush border membrane
fractions (n=4)

Fraction Total activity SD Recoveryd SD SumP
-- ABS U/min -= = ———m—o—eee § ————me——m

Homogenate 292.76 65.76 100

Pellet (P1) 126.67 57.50 41.72 10.69

Supernatant (S1)184.12 74.75 61.45 16.30 106.2

P2a 38.41 18.89 12.61 4.14

S2a 156.71 56.62 52.58 10.92 106.0

P2b 34.60 13.63 11.53 2.61

S2b 8.34 4.17 2.77 1.10 111.8

P3 16.04 3.88 5.54 1.13

S3 17.56 7.07 5.89 1.74 97.1

P4 13.77 6.60 2.02 .20

S4 1.61 .54 .54 .08 87.6

Band (BO) .14 .04 .05 .02

Bl 1.32 .98 .42 .24

B2 .97 .74 .31 .18

B3 7.24 1.18 2.51 .37 70.2

dExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (16.04 ABS U/min) = total
activity of P3 divided by total activity of H (292.76 ABS
U/min) times 100 gives 5.54%.)

Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P3 (16.04 ABS

U/min) and S3 (17.56 ABS U/min) divided by Pyp (34.60 ABS
U/min) times 100 gives 97.1%.)
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Appendix Table 9. Total amount of protein and percent
recovery from homogenate for lambs
intestinal brush border membrane
fractions (n=4)

Fraction Total protein SD Recovery@ SD SumbP
------ mg —----- —————————= -

Homogenate 2,727.3 186.5 100

Pellet (P1) 1,303.5 177.2 47.68 3.97
Supernatant (S1)1,168.7 60.4 42.91 1.69 90.6
P2a 139.8 11.1 5.14 .47

S2a 1,022.4 101.8 37.45 1.77 99.3
P2b 104.2 10.6 3.84 .32

S2b 28.4 4.1 1.04 .10 94.9
P3 73.5 10.7 2.72 .53

S3 32.8 4.6 1.20 .17 102.1
P4 26.9 4.0 .99 .18

S4 10.0 1.2 .37 .03 113.3
Band (BO) 1.0 .3 .04 .01

Bl 5.6 0.8 .21 .03

B2 4.5 0.8 .17 .03

B3 10.4 2.0 .38 .09 80.8

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (73.5 mg) = total protein of Pj3
divided by total activity of H (2,727.3 mg) times 100 gives
2.72%.)

bExpresses the total percentage recovery of the previous
differentiation step. (Example: sum for P; (26.9 mg) and Sy

(10.0 mg) divided by S3 (32.8 mg) times 100 gives 113.3%.)
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Appendix Table 10. Total Alkaline phosphatase activity and
percent recovery from homogenate for
lambs intestinal brush border membrane

fractions (n=4)

Fraction Total activity SD Recoveryd SD SumP
--— umole/min -=  =————————-- § =————————

Homogenate 540.92 628.03 100

Pellet (P1) 259.53 281.50 49.85 7.39

Supernatant (S1)263.35 295.72 50.17 2.59 100.0

P2a 93.34 104.06 17.14 3.27

S2a 145.98 179.01 28.05 4.40 90.1

P2b 80.17 92.42 15.07 1.20

S2b 9.59 9.91 2.15 1.40 100.5

P3 52.25 69.42 10.31 2.95

S3 27.33 26.57 5.99 1.56 108.26

P4 20.79 20.53 4.86 1.21

S4 4.90 5.23 1.19° 0.61 101.0

Band (BO) .34 .50 .05 .02

Bl 5.76 6.91 1.04 .07

B2 8.91 1.36 1.36 .39

B3 7.91 8.28 1.70 .31 85.4

AExpresses recovery with respect to the original homogenate.

