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cmse, wiher simiegies sould be comsidored. Aunong them
crvatullimtion s two-dissersions (200 [10] o in cubs
crysinllizmtaon [ 1] hive been soocessfully applied m many
sheets (FLSa) were obtsaned [bem prolem eeconstgoied
liptid heflayers, mormmally spresd oo an pdegeate sarfbee {Le.
mica) e ohserved peoenally by electon microstopy and
mo meeoily by stomic foree mETusoopy (AP

The prescit paper i the dullowiing sheetives: ()
demorstnie the epression md sty of Cmpd Gollowing
the accumalation of o f-flustiguindons aitibeotic (S-cipro-
foxacm) imeo the & coli UHBE asd £ pali CTHIE
PO T ceBls; (i) e mvestigate i ubiguoss crysmibenion
al the protein voom by obsenation in sao of ouer mens-
branes exoeiad fom the recombinenl £ coli UHAH
pOMIME and (ioh w select te sbequre phospholpid
somposEtion W obiam 1D aoystals from FLESs. This prelime-
inary wark hecomes necesary hevauss the phoapbalipid
matr might evennsdly detsrmese the pentein packing | 2]
Besides, 5t comspromise fulure structuml stedies oo the 213
cryitallizd memlvaie podein

I, Materials and metheds

X1 Clemival

I-Palmitoy|-I-ovleoyli-am-glyeesa-3-phasphacholine
{PCHPCR, 1, 2dimymistoy]-sm-glyoemo-2-phosphachndine
(DMPC), octy]l ghicoside (00 md Epopelyascchandes
flemn £ ol sevotype (e RE were puckased fom Sigma,
B Louts, MO, LSA. Gesnpol wis fiom Flula, Spain. All
other comeson chemicals were ACS grade.

L2 Bocterdal siming and grovwth couditiees

5 wearceroeas 21T s am enveonesenial isalse | 03] and
£ anly UHAIOD [14], & porin-deficient @aln, s dsed e
clonsng nned expressson experimenis. $3mines were prown in
Tovplicese Sov Brah (TSH) fiv ower membrane proein
prepariions s pon pusificaon, parchesal fom Liolil-
chem Bameniologsenl Producs (kelyh Ciprofloacin (Cip
was kinedly supplisil by CENAVISA Labormiories (Reus,
Sipainp

LY Expression e punifontion of e oloned povie m
. oudy U602

The 5. mirrcercens Chmpl ponn wes expressed m £ colf
UHMIZ. The Chapl postsin wad purifedd as follows:
Facterin were growth svemight in TSH sspplemened with
amgicillin 18 pgiml e hovested by centmifisgetion
{1k, 10 mind, weshad onee with o 10 ob Tris-
HO pH T4 s resspenled in e some baffer Cells
were hooker by wlrssonic tremment mnd unbroken cells

remivid by comtrifugation (1000x g, 10 min), The agper-
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mainnl wis contrifuged (1000 Kg for | hi, sofimemiod
baciertnl envelapes wens resuspendal iy o budfer conisn-
mg X% 808, 10 mM Tris - HCL pH 7.4, The pepticog bycan
lzyer med the associmed protems were pelleed by comne
Tuipation ol [MEM g fx 30 pan. The pelle wes sah-
jeeied o a second 505 wash, The feal pellet was
sagpended in & baffer comaining 2% Genspal, 1 mdd
Teis—HE pH 74 mwl T M ethylesedisming setnacetic
ikl (EDTAL The sspemstant of the subiegusst esntrifa-
gatwon {104, (44 g, 300 min) oomamed pare Owpl pocin
To vismhze Omp factions, SPS-PAGE was performed in
o Hi-Rml sppemius (ednipresean 11y gels were sisaned
wigh .29, Coomassie boilliant biee, desared md fimlly
dned p=ng & pel doyer (Bioksd 543 )

24, Desermivartion o) Fuoraguinodons accumifon

Flunmsquinolone  seosmalation wes owed osisg &
pEnesiure slewhere described [i5] which tnkes the advan-
tage of the inirnsic fhirescooee of the antibetic [15]
Inhiles woe imevhated st 37 °C wslil dggpee=0 517,
Becier were horvesied by conmrifagaion (A0 g ai
mom femperaire, washed aed concentrated  10-dndd. in

haffer saline (PRS) pH 7.5, Flusoquinodone
wnk addded 1w 1-ml aligeos oo & feal eoncennstion of 10
jp'ml Af time imervnls of 024 05, 15, 3, 6 &, M, 15
and 200 min. samples were comnfisged in & meersfuge
1M ppin sl 4 0 fie | omin. Pellets wene pesospondal
in | mlaf k] M ghyeiee - HO baffer m pH 30, and
firally mcubated a8 mom Empemiune evemight o allow
Baserial lyam. Therealler, the saspensing were cenmi-
fugesd m 200 “C fiw 25 min o remove bocterial debsts
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Fig. | RI¥C-PALTHE of saduy swendvemss eoisirs. Simsiad swbsadar swplid
(L & ol LIEHE] {8 E oond DG 00 ]S g amd 5 it e (01
| gt b eusiewed b reoiinbdie) il
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Fig 2 Cyooflonsc scomrastion af £ call UFI02 (&) and [ ook
LACHI2 e i (W) Tha valees ene fhi nvamge of fhes edependans
[ e Lot P

