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1. Introduction

Considerable advances have been made in the last
few years concerning the mechanisin of membrance
transport at the phenomenological level, but an under-
standing of this mechanism in molecular terms is still
lacking. Substrate binding protecins have been isulated
fram bacteria ond attempts have been made to demon-
strate their role in the inltal (recognition) step of
tsonsport, but with limited success [1]. Similar attempts
have been made using tissues from mammals, particu-
lurly the sinall Intestine, from which particles have
been purified that, it is claimed, specifically bind
D-glucose (for review see {2]). This binding has been
{dentifled as representing cither the initial swep in

-
sugar transport |3] or *“a different property of the
intestine ™, nevertheless related somehow to the sugar
transport mechanism [4]. The present paper deals with
the su-cailed D-glucose-binding capabilities of guinea
pig small istestinal brush borders and fractions therc.
af, and specifically refers to the possibility that the
methods thus far used in thee - studies do not ascertain
how much of the “*bhinding™ actualty represents glucose
metabolism by bacteria contaminating cither the
extracts of some of the reagents used to study it. A
prellininary account of this work has appeared [5].

2, Methods and materials

The entire jejunn and ileum of non-fusted guinea
pigs killed by a blow on the head was remaved, everted,
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cut into 2—5 cm picces, washed in 0.2% K1 far 3 min
and then with saline for 10 min with the aid of a
magnetic stirrer. After this preliminary washing, brush
bardets were extracted by stirring the tissues for 1 hr
al room temp. in 5 mM EDT'A pH 7.2, containing

500 mg/? ampicillin. Under these conditions, 80 o
10022 of the total content of suctose (used here asa
marker for brush border material) was extracted in a
form that could be sedimented, together with byush
borders recognizable by light and electron microscopy,
at lowsspeed centrifugation (about 1 Q00 g X 10 min).
After washing three times by resuspension in EDTA
and recentrifugation. the brush borders were frag-
mented by homogenization in a Waring blendey (3 min at
top speed); ¥ mi of the resulting preparation were
placed on top of 4 26-ml discontinuous Ficoll gradient
(40%. 4 ml: 35%, 4 m}; 3066, 3 ml; 20%, 3 ml; 15%, 3 mi:
10%, 5 ml; and 5%, 4 ml; the Ficoll was dissolved in a
mixture of 5 mM EDTA and 23 mM sodivm phosphate.
pH 7.2) and centrifuged for | hr at 25 000 rpam (about
80 000 g at the midpoint ol the tubes, rotor SW 30 of
the Beckman L3-50 ultracentirifuge).

After centrifugatios. 12 to 14 fractions were
separated by aspiration, the Ficoll was removed by
sedimentation ol particulate material as 25 000 rpm X
60 min and resuspension in fresh buffer or 3 mM
EDTA, and the final suspension was analyzed for
protein [6), phospholipid [7]. total ¢ “ohydrate [8],
sucrase [9] and D-glucose binding (see later). The
{ractions were also studied by clectron microscopy®

* Thanks are due o Dr. . Gonzilez-Aguslar ot this Repartiment
and W Miss Ulla Jartors tor their hely i making these electzon
mivrographs. : 115
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(the results of which will be published clsewhers).
Bacteria did not appear to ¢-mtaminate any of these
preparations to zny significant extent, slthouglh
bacterial forms could occasicaally be observed. [t -
should be mentioned that bacterial contamination of”
cur materiad as revealad by colony counting in agar)
was considerable before introducing ampicillin in the
brush border extraction procedure. Alse, contamina-
tion of the brush borders with eges from parasites was
initially observed: to avoid this. we now always wash
the tissue in 0.2% KI for at least 5§ min prior to the .
[0-min washing of the tissues in saline (see above).