[

(Example: % recovery for P3 (52.25 umole/min) = total
acticity of P3 divided by total activity of H (540.92
umole/min) times 100 gives 10.31%.)
Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P4 (20.79
umole/min) and S4 (4.90 umol/min) divided by S3 (27.33
umole/min) times 100 gives 101.0%.)
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Appendix Table 11. Total acid phosphatase activity and
percent recovery from homogenate for
lambs intestinal brush Border membrane
fractions (n=4)

Fraction Total activity SD Recoveryd SD  sumP
______ U - ————— -———— ——— ——— % -—————————

Homogenate 56.31 18.94 100

Pellet (P1) 26.76 12.39 46.19 6.41

Supernatant (S1)21.04 2.42 41.88 18.19 88.07

P2a 4.87 .45 9.34 3.01

S2a 14.56 1.60 28.57 11.51 90.52

P2b 3.76 .38 7.16 1.98

S2b .90 .16 1.76 .74 95.50

P3 .94 .21 1.89 .89

S3 2.75 .37 5.26 1.62 99.86

P4 1.88 .21 3.65 1.32

S4 .33 .08 .65 .27 81.75

Band (B0) .02 .009 .04 .03

Bl .24 .02 .46 .14

B2 .19 .05 .36 .06

B3 .83 .21 1.26 .47 58.08

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (.94 U) = total acticity of P3
divided by total activity of H (56.31 U) times 100 gives
1.89%.)

bExpresses the total percentage recovery of the previous
differentiation step (Example: sum for P4 (1.88 U) and

S4 (.33 U) divided by S3 (2.75 U) times 100 gives 81.75%.)
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Appendix Table 12. Total lactate dehydrogenase activity and
percent recovery from homogenate for
lamb intestinal brush border membrane
fractions (n=4)

Fraction Total activity SD Recovery@ SD SumP
—-=- ABS U/min =-==  ——=—=——e-- g ——m——————-

Homogenate 9,538.3 417.0 100

Pellet (P1) 1,407.5 1,090.6 14.45 10.61

Supernatant(S1)7,169.9 482.8 74 .54 4.40 89.0

P2a 199.3 22.7 2.08 .17

S2a 6,573.0 834.8 69.09 9.77 95.4

P2b 119.1 12.6 1.25 .01

S2b 76.6 10.7 .80 .08 98.6

P3 28.0 4.1 .29 .05

S3 94.4 11.1 .99 .09 102.4

P4 63.4 10.2 .67 .08

S4 15.7 4.3 .17 .05 84.9

Band (BO) 1.3 .04 .01 .005

Bl 13.3 2.0 .14 .02

B2 8.8 1.4 .09 .02

B3 30.3 5.2 .32 .05 83.6

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (28.0 ABS U/min) = total
acticity of P3 divided by total activity of H (9,538.3
ABS/min) times 100 gives .29%.)

Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P3 (28.0 ABS U/min)
and S3 (94.4 ABS U/min) divided by P2b (119.1 ABS U/min)
times 100 gives 102.4%.)
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Appendix Table 13. Total cytochrome c oxidase activity and
percent recovery from homogenate for
lamb intestinal brush border membrane

fractions (n=4)

Fraction Total activity SD Recoveryd SD Sum®
-—--- ABS U/min --= —=—==ec———- § mm——————

Homogenate 12,663.2 6,100.2 100

Pellet (P1) 9,268.8 3,264.0 76.57 11.44

Supernatant (S1) 631.0 74.1 5.74 2.17 82.3

P2a 284.3 114.4 2.30 .30

S2a 303.4 144.3 3.22 2.68 96.2

P2b 202.8 95.3 1.61 .44

S2b 42.1 22.1 .35 .19 85.2

P3 122.2 64.1 .97 .49

S3 108.8 51.4 .93 .42 118.0

P4 80.3 29.5 .70 .27

S4 8.0 3.8 .08 .05 83.9

Band (BO) .9 .7 .01 .01

Bl 2.9 3.4 .03 .03

B2 2.1 2.6 .02 .02

B3 61.6 22.4 .53 .17 84.3

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (122.2 ABS U/min) = total
acticity of P3 divided by total activity of H (12,663.2
ABS/min) times 100 gives .97%.)

Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P3 (122.2 ABS
U/min) and S3 (108.8 ABS U/min) divided by P2b (202.8 ABS
U/min) times 100 gives 118.0%.)
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Appendix Table 14. Total Nat/K*ATPase activity and percent
recovery from homogenate for lamb
intestinal brush border membrane
fractions (n=4)

Fraction Total activity SD Recoveryd SD SumbP
______ U ——————— S -

Homogenate 76.36 20.17 100

Pellet (P1) 35.89 13.36 49.85 7.39

Supernatant (S1)23.10 4.89 31.22 7.53 81.1

P2a 5.86 2.62 8.00 4.47

S2a 22.88 3.92 32.56 14.25 129.9

P2b 4.57 3.83 6.50 6.39

S2b 1.76 1.05 2.29 1.04 109.9

P3 2.65 .49 3.54 .49

S3 2.34 1.95 3.05 2.06 101.4

P4 .76 .13 1.09 .48

S4 .58 .68 .74 .85 60.0

Band (B0O) .02 .04 .03 .06

Bl .23 .10 .31 .14

B2 .21 .10 .28 .13

B3 1.01 .30 1.44 .79 189.0

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (2.65 U) = total acticity of
P3 divided by total activity of H (76.36 U) times 100 gives
3.54%.)
Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P3 (2.65 U) and
S3 (2.34 U) divided by P2b (4.57 U) times 100 gives
101.38%.)
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Appendix Table 15. Total cytochrome c reductase activity
and percent recovery from homogenate for
lamb intestinal brush border membrane
fractions (n=4)

Fraction Total activity SD Recovery@ SD SumP
--- ABS U/min --=  —=————o——v g ———————-

Homogenate 657.53 128.81 100

Pellet (P1) 299.41 84.54 45.64 11.16
Supernatant (S1) 287.67 70.59 44.19 10.40 89.8
P2a 70.68 25.01 10.89 3.76

S2a 202.80 41.07 31.01 4.60 88.8
P2b 52.95 18.64 8.28 3.00

S2b 17.46 8.90 2.61 1.00 100.0
P3 19.79 10.29 2.88 .97

S3 33.00 7.84 5.17 1.57 108.1
P4 27.19 8.94 4.28 1.54

S4 8.29 3.38 1.26 .46 107.2
Band (BO) 1.03 .80 .18 .14

Bl 1.51 .31 .23 .05

B2 1.50 .33 .24 .07

B3 14.63 3.16 2.26 .49 68.0

AExpresses recovery with respect to the original homogenate.
(Example: % recovery for P3 (19.79 ABS U/min) = total
acticity of P3 divided by total activity of H (657.53
ABS/min) times 100 gives 2.88%.)

Expresses the total percentage recovery of the previous
differentiation step (Example: sum for P3 (19.79 ABS
U/min) and S3 (33.0 ABS U/min) divided by P2b (52.95 ABS
U/min) times 100 gives 108.1%.)
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Appendix Table 16.  Methionine uptake by isolated jejunat and ileal BBMV from pigs fed an

Aspergillus product?,
Diet
Control Aspergillus
System Jejunum Ileum Jejunum lleum SE pb pc pd
Conc=.1 mM
Total 59.8 66.7 66.5 657 1.8 .43 40 29
Na®-dep 14.9 20.2 16.8 198 12 .74 .10 .63
Na™*-indep 22.8 24.6 26.8 23.0 .8 44 55 .10
Diffusion 22.1 21.9 22.9 229 .60 48 91 93
Conc=2mM
Total 105.3 119.0 118.4 1228 3.7 27 24 54
Nat-dep 27.9 355 30.2 342 27 93 30 .75
Na*-indep 33.1 39.8 42.4 429 14 .05 23 30
Diffusion 443 43.8 45.8 458 12 48 91 93
Conc = .4 mM
Total 186.4 209.8 208.1 2193 69 28 23 .66
Na't-dep 43.6 60.0 45.0 658 5.0 .72 .08 .83
Na*-indep 54.3 62.3 715 62.0 2.8 .16 90 .15
Diffusion 88.6 87.6 91.6 91.5 24 48 91 93
Conc=.8 mM
Total 310.2 364.9 354.8 359.5 8.0 24 .09 .14
Nat-dep 58.9 92.6 53.9 73.5 45 20 01 .44
Na*-indep 74.1 97.2 117.6 1029 6.8 .09 .77 .19
Diffusion 177.2 175.1 183.3 183.0 4.8 .48 91 93
Conc = 1.6 mM
Total 575.4 594.5 615.7 602.0 153 .45 93 .60
Nat-dep 90.9 112.8 94.8 94.1 6.5 .58 43 .40
Na*-indep 130.1 131.4 154.2 141.8 11.0 .45 .81 .76
Diffusion 354.3 350.3 366.6 366.1 9.7 .48 91 .93
Conc =3.2 mM
Total 980.6 1,085.8 1,130.8 1,061.0 325 27 94 27
Nat-dep 89.5 189.2 138.7 1144 10.0 .53 .08 .01
Na%t-indep 182.4 196.3 258.9 2146 200 26 .71 .48
Diffusion 708.6 700.5 733.1 732.1 194 .48 91 .93
Conc = 6.4 mM
Total 1,752.6 1,810.8 1,911.9 1931.0 437 .12 .64 .79
Na't-dep 107.9 161.4 143.9 152.1 17.6 .71 .40 .53
Na*-indep 227.7 2479 303.2 3149 266 .20 .77 94
Diffusion 1,417.0 1,401.0 1,464.8 1,464.0 387 .49 92 .93