The ooncentmbon of anshiolc m e supamnirds wos
determirsnl Dotwmmetrically oaing an BLM Aamiceo KNP
st e

I 5. Momivowe prepuredon and gesieim reconmitiuion

P izt pecorstiletin o chlomaloomy/melbanol {30030,
vi'vh solutzon of FOPC was dried under o stremm of oxygen-
free My b conical fibe s 1he e Olm oblemsd kepl
umler hegh wecmem for appoox. F h oo remwse ofganic
solveni tmdrs. Lipesames were obtained by medispearsion
o the lipud Glm mn 1mdd Tris-HCL 150 mbd Wal”l bodfer
(i TADp mmalying sucosssive eyeles ol leesmg il -
ing, below onid sbove the phese tresition of the phospho-
hpid Thereafter lipeossmes, supplememod with 3% (w'v) of
(4G, wire sonecmted for 30 mis in o bath, Punfed Owpd
soluhilized tn O3 were mixed wath the hprsomes o ohiain
lipid-tn-prodein ratio (LPR) {w'w) lower than | @ a iotal
pEniein concenisrion of 1 v, Severn] aeps e been
fflowed 10 extmot the detergent: (i} incabstion of the
mixiure o d °C for 30 man; (i) moorpomiion of the smmple
pnis dlialysis casssing: (Slide-A-Lyeae ™) i preseose o dial-
ymin bl L0 mM Tos=HEL 150 mdd Nal0 pHl 74405, (i)

Pig 1. A bacs siaps ol pgransy o oerda | il the semiraes samacte) S U ool DTS (A el el LMD A Dl 1R 16 = 10 o] Tina -
TECT Gl T8, 120 mahll bl Panin ol worbis hilsver 1 paiciaie & diil &l [eoesdie
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i & Ralr o i - Bophyaical Chaslimy TT) (a4 -7

dislysis of the sumple daring 3 doys @ coom tempernanme
changing the dialyeds bofler every 17 lours; (iv) eenerifu-
gakiem o 1200 1o for | e (v) resuspeislon of the pelle
i & final concentration |00 jdd in hoffer 20 mM Hepes, W
mhd K, 25 md MECl; pH 680 amd (vil) sabilizdion of
the sample overnight &1 pooms lempemture.

1E AFM pheerations

wort camicd ool &8 in provieas works
(16 Images were pedonded in comiac) or tappng inode
with & commermal THgis] [nstramenss (Savm Iharhem,
Ty Nanvscapo [ AFM feed with o 15-um scammer (d-
scaneerl. Stmdand SN, tps, with & nominal fosce
costant of 9.12 ¥-m™' (Digial nsramems), were used
and the forces exerted by the op were mimimizod By
previously reconding force plots e each ssmple [Rwpes
were phiaimed s using am AFM fitted with & appng
or conmctmode bhguod cell. Bofore overy sample, the
AFM liguid cell was washed witdy ethesdl e wkm pure
waler (Milli ) reverse osmosis spstemi), and ellowed so
dry @ ou ¥ stream, Mica dises (o masevie mica)
were cheaved wigh soobels ail glusd onle g Telloes dise by
a wiler-insolubde epoxy. These Tellmn discs were plucd
ot g sted] dise aml den menimed enle the pleasclesteic
scunner. Previous o imaging e smample, the tp-somple
pair ‘was thermally subilized. Then, oliquots of 30 ul of
reconstiiuted Ompl in prodealiposomes samples wore
pipecisd aego freshly cleaved mice, afowing the sumple
w0 sihilioe ol 25 °C (sbove ghe tmnsition tempembee of
the plespholipd missere) (o 30 msin Jeppeoa o aed
thevealfier nesing the surliee with divelesw catsong [ee.
The tip was mvmediately immersed in the bufor. Ta
accomplish all these experiments i| was mecesssry o drill
equillibone the cantilever fior 50 min hefiwre imaging.