Evahition of CO5 from {1#C]glucose was determined

by incubating the appropriate membraae fraction in a
stoppered Warburg flask for 2 hr at 37°, with shaking.
The reaction was stopped by mixing with 0.1 m! of

4 N HC1 located in the side arm, and shaking continued
for 2 more hr. CO, absorbed into 2 KOH-impregnated
piece of filter paper, located in the inner well, was
determined nsing a mnodified Bray’s mixture {H0].
Transport was determined by the tissue-accumulation
method, as previously described |11].
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Fig. 1. Density-gradient fractionation of frazmented brush

borders. The points represent the mean of 10— 12 separate

experiments. The peaks correspond co the fractions (2, 5 and
9) mentioned in e text.
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Fig. 2. Typical pattern of sucrase and D-glucase “binding”
activities after density gradient fractionation of fragmented
brush borders. Binding resulis in arbitrary units.

3. Resnbts and discassion

As shown in fig. 1, thrze main sucrase peaks are
ubiained, which we call fractions 2.5 and 9. The peaks
shown refer to absoilute sucrase activity. if we refer to
the protein content of the fractions (specific activity).
the purest fraction is no. 8, lacated at the 10% Ficoll
layer, a fraction revealed by electron microscopy to
be composed of a very pure papulation of membrane
vesicles, presumably derived from the microvilli: it
ntight be considered equivalent to the fraction “C” of
Eichholz et al. {12, 13]. Our fraction 2, with a high
absolute amount of sucrase at low specific activity,
may o some extent correspond to the D™ fraction of
Eichhalz since it includes the heaviest components of
the original preparation. [t discloses unbroken brush
borders interspecrsed with other uncharacterized
material.

Using ihe above fractions, D-glecose binding was
studied by incubating aliquots in the presence of
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e . S . * Table
Erfect of sugars and ‘enelogues-on tite “binding™ of, and evoiution of CO; fromt, D glucose, by a preparation (fractien no. 2

see text) of fragmeated brush borders.
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‘ Qurc resglts' Binding results, literature
Inhiibitor
‘ . CUz i 4o th N Pazsons Eichhelz
produciian Bindu:g Faust et al- 3] [15% et al. {4]
Concentration . ‘ - - o
- 5.35 =3

(mM) 5 i 0 0.t 0.0s5
Glucose ' %6 100 100 ~ 100 99
Mannose a3 RBY - — 92 90
Z-ileoxyuiucose — - - - 75 93
Glucosamine 77 . 95 939 - 66 —

Xylose g0 T2 3.8 46.7 -
3-O-Methylglucose 75 87 45.5 91.7 18 23
Guactose 72 79 i.7 46.8 I8 32
Fractose 45 . 34 -- — 4 -
Galactesamine I3 41 (9.8) - — -
Mannitol 20 11 - — 6

Qur results are dircctly compared with those published by others (valy data on the inhibition of binding are availabile}. Al
results are expressed as per cent inhibitions, the reference (0% inhibition) being, a conirol incubated in paralfel. without added
agar or analogue. A figuse in pareathesis indiczies stimulation rather than inhibhion. A dash indicates sugur not tested. All in-

hibit::  :lonzed to the D-series.

Tabl 2
Fifect of Dglucose, D-galactoge, and their respective
2deoxy-2-amino detivatives on the transport of methyl-o-D-
mlucopyranoside by rings of guinea-pig small intestine. 12
wWirro.

i
Effector lnitial velocitv &ihf.i:e
(30 m\) nitsal velaciIy :;ml y
FF)
Mannitol 0.160 + 0.054 “ 100"
Glucosamine 0212 £ 0028 132.5
CGalactosamine 0.121 + 0.040 1194
Glucase G.015 ¢ {.003 9.4
Galactose 1.037 £ 0.012 a4

Incubations were for 5 min in oxygen aimosphere, al 377, tn

a mixture of 4.5 ini phosphate buffer containing 1 mM

M substrate and 0.5 ml of a 0.3 M solution of the indicated
cffectors. Results are expressed as initizl and relative velooties
\V = ymoles substrate accumulated per ml tissus water per
minute, corseciad for the extracelular spacel. To calculate |
he refative velocities, a control in presence of the inect poby-
aicohol, D-mannitol, was used. Figuzes are the nieans of B
delerminations £ S.5.