3Expressed as pmoles/mg protein/sec.

bProbability that a diet difference this large or larger could have occurred by chance.
CProbability that a site difference this large or larger could have occurred by chance.
dProbability that a diet*site interaction this large or larger could have occurred by chance.
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Appendix Table 17.

BBMV of pigs fed an Aspergillus product?.

Relative contributions of Na*-dependent, Na*-independent, and
diffusion systems to total uptake of methionine by jejunal and ileal

Diet
Control Aspergillus
System Jejunum [leum Jejunum [leum SE pb pc pd
Conc=.l mM
Na*-dep 25.4 30.3 254 300 1.2 .94 .07 96
Nat-indep  36.2 5.8 40.0 337 1.0 .67 .10 .15
Diffusion 38. 33.9 34.6 364 8 67 38 .06
Conc =.2 mM
Na%-dep 25.5 29.4 25.1 277 14 72 29 84
Na*-indep 31.8 32.8 35.6 339 1.1 28 .89 55
Diffusion 42.7 37.8 443 384 13 .60 .13 26
Conc= .4 mM
Na*-dep 23.2 27.7 215 300 15 .94 05 .52
Na™-indep 31.8 32.8 34.4 283 1.1 28 .89 24
Diffusion 45.0 39.5 44.0 41.7 43 .10 .66
Conc =.8 mM
Na*t-dep 19.0 25.4 15.2 211 1.2 .12 .03 91
Na*-indep 243 26.1 33.4 280 1.7 .13 .60 .30
Diffusion 56.7 48.5 51.3 509 12 .54 35 .12
Con= 1.6 mM
Na™-dep 15.8 19.3 15.5 164 1.1 48 30 .52
Na*-indep 22.6 20.8 25.5 234 15 .36 .53 .95
Diffusion 61.6 60.0 59.0 602 13 .62 91 .55
Conc=3.2 mM
Nat-dep 9.4 17.4 11.8 103 .7 .11 .03 .0l
Na™-indep 19.0 18.1 233 210 1.5 .25 57 .83
Diffusion 71.6 64.5 64.8 687 16 .83 .83 .67
Conc = 6.4 mM
Na*-dep 6.2 8.1 7.3 79 9 .75 49 .70
Nat-indep 13.0 14.8 16.5 171 1.6 .48 .83 98
Diffusion 80.9 77.1 76.1 749 12 .19 36 .63

8Percentage basis

bProbability that a diet difference this large or larger could have occurred by chance.

CProbability that a site difference this large or larger could have occurred by chance.

dProbabilitythat a diet*site interaction this large or larger could have occurred by chance.
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Appendix Table 18  Glucose uptake by isolated jejunal and ileal BBMYV of pigs fed an

