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Fisiologia. — Metabolite transport by membrane vesicles isolated 
fro m  the m idgut o f Philosamia cynthia larvae <*>. N o ta  di G io r gio  
M. H a no zet , B arbara  G io r d a n a  e F ranca  V. S a c c h i , presen
t a ta  dal Corrisp. V. C a pr a r o .

R iassu n to . -— Sono state preparate vescicole di membrane dall’intestino medio di 
Philosamia cynthìa (Lepidotteri) allo stadio larvale, utilizzando una procedura semplificata 
recentemente messa a punto. Le vescicole sono state utilizzate per studiare il trasporto a livello 
della membrana di fenilalanina e glucosio, in presenza di gradienti di sali di Na e K. A dif
ferenza di quanto osservato con membrane di intestino di mammifero, il gradiente di K, oltre 
a quello di Na, permette un accumulo contro gradiente delPamminoacido, mentre il glucosio 
è poco permeabile attraverso la membrana sia in presenza di Na.che di K.

T he “ sodium  gradient hypothesis ” proposed by Crane [i, 2] is the most 
w idely accepted model for the absorption of glucose and am ino acids in ver
tebrate intestine: the N a electrochemical gradient across the mucosal border

Fig. I. -  Electron micrograph of negatively stained 
membrane vesicles from Philosamia cynthia midgut.

of the enterocyte provides the driv ing force for the “ uphill ” transport of 
these m etabolites. R ecently th is hypothesis received further support from  
experim ents perform ed w ith a subcellular system of isolated plasm a m em brane 
vesicles [3-5]. On the other hand the phytophagous larvae of Lepidoptera

(*) Lavoro eseguito nell’Istituto di Fisiologia Generale e di Chimica Biologica del
l’Università degli studi di Milano.

(■**) Neiia seduta del 12 maggio 1979.

30. — RENDICONTI 1979, vol. LXVI, fase. 5.
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have a very low N a concentration in the lumen content, intestine and hemo- 
lym ph and they  show a high K  concentration in the lum en [6, 7, 8].

In  the present work a preparation of m em brane vesicles from the m idgut 
of the silkworm Philosamia cynthia has been used to investigate the dependence 
of metabolites uptake upon N a and K  gradients.

Fig. 2. -  Uptake of Phenylalanine (Phe) and D-glucose (Glu) by membrane vesicles from 
Philosamia cynthia midgut. Phenylalanine (1 mM) uptake in the presence of an initial 
gradient (100 mM outside and o inside) of: KSCN(A), NaSCN (o), .KC1 ( A) , NaCl(A)- 
Phenylalanine (1 mM) uptake in the absence of any salt gradient (x).  D-glucose (1 mM) 
uptake in the presence of an initial gradient (100 mM outside and o inside) of KSCN (■) 
or NaSCN (□). The buffer was in all cases 10 mM HEPES-Tris pH 7.5, 100 mM 
D-mannitol. The bars indicate the SE. When not given, the SE were smaller than the

symbols used.

T he vesicles were prepared from m idguts of Philosamia cynthiai in their 
last larval instar. 1-2 gr of fresh midguts, deprived of the peritrophic m em brane 
and m alpighian tubules, were homogenized w ith a Potter Elvehjem  homo- 
genizer in 50 mM  m annitol and 2 mM  H E P E S  (N-2-hydroxyethylpiperazine- 
N '-ethanesulphonic acid)-Tris buffer, pH 7.1. The vesicles were then obtained
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according to Kessler et aL [4]. The pellets from the second and th ird  centri
fugation were resuspended in io o m M  m annitol, i o m M  H E PE S-T ris buffer, 
pH  7.5. The vesicles from rabb it small intestine were prepared following 
the same procedure from 5 gr fresh scraped mucosa homogenized in a W aring 
blendor at m axim um  speed for 2 m in. The uptake of m etabolites was deter
m ined incubating m em brane vesicles at room tem perature in a m ixture of 
the following composition: i o o m M  m annitol, 10 mM  H E PE S-T ris buffer, 
pH  7.5, I mM  labelled substrate, and salt gradients as indicated in the legends 
of the figures. A t selected times samples of 20 pi were w ithdraw n from  the 
incubation m ixture, diluted w ith 1.5 ml ice-cold 150 m M  NaCl -f- 1 mM  
H E PE S-T ris (stop solution), filtered through a Sartorius filter (SM 11.305, 
0.6 pm pore size) and rap id ly  rinsed w ith 10 ml ice-cold stop solution. R a
dioactivity  readings were then perform ed by means of a liquid scintillation