A Resubts and discussion

Chtigpll hiss besn desciibed s o poclin Sheoaphon small
Ipdroplilic compemands such & some p-laciems, sming-
ghvimides, tmmoyveline anl chlmungdenion pencsale the
cells [65] Thesefiwe s ahsence confes high level of
resiinnee pgaingt these ancibiotics. The 5 mawecscews

1 picin was cifctvely eapressand m B ooslif LTHOZ,
a well kowny pogin-deflciens sormin, as can he seen in the
SD5-FPAGE gel shown in Fig. 1. This clone (F. el 11002
pOMIHY wos used i} o diviermsine ibe Gectionality of
the prodein, and (i) @ purily Ol for the Beepdvsicsl
X PETETETES.
Wherzas the kick of peeits i £ ool LHMZ nesudts in o
exremely low growids mie, the clone grew up mmach mose
mpidly fdata not shown), As in other papers |17] sccumuy-
lavion experimests of cpndlmacin o hacsria wens pdd
i deiermme the mole of Owpl i ibe apiske process.
Cimolusively these oxperiments. demonsimse that, ciprodl.
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FPag 4 SEVRFALE of de Dwm | pondcenese viss bres Fooody UIESLT
b Searkisd edeoules wetple fai, Owepl penfisd e Beaeo
prsly (hi

ncin wscs Chp | 30 pooctraie Sermaie oeer surfoce (Fig. )"
As ean he seen, the expeession of Cwa]l porin i £ eoly
LTHMIZ jeadds w0 incveass in ciproflosscin scommolotion
whm compared with the pereninl smin

The outer memnbranes olaad fomm £ ool UTHIGE and
£ ool TTHE2 pCidd 106 were resuspended i bffer and
imm o] b AN (Fip. 34 sl B, mespictavely]. The mages
were wken m iapping dede. Both simbianes e g
simnilir hespha o’ 5. 724006 mm. (rs 10y sed 36840012 nm
(=10}, prapectively, nd puessuntd al the edge of the proes-
I sheets. This is consisent with the valnes reported for
oiher pooteolipid shees [ 18- 20] While the £ ool 11302
ouler paemsbranes were Tl (Fip. YA soime prodrusgions
appenr ot the wop of the £ eali U2 pOMIOD ome
‘membrane extracts (Fig 30 Those protnsions {see Zoom
off Fig W) excond 10107 mm (=21F) o the: hackground
laver and show an avernge dismsier of 1843 am (=)
This stee ix higher than the one prodicied from our theooet
fcal meniled 9] andd sl highes thie the valoes reponed f
cryetals of her poring (Le [18,21-73]k Hiwever, excepl

! Cigail & el loi sl s eid Qe Jeflorma
rulbear fhr ke (7] i m adroghobir sy ek
B Lol biliver, {H & wifprossisd gill io well buews: aed (@) &
bydroplalls way due 1o il chaerel Sty mtivin of pows. B obe ol
lewd pilbsiain of ey wmd ol lbictiecsd (£ ced UHMD) ke
comsilevar, pemesine skl be ilowe
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M. M ot ad  Alypiyradon! Chaveteery LT O3004) 1-7 |

[27] the dameer of de poirsions beoome 5.5 <019 mm,
mrach mexe i agreemen with the values expecied fr o
poTin rime

ki e meeoaatintion expendments the panty of the mem-
lrane protein is of oucial mponece. Theredore we show =
Fig 4 an example of 4 SD5-PAGE gel of the purificd Ceapl
protcin thal has heers used in the Milowing o porimcls
hbver varishles os pH, oeie strenggh ol cevesnl phasphin-
lipidic matrives wern screomed 10 obiain the best condiines
ot meconstEuion o p bemimetic covinomenl.

In Fig. 5 we show differen ke of sinectges of seme
al the FLS obained wish ibfforent ipkl mainces. In Fig
5A a dooble lavered PLE o a mirdni of lipopolysscharide
all B i s sheamn These prossalipld sbeets s a
rouighs surihce dee io the inoorporation of the potin nie the
layer. However no onfersd pattern wos observisl. O the
aher hand this satrls @ wes s possibde 1w B s PLS
on e mice, T woughness becomes & sevlous diffeuly
dunng the scanning of the surfice and not allews the
crirect visnalimisms of o pitlam under thise svpermmenial
comaditkms.