Aspergillus productd.
Diet
Control Aspergillus
System Jejunum Ileum Jejunum lleum SE Pb pc pd
Conc =.075 mM
Total 36.4 374 374 36.1 1.8 98 98 .75
Na™-dep 21.0 22.8 229 213 1.6 .66 .62 .99
Na™-indep 9.6 9.3 9.0 9.3 4 .70 99 .70
Diffusion 5.8 5.4 5.6 5.6 2 93 .58 .58
Conc =.15 mM
Total 58.1 59.7 63.8 63.7 3.0 62 .70 .39
Na*-dep 294 30.7 37.3 334 25 31 .80 .62
Na‘t.indep 17.2 18.1 15.4 19.1 6 .76 .08 .29
Diffusion 115 10.8 1.1 11.1 3 93 .58 58
Conc=.3 mM
Total 103.5 111.7 110.4 1233 49 43 66 71
Na*-dep 48.8 54.5 55.4 56.0 44 66 .74 78
Na*-indep 317 35.6 32.8 45.1 2.5 31 .13 42
Diffusion 23.1 21.6 222 222 6 93 .58 58
Conc = .6 mM
Tot;xl 221.2 216.8 211.3 2258 98 90 .69 .75
Na™-dep 10L.8 974 102.0 1090 72 69 93 .70
Na*-indep 73.3 76.2 64.9 724 25 26 .33 .67
Diffusion 46.1 433 44.5 444 12 93 .57 58
Conc =12 mM
Total 369.9 373.7 379.7 3873 154 71 .86 .96
Na+-dep 140.3 144.4 163.9 147.8 114 80 .57 .67
Na*-indep 137.3 142.6 126.9 1506 6.1 .93 26 47
Na+-dep 92.2 86.5 88.9 889 2.5 .93 .57 .58
Conc = 2.4 mM
Total 663.3 662.3 618.9 666.6 23.6 .68 .63 .62
Na™-dep 248.8 251.0 216.7 246.5 183 .63 .67 .71
Na*-indep 230.0 2383 224.4 2423 87 97 47 .79
Diffusion 184.4 173.0 177.9 1778 49 93 57 58
Conc =4.8 mM
Total 1,161.0 1,118.1 1,071.4 1,195.5 38.8 .94 62 62
Na*-dep 354.8 346.8 307.0 3396 248 .59 .81 .69
Na™-indep 438.3 4252 408.8 500.5 14.0 43 .18 .09
Diffusion 368.8 346.0 355.6 3555 99 93 .58 58
Conc = 9.6 mM
Total 1.846.6 1,767.0 1,721.6 1,822.0 474 91 .73 25
Na™-dep 3943 378.8 337.0 3408 293 43 93 88
Na™-indep 714.6 696.2 673.3 770.1 278 .78 .50 .32
Diffusion 737.7 692.1 711.3 711.1 19.8 93 .58 .58

8Expressed as pmoles/mg protein/sec.
bprobability that a diet difference this large or larger could have occurred by chance.
CDrnkability that a <ite difference this larce or larger could have occurred by chance.
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Appendix Table 19.  Relative contributions of Na™-dependent. Na*-independent, and
diffusion systems to total uptake of glucose by jejunal and ileal BBMV
of pigs fed an Aspergillus product?.

Diet
Control Aspergillus
System Jejunum [leum Jejunum [leum SE pb pc pd
Conc = .075 mM
Naf-dep 57.7 599 60.2 587 24 SU 47 .67
Na™-indep 26.4 25.4 24.6 256 12 .54 80 49
Diffusion 15.9 14.7 15.3 15.6 7 .80 52 37
Conc =.15 mM
Na*-dep 49.4 51.2 58.5 509 24 26 .38 23
Na*-indep 30.4 30.5 24.1 305 14 .52 49 51
Difuusion 20.2 18.3 17.4 18.6 .8 99 33 .87
Conc =.3 mM
Na*"-dep 46.3 18.6 50.2 465 23 .70 .67 96
Na™-indep 311 31.7 29.7 382 2.0 63 21 27
Diffusion 22.6 19.7 20.1 20.7 7 .89 .25 37
, Conc =.6 mM
Na™-dep 46.0 443 46.3 463 1.6 .87 .66 .66
Na*-indep 33.1 353 313 325 1.1 19 .72 91
Diffusion 20.8 204 224 213 i 61 36 93
Conc = 1.2 mM
Na*-dep 37.1 38.0 412 368 1.7 .68 .62 .45
Na'-indep 37. 38.0 34.3 388 14 64 38 47
Diffusion 253 24.0 24.5 244 9 92 68 .71
Conc = 2.4 mM
Na't-dep 37.1 37.6 33.2 356 1.7 40 .68 .79
Na*-indep 349 35.7 36.4 368 1.4 .65 .83 95
Diffusion 28.0 26.7 30.4 27.6 9 36 26 .67
Conc =4.8 mM
Na*-dep 29.9 30.6 27.8 278 13 35 .89 .90
Na*-indep 38.0 37.7 374 41.7 1.0 41 34 29
Diffusion 32.1 31.7 34.8 30.5 .8 64 .16 .25
Conc =9.6 mM
Na™-dep 21.4 21.4 19.3 187 15 .36 .80 .80
Na*-indep 38.7 38.7 38.0 423 1.0 75 .50 .51
Diffusion 39. 39.9 42.7 390 L1 75 35 36

