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An endogenous Zn?* binding site has been described recently for human
dopamine transporter (hDAT)L This high affinity Zn2* binding site
comprises residues '°3His (in the second extracellular loop), 37°His (at the
top of TM7) and 3%Glu (at the top of TM8)2. Zn2%*, in micromolar . i : Flexible loop
concentrations acts as a potent noncompetitive blocker of dopamine uptake EXPLORING His 375 to i+5: flexible loop after 375His
upon binding to this site. An engineered Zn binding site? indicates that . . .
E400C at the top of TMS8 is able to coordinate Zn together with 375His, in Tig SEQUENCE Auialysls uiis dha_sttwofreglons W':.h hel_:_chal
the absence of °%His, and 3°Glu. Based on the structural information E:r:gnlzlon); gisincoﬁzz{gSelsorlOS tg
contained in Zn binding sites, we build a model of the relative orientation 40gS breakspthe gelical e
between TM7/TM8 and describe new experiments performed in order to f th ti ptt 3:1/ =
probe the secondary structure of the regions involved. We provide a 3 etconserva LI p% ernl_an 1 i r/ ¥
mechanistic explanation at the molecular level, for the transport inhibition Z{esepno:itiggg_coz(s)irveandproz;g?ss | : ® “

TEYE GIEEITS U 2 (e indicating a disruption in the
helical character at this level.

Conservation

V377H, P378H and 1379H can substitute H193 in the
STRUCTURAL CONSTRAINTS FOR Zn BINDING SITES coordination of Zinc, indicating the flexibility of this
region.

Zn(30) 452 3d10 ZnZ*: 450 3d10 28; LLLGGGGAAAALLININIVVVVLLLLLLLLFFLLL -

sp? hybridization: 4 empty sp3® TTITTTTTT TTTQQQQQPPPPP . FUNTIONAL IMPLICATIONS

f?éﬂ?\?[t)sb'oEl?stgzu?:s;hg;sn;%lpled eleetron pairin ", 7O or TSt ;r?;llilstigsigeogrsefiqigigges:ggrqzjn:r?} .' Although 37°His is not likely to reside in a helix, it is possible that Zn binding induces the

HISTIDINE' T’wo r;ossif)le téutgmeric forms: structu}e for TM8 has two non- i v 3 formation of a helix at the top of TM7, bringing 37°His close to 37'His. While the segment
'I;automer 2 NE2 interacting witH metal (70% zinc bound His) continuos helical fragments. . must be able to adopt such a conformation in the absence of such stabilization, the binding of
Tautomer P His ND1-metal interaction Zn?* may reinforce helicity at the external end of TM 7 by stabilizing an otherwise less

GLU and ASP: COO'gI’O‘L‘jpS bind in a monodentate arrangment RATIONALE ' . probable conformation. This induction may entailing a conformational change in the connecting

ptasy o extracellular loop (ECL4), whose implication in transport activity has been reported
DISTANCES AND ANGLES: Tightly constrained 3 If the transmembrane domain forms an ?-helix and if this helix includes 375His, it would ; ; ; ; isti ;
‘ 2 reviously*S. Sequence alignment analysis reveal important characteristics of this loop:
be expected that a new Zn?* binding site could be constructed between TM7 and TM8 = v Y Y b & &
) by removing 93His from the endogenous site and substituting it with a histidine in the i-
A comprehensive data base search of 4 position to 375His.

known structures of naturally occurring .
Zn?* binding sites indicates that % 1. The conservation and hdp pattern of the sequence

Soordinationstorzrz M betre ol Graph 1: EXPLORING FROM i-5 TO His 375: helix -8 corresponding to the 4th extracellular loop reveal a short helical
histidines located in an ?-helix requires . fragment from 1379 to D385. This segment shows an amphipatic
the two histidines to be positioned as i . M371H successful_ly _SUbSt'tu_tes character, where the apolar face is the conserved one suggesting
and i-4 with i assuming the gauche+ | y T R, H193 in the coordination of Zinc. " that this short helix has its conserved face in a hydrophobic
rotamer and i-4 the trans. Coordination g | ! . § ] .Of the_other reSIdUeS.from i-5 ) s - = environment, and its polar not-conserved face toward the agueous
« @ of Zn between two His in a helix | to His 375 is able to coordinate Zn. extracellular bath.
situated as i and i-3 would require that .
' N His adopt a gauche- rotamer which is
highly unfavorable.

At this point of the project three Zn binding sites were found involving residues in 2. A ?-turn is predicted in the region comprised by residues G386, P387 and G388. These
If the two coordinating His are localized within a R-strand they are always TM7 and TM8: residues are almost 100% conserved which suggests that not only the secondary structure
separated by only one residue (i and i+2/i-2). 193Hjs, 375His and 39Glu element is important, but the actual residues. Thus the carbonyl backbone groups of G will be
375His and 49°Cys highly exposed in a turn so that they may play an important role interacting with other parts of
371His, 375His and 3°6Glu the protein and/or the transported ions.
TM7 SEQUENCE ANALYSIS Sequence alignment analysis showed that the helix
125 does not continue beyond ®7His. Here the models
show that residues beyond 37SHis will be able to ¥ 3. At least four positions in the 4t extracellular loop are
coordinate Zn with 3%Glu only if those residues are > subtype selective, supporting the involvement of this loop

in a flexible loop, which was confirmed in specific extracellular gating mechanisms.
experimentally.

375His is situated close to the
extracellular end of TM7,
following a highly conserved
region with the characteristics
of an amphipathic helix.
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SUMMARY

We have achieved new insight into the structure
of a functionally important region located at the
external ends of TM 7 and TM 8 of a Na'/Cl-
coupled neurotransmitter transporter. In addition
to providing new structural information, the
insights produced by the ability to engineer
WT 'HAT1 -HATS - EX34' "HITR-CA00 i several Zn?* binding sites within this region also
The tight geometrical constraints for the coordination of Zn, as well as the m Ve deflr]ed e &S & pptentlal nO\_/eI Slite ol Ik
restriction on the dihedral angles tolerated for two His separated by two ; = mediated, allosteric modulation of transporter
3 i function with strong subtype selectivity

characteristics.

residues in an alpha helix, allow us to model the relative orientation of

TM7/TM8. Structural criteria and constraints were applied uniformly to be
The first three turns of TM7 are predicted to have one face exposed to the lipids, satisfied by all models. A series of cycles of manual refinement produced a final
while the last 4 turns are likely to be completely buried in the protein bundle. 375His structure compatible with the experimentally derived Zn?* binding sites,
is the third non conserved polar residue following a strip of 12 conserved residues satisfied up to sterically allowed changes in the side chain dihedral angles of the ; Norregaard, L., Frederiksen, D. Nielsen, E. 0., and Gether, U. (1998) Embo J 17, 4266-73
with a hydrophobicity pattern characteristic of an amphipathic alpha helix. The residues involved (but without variation of the relative backbone orientation of 2. Loland, C. J., Norregaard, L., and Gether, U. (1999) J Biol Chem 274, 36928-34

L. . . 373, the two fra men[S) 3. Alberts, I. L., Nadassy, K., and Wodak, S. J. (1998) Protein Sci 7, 1700-16
helix is unlikely to continue after 373Q. g s 4. Penado, K. M., Rudnick, G., and Stephan, M. M. (1998) J Biol Chem 273, 28098-106
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