[14C1D-glucosz in a suitable buffer. After incubation,
the particlcs were sedimented by centrifugation at
25 000 rpm. Radioactive glucose that disappeared
from the supernatants was in princinle assimed to be
bound to the particles. As a reference, the levels of
tubes incubated under similar conditions, in the
presence of excess P 2C-D-glucose, were used. According
to this criterion, the binding activity of these gradients
was localized in discrete bands the most reproducibie
and quantitatively most important band coinciding
with fraction number 2 {see fig. 2). A second pesk of
binding that appears in the experiment of fig. 2 (around
fraction number &) was not very reproducible.

Using this technique, the binding properties of
fraction 2 were investigated and tound to be similar
to those described by others in brush border fractions
{2]. Fou iustance, 1he binding exhibited a K, on the
order of 10 gmolar and was inhibited by SH reagents
and sugar analogues, as will be shown fater. But when
the binding was studied by equilibrinm dialysts, it was
observed that [*3C]zglucose disappeared steadily:
further exploration indicated that 2 [arge proportion
but not all of the radioastivity could be recovered as
[14C]CO,. It became obvious 10 us that aur prepara-
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tions were contammated probably by bacteria, not

necessarily derived only from the intestine, but also per-

haps from the reagents used which, following common

,cblumn), X e-res
non pubhshegby thers. .

them guud hexukmase substrales ‘:but none of them
having any apprecmble affinity | for the: sugar carrier.
Although Faust et a1, [3).claim that D-glucasamine
is a powerful inhibitor of intestlnal sugar transport,
our results (table 2), in support of eartlier observations
[14], clearly demonstrate that neitner glucosamine nor
galactosamine has-any significant effect on sugar
transport. In his 1969 study,: Parsons [15} called atten-
tion to the sxrmlanty in specificity between the so-
called “binding™ activity of brush borders and the
enzyme, hexokinase, In the light of our observations,
it can be arpued that the “hinding™ reflects glicose
metabolism to CO5 and non-volatile products, the
rate-limiting step in the overall reaction being perhaps
at the Ievel of the microbial hexokinase, thus explain-
ing the hexokinase-like specificity of the “binding™.
Other workers [3, 4] claim that their preparations are
free Ivom hexokinase contamination. However, a very
small amoun: of bacterial contamination could also
explain their results, the hexokinase activity present
in such a small mass of bacteria being practically un-
detectable by ordinary methods. Nevertheless, it
should be considered that other factors are probably
also involved, as evidenced by the fact that both
galacmse and 3-0- mclhylglucose, both of them poor
hexokinase substrates I]G]., sxgniﬁcantly inhibit the
“binding™.

At this point, 3 techmcal comment, should be made.
In our binding studies, we only used radioactive
D-glucose, whereas other workers used a mixture of

D-glucose (Jabelled with cither 14C or H) and a
supposedly inert subsirate (labelled with either *H or
14C) such as D-mannose [3] or L-glucose {4]. They
express their results as a difference, apparently to dis-
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tially ‘metabolued lt seems regrcttabte tbat Faiist and
his ¢oilcagues havé apparently failed to test D-m:mnuu
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Fig. 3. Pattern of Dglucose “binding” and CO3z evolution in
tractions of a “blind™ Ficall gradlent (tun in the abrence of
added brush border materlal). The Fileoll was remaved as
described in Methods, after adding to cach fraction a consfan
amount of a heat«lenatured protein prepamtion as casrier,
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as'a competitor of their D-glucose “binding” (see table
1 in this paper).

“taking :_pecnﬂ precautmns I‘or stenluy, are typlcally
‘contaminated by bacteria. Ficoll gradients madé using
“this: ‘material, run and fractionated as described before,
:but to which no brush border material had been added,
gave 2 pattern of peaks of glucose “binding™ and CO,
production similar to those described above for brush
border material, that is, the bacteria in the Ficoll tend
to collect in discrete bands, the main one coinciding
with our fraction 2 (fig. 3).

Itz conclusion, aithough our experiments de not
prove that all prior studies of binding of glucose 10
trush border fractions can be explained in 1erms of
glucose metabolism by contaminating bacteria, the
inference is very strong. Use of non-metabolizable
substrates for this type of investipation is strongly
recomended.
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