Philosamia c midgut

Fig. 3. -  Phenylalanine (Phe) uptake by membrane vescicles from Philosamia cynthia 
midgut. Phenylalanine (I mM) uptake in the presence of an initial gradient (100 mM outside 
and o inside) of KC1 (# )  and Choline Cl (o). Phenylalanine (1 mM) uptake in the absence 
of K gradient: (A) KC1 (ioomM outside and ioomM inside). For this purpose the vesicles 
were preequilibrated for 30 min in ioomM KC1. The buffer was inali cases 10 mM 
HEPES-Tris pH 7.5, 100 mM D-mannitol. The bars indicate the SE. When not given, 

the SE were smaller than the symbols used.
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spectrom eter (Tri-Carb Packard 3003 series). The radiochemicals, D -(U -14C) 
glucose, L - (U -14C) phenylalanine and D - ( i - sH )-3- 0 -methylglucose, were 
purchased from  A m ersham  Radiochemical Centre. For electron microscopy, 
a negative staining procedure was used: the vesicles (diluted to about 1 mg 
protein/m l) were directly stained w ith 1 % uranyl acetate for 30 s. Protein 
determ ination was carried out according to Lowry et al. [9].

Fig. 4. -  Effect of medium osmolarity on phenylalanine uptake by membrane vesicles from 
Philosamia cynthia midgut. The vesicles were prepared in roo mM D-mannitol, io mM 
HEPES-Tris, pH 7.5 and were incubated for 60 min in a medium of the following com
position: iomM  HEPES-Tris, pH 7.5, 0.5 mM phenylalanine, 20 mM KSCN and varying

concentrations of D-mannitol.

A  m icrograph or the vesicles obtained from the m idgut of Philosamia 
cynthia can be seen in Fig. 1: the vesicular size and shape are not very dif
ferent from those previously observed in preparations from m am m alian 
intestine [4, 10]. L -phenylalanine uptake by these vesicles is K  sensitive 
(Fig. 2). A  concentrati ve transport of phenylalanine in the presence of both 
sodium  and potassium  salt gradient is apparent: however the “ overshoot ” 
is m uch more rem arkable when a KSCN concentration gradient is provided. 
SCN” ion is more permeable than  chloride across the plasm a m em branes and
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so it causes a higher polarization, inside negative, across the m em brane vesicle 
[4, 5]. This result supports the hypothesis of a m em brane electrical potential 
involvem ent in phenylalanine uptake. W ithout a salt concentration gradient 
no accum ulation takes place, the uptake being only equilibrative.

It can be observed tha t when equilibrium  is attained, the same uptake 
values are reached, w hatever the in itial condition. On the contrary D-glu- 
cose uptake is extrem ely low and even after 1 hour of incubation it does not 
atta in  the phenylalanine value at equilibrium . W ith choline chloride initial 
gradient or in the presence of K + but in the absence of K + gradient, no transient 
accum ulation of phenylalanine takes place (Fig. 3). The am ount of phenyla
lanine uptake at equilibrium  is in inverse proportion to the osm olarity of the 
m edium  (Fig. 4): extrapolation to infinite m edium  osm olarity shows a very 
small binding value (about 10%  of the equilibrium  uptake). Therefore the

Rabbit small intestine

Fig. 5. -  Uptake of phenylalanine (Phe) and 3-(9-methylglucose (Mglu) by brush border 
membrane vesicles from rabbit small intestine. Phenylalanine (imM) uptake in the pre
sence of an initial gradient (100 mM outside and o inside) of NaSCN ( •  ), and of KSCN (o). 
3-0-methylglucose (1 mM) uptake in the presence of an initial gradient (100 mM outside 
and o inside) of NaSCN (■ ) , and of KSCN (□).  The buffer was in all cases 10 mM 
HEPES-Tris pH 7.5, 100 mM D-mannitol. The bars indicate the SE. When not given, 

the SE were smaller than the symbols used.
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observed uptake of phenylalanine could be accounted for almost completely 
by a transport into an osmotically active space.

By com parison in Fig. 5 the uptake of phenylalanine and 3—(9—methyl- 
glucose by brush border m em brane vesicles obtained w ith the same procedure 
from rabb it small intestine is shown. The uptake of both compounds shows 
an “ overshoot ” in the presence of an initial gradient of NaSCN, whereas 
with KSCN only a simple equilibrati ve transport can be observed. It is worth 
note th a t the uptake of 3-(9-m ethylglucose is very sim ilar to th a t reported for 
D-glucose uptake for the same tissue [4].

These experim ents suggest that, unlike in m am m alian intestine, in Philo- 
samia cynthia m idgut, whose lum inal environm ent contains K  as the m ain 
cation, the driv ing force for the absorption of am ino acids could be provided 
by  a K  electrochemical gradient.
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