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G pro tein-cou pled re cep tors (GPCRs) con sti tute the larg est 
mem brane pro tein fam ily in the hu man ge nome, me di at ing
over 80% hu man cell sig nal ing. Dysregulation of GPCRs
could lead to nu mer ous hu man dis eases, in clud ing can cer,
im mune dis eases, di a be tes, neurodegeneration, car dio vas -
cu lar dis or der, and so on. Struc tural de ter mi na tion of the
re cep tor in com plex with its na tive or syn thetic lig ands is
the key to un der stand the ligand rec og ni tion and sig nal ing
mech a nism for GPCRs, and to guide ra tio nal drug de sign.
Yet, de spite their im por tance as ther a peu tic tar gets, de -
tailed mo lec u lar struc tures of only 30 GPCRs have been
de ter mined to date. One of the key chal lenges to their struc -
ture de ter mi na tion is ad e quate pro tein ex pres sion. On the
other hand, re cent GPCR struc ture–func tion break throughs 
have all re quired ligand sta bi li za tion of the re cep tor in
some man ner, high light ing the nat u ral in sta bil ity of

GPCRs. Here we re port the quan ti fi ca tion of pro tein ex -
pres sion for all 826 hu man GPCRs us ing two dif fer ent fu -
sion con struct sets. Anal y sis of these data can be used to
iden tify trends re lated to GPCR ex pres sion be tween dif fer -
ent fu sion frames and be tween dif fer ent GPCR fam i lies,
and to pri or i tize lead can di dates for fu ture struc ture de ter -
mi na tion fea si bil ity. We also ini ti ated a new era of dis cov -
ery that high lights the im por tance of ligand–re cep tor
in ter ac tions be yond the tra di tional mindset. We pro pose
that re cep tor sta bil ity is re lated to re cep tor fold ing and res i -
dence in the cell mem brane, af ford ing a new di men sion
that should be considered when studying receptor function. 
Combining the new advances in receptor expression and
ligand stabilization, we show some successful case studies
at the end.
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Hu man glu cose trans port (hGLUT1) be longs to a fam ily of
ho mol o gous sugar trans port ers or co-trans port ers found in
both prokaryotes and eukaryotes [1]. It is a uniporter that
trans ports glu cose from the extracellular ma trix into cells
[2]. Can cer ous cells have an acutely in creased de mand for
en ergy lead ing to in creased lev els of hGLUT1 [3]. This
high lights hGLUT1 as an im por tant prog nos tic in di ca tor in 
sev eral can cer types [4, 5], as well as a po ten tial new tar get
for ther a peu tic in hib i tors. Here we pres ent in hib i tor-bound
in ward-open struc tures of wild-type hGLUT1 crys tal lized
with three dif fer ent in hib i tors: cytochalasin B, a nine-
 membered bicyclic ring fused to a 14-membered macro -
cycle, which has been de scribed ex ten sively in the lit er a -
ture of hGLUTs [6] and two novel phenylalanine am ide
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Fig ure 1. Over lap ping in hib i tor-bind ing sites in hGLUT1.



de rived in hib i tors. De spite very dif fer ent chem i cal back -
bones, all three com pounds bind in the cen tral cav ity of the
in ward-open state of hGLUT1 and all bind ing sites over lap
the glu cose-bind ing site (Fig ure 1). The in hib i tory ac tion
of the com pounds was de ter mined for hGLUT fam ily
mem bers, hGLUT1-4, us ing cell-based as says, and com -
pared to homology mod els for these hGLUT mem bers.
This un cov ered a prob a ble ba sis for the ob served dif fer -
ences in in hi bi tion be tween fam ily mem bers.

We pin point re gions of the hGLUT pro teins that can be
tar geted to achieve isoform se lec tiv ity, and show that these
same re gions are used for in hib i tors with very dis tinct
struc tural back bones. These struc tures pro vide an im por -
tant struc tural in sight for the de sign of more se lec tive in -
hib i tors for hGLUTs and hGLUT1 in par tic u lar. Thus our
re sults em pha size that mod u la tion of glu cose im port by
hGLUTs should fo cus on mak ing good in ter ac tion points

for com pounds and that the ac tual chem i cal back bone of
the in hib i tor is of less im por tance.
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ST50, an outer-mem brane com po nent of the multi-drug
efflux sys tem from Sal mo nella enterica serovar Typhi, is
an oblig a tory di ag nos tic an ti gen for ty phoid fe ver. ST50 is
an ex cel lent and unique di ag nos tic an ti gen with 95% spec i -
fic ity and 90% sen si tiv ity and is used in the com mer cial di -
ag no sis test kit (TYPHIDOTTM). The crys tal struc ture of
ST50 at a res o lu tion of 2.98 C  re veals a trimer that forms

an a-he li cal tun nel and a b-bar rel transmembrane chan nel
tra vers ing the periplasmic space and outer mem brane.
Struc tural in ves ti ga tions sug gest sig nif i cant confor -
mational vari a tions in the extracellular loop re gions, es pe -
cially extracellular loop 2. This is the lo ca tion of the most
plau si ble an ti body-bind ing do main that could be used to
tar get the de sign of new an ti genic epitopes for the de vel op -

ment of better di ag nos tics or drugs for the treat ment of ty -

phoid fe ver. A mol e cule of the de ter gent n-octyl-b- D-
glucoside is ob served in the D-cage, which com prises three 
sets of Asp361 and Asp371 res i dues at the periplasmic en -
trance. These struc tural in sights sug gest a pos si ble sub -
strate trans port mech a nism in which the sub strate first
binds at the periplasmic en trance of ST50 and sub se -
quently, via iris-like struc tural move ments to open the
periplasmic end, pen e trates the periplasmic do main for
efflux pump ing of mol e cules, in clud ing poi son ous me tab o -
lites or xenobiotics, for ex cre tion out side the patho gen. The 
ra tio nal de signs and strat e gies of pu ri fi ca tion and crys tal li -
za tion of mem brane pro tein ST50 for the struc tural study
will be pre sented and dis cussed.
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Fig ure 1. The sin gle crys tal of ST50 was il lu mi nated un der the
white light (left) and the UV light (right).

Fig ure 2. The struc ture of ST50 is viewed from the side (left), top
(up per right) and bot tom (bot tom right)
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Ran dom Microseed Ma trix-Screen ing (rMMS), where
seed crys tals are added au to mat i cally to ran dom crys tal li -
za tion screens, is a sig nif i cant re cent break through in pro -
tein crys tal li za tion [1].  Dur ing the eight years since the
method was pub lished, the o ret i cal un der stand ing of the
method has in creased [2 - 4], and sev eral im por tant prac ti -
cal vari a tions of the ba sic method have emerged [5, 6].  We
will briefly de scribe some of these vari a tions, in clud ing
cross-seed ing, and in tro duce a novel method of mak ing
LCP seed stocks by scal ing up LCP crys tal li za tion con di -
tions.  We will also de scribe a method of gen er at ing seed
gra di ents across a plate so that the num ber of crys tals in
each LCP bolus can be var ied, with a prac ti cal ex am ple. 
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