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The cleavage of the human erythrocyte hexose transporter by the proteinases trypsin and thermolysin has 
been studied. When red cell membranes are treated with trypsin, washed and then photolabelled with 
cytochalasin B, a labelled peak at 18 kDa is obtained. This labelling of the cleaved transporter is D-ghlCOSe 
inhibitable. This probably indicates that the residual 36 kDa portion of the transporter is not required for 
binding of iigands. Extensive cleavage of the transporter with low concentrations of thermolysin only occurs 
when transporter is prelabelled with cytochalasin B. This indicates that covalently bound cytochalasin B can 
cause a eonformational change which exposes the thermolysin cleavage site. 

It ~S now clear that erythrocyte band 4 5 is the 
hexose transporter Tlus protein can be recon- 
sututed into vesicles wluch show hexose transport 
[1-3] Band 4 5 brads cytochalasm B [4] and pho- 
tolabelhng studies with cytochalasm B [5-7] and 
with the azadosahcylate denvatwe of bts(mannose) 
ASA-BMPA [8] have identified tlus protein as the 
hexose transporter Mueckler et al [9] have ob- 
tained the c DNA and corresponding anuno-acld 
sequence for the transporter and the locations of 
the hgand binding sites at external and internal 
surfaces of the transporter have been assigned 
[10] The outside binding site is near tryptophan 
363 wlule the msMe binding site is near tryptophan 
388 These tryptophan residues are probably re- 
sponsible for the observed fluorescence quenclung 
reduced by the binding of hgands to the trans- 

Abbrewatlon ASA-BMPA, 2-N-(4-azldosahcoyl)-l,3-bls(D- 
mannos-4 '-yloxy)propylanune 
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porter [26,27] A hydrogen bonding transport 
channel has been revealed by proton exchange 
mvestlgauons on punfied band 4 5 [23] Minor 
perturbations of the transporter can occur via 
interactions in Band 3 [12,13,24] 

Cleavage of the transporter by proteinases oc- 
curs mamly at the cytosohc surface [14-17] Pro- 
teolysls of the transporter has been studted by 
several groups m order to estabhsh the onentauon 
of the transporter m reconstituted hexose trans- 
porter preparalaons Extensive trypsin digestion ~s 
known to abohsh transport acuwty [16,17] and 
cytochalasm B binding [15] m reconstituted hexose 
transporter preparations and thus the suscepubd- 
~ty to trypsin action can indicate whether the 
reconstituted preparation is randomly orientated 
[17] or mainly nght-side out [16] 

Dezael and Rothstem [18], Khp et al [25], 
Shanahan and D'Artel-Elhs [19] and Calms et al 
[7] have shown that when the human erythrocyte 
hexose transporter is covalently labelled with cyto- 
chalasm B and subjected to trypsin dlgesUon then 
a 18 kDa labelled fragment is produced Most of 
these studies (including the experiments on pro- 

0005-2736/87/$03 50 © 1987 Elsexaer Soence Pubhshers B V (Bxomedlcal Dxxasxon) 



403 

temase lrdubltlon of transport function) have used 
high protelnase concentrattons In contrast, how- 
ever, Catrns et al [7] showed that mild trypsin 
digestion of over 75% of the punfled transporter 
resulted m only a 50% loss of cytochalasm B 
binding activity Scatchard analysis showed that 
the number of binding sites for cytochalasln B was 
unchanged but that the cytochalasm B equxhbnum 
binding constant increased by about 50%. 

We describe m tlus paper experiments using 
nuld trypsin and thermolysm treatment to cleave 
the transporter prior to photoactlvated labelhng 
w~th cytochalasln B In the case of trypsin we 
wished to ascertain whether hgand binding could 
occur after cleavage We have recently shown [10] 
that the core of the transporter comprising the 
outside and reside hgand binding sites plus a 
possible transmembrane channel are located within 
the C-terrmnal half of the protein (hydrophobic 
spans H7-H10 as defined by Mueckler et al [9]) 
Since tlus region is encompassed wltlun the 18 
kDa trypsin fragment [11] it seemed possible that 
this fragment would be fully functional 

Erythrocytes from 1-3-week-old transfusmn 
blood were lysed m 5 mM sodium phosphate (pH 
7 8) con*mmng 1 mM EDTA and 1 #g /ml  PMSF 
In the thermolysm experiments EDTA was 
ormtted 300 #g of isolated membranes were resus- 
pended in 300 #1 of 5 mM sodium phosphate (pH 
7 2) m the presence of 10 -4 M cytochalasm E plus 
1 6 #CI of cytochalasm B (15 5 C1/mmol) Mem- 
branes were trradmted for 30 s m a Rayonet 
Photochermcal Reactor (RPR 3000 lamps) m 1-mm 
pathlength cuvettes The cuvettes were covered 
with a 10-mm pathlength filter contalmng 1% 
cumene m 2,2,4-trlmethylpentane Following 
~rradlatlon the membranes were washed twice in 
35 ml of 5 mM sodmm phosphate (pH 7 2) and 
then resuspended at 1 mg/ml for protemase treat- 
ment or sohiblhsed for electrophoresls 