aPercentage basis

bprobability that a diet difference this large or larger could have occurred by chance.
CProbability that a site difference this large or larger could have occurred by chance.
dprobability that a diet*site interaction this large or larger could have occurred by chance.

139



Appendix Tabie 20.  Methionine uptake by isolated jejunal and ileal BBMV from lambs fed

an Aspergillus product®.

Diet
Control Aspergillus
Svstem Jejunum Ileum Jejunum lleum SE Pb pc pd
Conc =.1 mM
Total 66.9 63.4 58.2 68.1 7 .57 36 .06
Na*-dep 33.0 30.0 28.0 360 1.5 .86 .41 08
Na™-indep 16.3 15.1 12.3 12.1 1.0 .09 .72 .8l
Diffusion 17.6 18.3 17.9 20.0 6 43 28 55
Conc =2 mM
Total 113.8 112.9 103.8 1173 2.8 .62 .27 30
Na*-dep 52.9 524 46.1 57.2 28 .83 37 .33
Na*-indep 25.7 24.0 219 20.0 1.8 31 28 99
Diffusion 352 36.5 35.8 40.1 1.7 41 27 56
Conc = .4 mM
Total 184.5 192.0 176.4 203.9 46 .85 .08 .26
Na™-dep 72.0 76.2 73.1 91.4 3.5 .26 .13 49
Na*-indep 42.1 42.8 31.8 324 34 .15 93 .76
Diffusion 70.4 73.0 71.5 80.1 2.5 42 28 56
Conc = .8 mM
Total 313.5 309.3 3074 336.8 72 47 40 26
Na*-dep 102.8 101.9 108.1 1223 52 24 53 49
Na™*-indep 69.9 61.3 56.3 543 51 .33 .62 .76
Diffusion 140.8 146.0 143.0 160.2 49 42 28 .56
Conc = 1.6 mM
Total 524.5 534.9 492.6 5704 11.0 94 .07 .15
Na*-dep 134.4 147.0 137.3 156.8 84 72 36 .84
Nat-indep 108.4 95.9 69.3 93.1 100 .31 .78 .38
Diffusion 281.7 292.0 286.0 320.5 99 42 28 .55
Conc=3.2mM
Total 975.2 961.6 8543 9785 260 .33 30 21
Na*-dep 87.5 164.0 151.9 190.0 129 .86 .78 .26
Na*-indep 2244 213.6 130.3 147.6 207 .07 94 .74
Diffusion 563.3 584.0 572.1 6409 19.8 .42 28 .56
Conc = 6.4 mM
Total 1,502.0 1,618.4 1.468.0 1,715.1 38,5 .70 .03 41
Na*-dep 88.6 161.0 169.9 2365 13.1 .08 .02 .93
Na™-indep 286.8 289.4 154.1 1969 242 .04 .65 .69
Diffusion 1,126.5 1,168.0 1,144.1 1,281.5 39.6 .42 28 .56

aExpressed as pmoles/mg protein/sec.

bprobability that a diet difference this large or larger could have occurred by chance.

CProbability that a site difference this large or larger could have occurred by chance.

dprobability that a diet*site interaction this large or larger could have occurred by chance.
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Appendix Table 21.  Relative contributions of the Na*-dependent, Na*-
independent. and diffusion systems to total uptake of methionine by
Jejunal and ileal BBMV of lambs fed an Aspergillus product?
Diet
Control Aspergillus
System Jejunum Ileum Jejunum lleum SE pb pc pd
Conc=.1l mM
Na't-dep 48.3 45.6 47.6 514 1.4 36 .84 25
Na*-indep 24.4 23.6 19.5 168 1.5 .07 .58 .76
Diffusion 274 30.8 329 31.8 9 10 .53 22
Conc =.2 mM
Na™-dep 45.6 44 43.1 47.1 1.7 1.00 .66 .46
Na*-indep 225 21 19.7 162 1.6 26 47 .74
Diffusion 32.0 343 37.2 367 1.0 .07 .64 .49
Conc=.4 mM
Nat-dep 8.3 37.8 40.8 435 12 .12 .66 .54
Na%t-indep 227 225 17.2 159 1.8 A1 .84 .88
Diffusion 9.1 397 419 406 12 A3 87 .68
Conc =.8§ mM
Nat-dep 325 32.1 35.0 35,1 14 33 .95 94
Na*-indep 222 19.0 17.0 159 1.6 20 50 .74
Diffusion 453 489 48.0 49.0 1.2 56 33 .59
Conc = 1.6 mM
Na*t-dep 25.5 27.0 27.8 274 13 .62 .84 .71
Na%t-indep 21.1 17.1 13.8 162 1.8 .83 28 .39
Diffusion 53.4 559 58.4 564 1.5 39 93 49
Conc =32 mM
Na*t-dep 18.9 17.2 17.8 189 1.0 90 .88 .50
Na*-indep 223 214 15.0 15.1 1.8 .08 .89 .88
Diffusion 58.6 614 67.2 66.0 2.0 A3 84 .63
Conc =6.4 mM
Na™-dep 59 9.9 11.6 13.5 i 003 .04 44
Nat-indep 19.8 18.0 10.3 115 1.6 .02 93 .64
Diffusion 72.1 78.2 75.0 852 1.8 34 45 90

3Percentage basis
bProbability that a diet difference this large or larger could have occurred by chance.
CProbability that a site difference this large or larger could have occurred by chance.

dprobability that a diet*site interaction this large or larger could have occurred by chance.
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Appendix Table 22.

Glucose uptake by isoiated jejunal and ileal BBMV from lambs fed an

Aspergillus product?.
Diet
Control Aspergillus
System Jejunum [leum Jejunum lleam SE pb pc pd
Conc =.075 mM
Total 127.5 46.9 87.2 413 53 .05 .0001.12
Naf-dep 105.6 27.8 68.9 233 46 .05 .0001.11
Na™-indep 15.5 14.4 12.6 136 1.0 36 99 .58
Diffusion 6.4 4.8 5.7 44 4 55 .11 87
Conc=.15 mM
Total 1823 67.2 126.8 628 7.8 .08 .0001.13
Na*-dep 143.9 35.6 94.4 333 72 .09 .0001.12
Na%-indep 25.6 22.1 20.9 208 19 44 63 67
Diffusion 12.8 9.5 11.5 88 9 55 .11 87
Conc =.3 mM
Total 2374 103.3 178.0 10t3 .6 .16 .0001.18
Na*-dep 163.9 45.6 1202 460 9.0 .25 .0001 .24
Na*-indep 479 38.6 349 37.7 29 26 .59 .32
Diffusion 25.6 19.1 229 176 1.7 .55 .11 .87
Conc =.6 mM
Total 3273 165.6 233.1 157.8 123 .06 .0002.10
Na*dep 195.9 53.7 112.9 55.1 9.8 .06 .0002.05
Na‘-indep 80.2 73.8 74.4 675 57 61 57 99
Diffusion 51.2 38.1 458 351 34 55 .11 .87
Conc =12 mM
Total 4539 273.4 336.7 2447 15.1 .03 .0004.17
Na%t-dep 197.4 61.9 107.5 48.8 34.7 .02 .0001 .06
Nat-indep 154.1 1352 137.6 1256 109 56 49 .88
Diffusion 102.4 76.2 91.7 703 69 55 .11 .87
Conc =24 mM
Total 661.2 456.3 5323 440.1 235 .15 .007 25
Na‘t-dep 159.2 60.0 108.6 656 126 39 .02 .28
Na*-indep 297.1 2437 2404 2340 189 40 44 55
Diffusion 2049 152.6 183.3 1405 13.7 .55 .11 .87
Conc =4.8 mM
Total 1,063.9 719.9 853.2 8116 417 49 .04 .09
Nat-dep 1923 76.9 123.8 650 178 28 .03 .44
Na*-indep 461.8 3378 362.8 4655 425 .87 91 21
Diffusion 409.8 305.2 366.6 281.1 274 55 .11 .87
Conc =9.6 mM
Total 1,643.9 1,308.3 1,435.8 1,3089 66.6 .49 .04 .11
Na*dep 2125 66.3 178.3 744 17.3 .71 .003 .55
Na*-indep 611.8 631.7 524.2 6723 648 .86 53 47
Diffusion 819.5 6103 733.2 5622 542 55 .10 .95