Electrophores~s was carried out using a modlfi- 
catmn of the method of Hashimoto et al [20] 
using the discontinuous buffer system of Laemmh 
[21] as prevaously descnbed [10] The main modifi- 
cation was the use of a gradient of acrylamlde 
(10-15%) and of blsacrylanude (0 5-1 5%) This 
gave a crosshnklng gradient that resolved and 
retained small peptldes but at the same time 
allowed high-molecular-weight proteins to enter 

the gel Molecular weight standards were galac- 
tosldase (116 kDa), bovme albumin (66 kDa), 
ovalburnm (45 kDa), carbomc anhydrase (29 kDa), 
soybean trypsin inhibitor (21 kDa), lysozyme (14 
kDa), aprotlnm (6 6 kDa) and insulin (3 4 kDa) 
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Fig 1 Trypsin cleavage of the hexose transporter (a) before 
and (b) after labelling with cytochalasm B (a) Membranes 
were treated with 100 urms/ml  of trypsin for 30 man at 20 ° C 
After washing, the membranes were labelled wath cytochalasm 
B in the presence (A) or in the absence of 150 mM D-glucose 
(O) (b) Membranes were labelled with cytochalasm B, washed 
and then treated wtth 100 umt s / ml  of trypsin for 30 nun at 

2 0 ° C  
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Fig lb  shows a typical pattern of t rypsm clea- 
vage of the cytochalasm B labelled transporter A 
18 kDa  peak ~s produced In the same experiment 
membranes were firstly cleaved with trypsin (100 
u m t s / m l  for 30 nun at room temperature) and 
then labelled with cytochalasm B in the presence 
or m the absence of 150 mM D-glucose (Fig la)  
The fragment labelled m tins way has exactly the 
same moblhty as the fragment that ~s produced by 
prelabelhng with cytochalasin B and then trypsin 
d~gestIng As well as being able to bmd  cytochala- 
sm B the fragment must also be able to bind 
D-glucose as tlus displaces the cytochalasln B from 
the 18 kDa fragment Tlus result suggests that the 
restdual por tmn of the transporter ~s not reqmred 
for binding of hgands 

An alternattve explanation for our result show- 
lng hgand bindmg after proteolysis could be that 
proteolysls wtth trypsin merely ' rocks '  the trans- 
porter  and that the 18 kDa  and 36 kDa portions 
are held together as a functional untt and m their 
normal conformation dunng the hgand binding 
and labelhng 

Figs 2a, b show a comparison of the thermo- 
lysm effect on the cytochalasm B labelled trans- 
porter  with the photolabelhng of thermolysln pre- 
treated membranes The prelabellmg with cyto- 
chalasm B gives a large acceleration of the thermo- 
lysln cleavage and tins is consistent wtth there 
being a large conformatmnal  change when cyto- 
chalasin B is covalently attached Kurokawa et al 
[22] have observed that cytochalasm B photoaffin- 
ity labeled hexose transporter elutes from a DEAE 
column much more slowly than the unhganded 
transporter They attributed tins to an unfoldmg 
of an amomc domain upon crosshnkmg to cyto- 
chalasin B It may be that the same conforma- 
ttonal change increases the exposure of the ther- 
molysin-sensluve site When the hexose trans- 
porter  ts labelled at tts exofacml site with ASA- 
BMPA there ~s no stgmficant dlgestton by thermo- 
lysin Thts is consistent wath exofacml hgands 
causing a conformatmnal  change whach reduces 
the exposure of the cytosohc thermolysin cleavage 
site [10] 

In conclusion, the present results support  our 
suggestions for the locatmns of the external and 
internal binding sites on the hexose transporter In 
addttion they suggest that the C-ternunal half of 
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Ftg 2 Comparison of thermolysm &gesUon of the hexose 
transporter (a) before and (b) after labelling with cytochalasm 
B (a) Membranes were treated voth 0 4 umts/rrd of thermo- 
lysm for 30 nun at 20 °C After waslung, the membranes were 
labelled voth cytochalasm B Labelling reveals that most of the 
transporter ts not &gested vath thermolysm (b) Membranes 
were labelled wRh cytochalasm B, washed and then treated 

w~th 0 4 umts/ml of thermolysm for 30 wan at 20 o C 

the protem wluch encompasses these sRes ts fully 
functional m hgand binding and m an associated 
conformaUonal change Studms using maid pro- 
temase treatment of the transporter m the pres- 
ence of noncovalently bound hgands may reveal 
further detads of  hexose transport mechamsm 
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