IExpressed as pmoles/mg protein/sec.

bProbability that a diet difference this large or larger could have occurred by chance.

CProbability that a site difference this large or larger could have occurred by chance.
dprobabilitv that a diet*site interaction this large or larger could have occurred by chance.



Appendix Table 23.  Relative contributions of Na*-dependent, Na*-independent, and
diffusion systems to total uptake of glucose by jejunal and ileal BBMV
of lambs fed an Aspergillus product?.

Diet
Control Aspergillus
System Jejunum fleum Jejunum [leum SE pb pc pd
Conc = .075 mM

Na*-dep 82.4 55.6 78.9 51.0 24 41 .0002 .92

Na*-indep 33.0 14.4 361 1.7 47 .0002 .89

Diffusion 5.3 11.5 6.7 129 1.2 .58 .03 99

Conc =.15 mM

Na%t-dep 77.7 495 733 469 2.7 .55 .0002 .90

Nat-indep 14.7 34.7 17.3 359 23 .69 .0008 .89

Diffusion 7.6 15.6 9.1 172 1.7 .67 03 98

Conc =.3 mM

Na*-dep 67.6 422 67.1 39.7 26 .77 .0002 .85

Nat-indep 21.1 38.7 20.0 39.7 2.1 .97 .0004 .76

Diffusion 11.3 15.9 13.0 20.6 73 .06 94

Conc =.6 mM

Na't-dep 58.7 31.0 48.0 328 2.6 .40 .007 .24

Na*-indep 25.0 45.0 324 430 23 .56 .005 .23

Diffusion 16.3 24.0 19.6 241 22 g1 .19 73

Conc =12 mM

Nat-dep 42.6 22.0 313 199 1.9 A1 001 .26

Na*-indep 340 49.7 41.6 500 2.7 48 05 52

Diffusion 233 283 27.1 30.1 24 57 42 84

Conc =2.4 mM

Na*-dep 23.2 12.8 19.8 160 20 99 .10 .43

Na™-indep 45.4 54.1 452 506 28 .75 23 .78

Diffusion 31.4 33.2 35.0 335 28 .73 98 .77

Conc = 4.8 mM

Na*-dep 179 10.6 13.8 88 1.7 40 09 .74

Na*-indep 29 46.3 429 539 37 62 34 .62

Diffusion 39.2 43.1 433 373 3 91 88 .48

Conc =9.6 mM

Na*-dep 13.1 5.2 12.8 58 1.2 .96 .008 .92

Na*-indep 36.3 48.3 36.2 47.7 36 99 .13 84

Diffusion 50.6 46.6 51.0 465 3.8 1.00 .60 .83

3Percentage basis

bProbabi]ity that a diet difference this large or larger could have occurred by chance.

CProbability that a site difference this large or larger could have occurred by chance.
dProbability that a diet*site interaction this large or larger could have occurred by chance.
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VITA

Insurk Jang, son of Jachae Jang and Haesoon Jung, was born on July 22,
1962 in Taegue, Korea. He graduated Tae Ryun high school in February 1981.
Insurk continued his education at the Department Animal Science at the Yeung
Nam University in Korea. He received a Master's Degree in Animal Science
majoring in Animal Nutrition. He then had military service for 6 months as a
second lieutenant, called Master's officer. He moved to the United States of
America and began studies leading to Ph.D. degree in the College of Agriculture
and Life Sciences at Virginia Polytechnic Institute and State University,
Blacksburg VA in 1989. He completed the requirements for the Doctor of
Philosophy Degree in Animal Science in October, 1993.

Insurk Jang is a member of the American Society of Animal Science and the
Korean Society of Animal Science.
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