Taw pure phospholipids, POPC md D8P, wich o
i tempmgams of —15 aml 24 0, mespoctively, wom
waetl becugse they cover ibe mnge of iomperaiees resched
durirg  the. proonstwation process: (see Motbodsi. The Fig
£13 shows the proioalipid sheets formed with pare DAWPC
B maalrin, The Arocures ohserved weve sabalar-like, thow-
ing several sates of sggregation. These stuomres have bees
aifierved in ather reconstisatinn experimentd [2R] and reiul
apparclly om the Toomtion of bebadar mecellcs or Tububar
M epstals. Consegeently, DMVMPC wos sles dsoandad =
Lipid matrix foc Chaygsl

In Fig, 50 ai equimalie misture of DMPC and POPC
wins: s i maeri Trresition iemperstere of his mixhee
=13 *C was calodated by Boorescence polarization (result
mat alwewni. Inieresing by, afler the morpanitaon of e ponm

Tig £ Awemi Fover image of snpimsls (wppng mede) of Degl
fevomuiraed le diflerens Epid mawde. (M) LPS. (B} DMPC. (C)
DAPCPORC (1-1) tmabimal). brugig Sedfier: 20 mid Tepen pll 6.4,
100 mM KL

for the parple membeone [14], the condine gap junccion
channels [25] anid few more examples o sibe crystallization
i perive membranes i sncosmnon. O the other hamd the
protrssions e Fig, T8 could essily mealt from e sell-
iggregation of the poein, probebly i o trimer. Besales, 612 3, o e fons drage of dellecion jostact mxde) o Chapl
is o typical overcstamation of the s {abou [0 dae m the pecms ! fhasend s PUIPL il LR l 08 Srogirg teaflar 20 s Dlegss gl 4,
cxervnluliss af the tip | 26], Thes imtreklusang (his correctiing P KA
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] W dhax ot al J Bopdomcs) Chosnsdry LT 20041 | 7

mio the hilmyer i Guidity renems mostant Proteolipid
shests formed with DMPC-POPC (Fig. 505 showed the
strachure of typlel belaper obvinined afier spreading. AL
though oo cooclusive, perinin ststumes on the fop of the
bilewver smurfpce, smiler %o thoss obsoved i lhe notuml
exttest of &, 2ol (Fig. 18], wese obaeved

Judging only the quality of the Emeges, the best
proteolipid sheets were obdpined using pure POPC
(Fig. 63 These PLS3 asc amilar o olSers mepoted o
the leeetore and obmined with other proteins [1519)
The PLSs were W03 men (a1} beight, as mensmed
at the adpes and enn be ntepreted s o double Isyered
strurture. The deflection imege is presenied heres 1o
enhamee the fact Remackcebly 2 omd of onganeeiem s
chgerved at the upper Bayer which did w1 reveal a
pattern. These PLSc formed eme of sufficie=st rigidity 1o
ensire the pomect scom ot bigh resolution wathoot pertur
bmilon of the shed wih the tip,

Therefiore, aor AFM reschs snggest that POPC wes the
mos suitnble lipid matrix te eeonstitmle e Gmpl. Thess
PLSs tiwad 16 b fiicther mvvastipmte, particulady, the origin
of {he merrugetine om €5 top. At this polot we s not asle
to gopfimm i these stroctiuces ang due 1o the semmogement of
the pratein b lafsiees or g omkginefed frosn sl aggregntion,
of the metsin. Mowadsys, we me studyving the optinal
conditions % miniznize tw repolsion over the sheet in onder
tir teach Bigher risolithon s,
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ELSEVIER Hieserisers and Bioscleoeymics 1 (2005 1241|644
wow by i coen iocme frise
Short communicalon
Atomic force microscopy study of Escherichia coli lactose
permease proteolipid sheets

Sandra Merino ™, Oscar Doménech BE_ M. Teresa Montero®<, Jordi Hemandez-Baorrel] 4+

* ivpvreromen e Fiaiogaimion, [ sbereny i lamvokma (9057 farooloan. spain
" Dhepmvsisieal de (i Pk [avesdtar & Mg olena, DOI0N Norodlvra, Npwis
* Covme e Bselarmrdnion | Nomohierideear AC8EY, Forr Ol de Sarrelos Asrp Somitier |5 08028 Sorvelioa Snain

Mol 11 Rarch JHE, re et in revised ferme ) Wlay 2004, aeoeysend S Ny TO0RE
Acrailable ooaling 10 Jurig 20

A raed

Proteadpid sheets (PLSspobtained using the vesicle fusiom sechnigue on e convensent serfse e one the base o obeain sunemnsbrune peosein
bionensoes. In this peeliminary warlk, we lenve screonal several physioochensical condibsons o mplamiee the vissalisiion of proteolpsl sheets
Frrmied between different phambolipsd matrices snsd the membrane predem lactoss permesas | LasP) by atomic fireor microssopy (AFM)

Wihen Lacl i pocommtiuted in |-palimitoy]-2-oleay|-se-glyeero- Sphosphos oling (POPCH iposomes, the pratoslipid shicets wene densely
packed with an upper layer that protrudied fram n back ground layer, Several fipid protem molar retos {LPR ) woe screened. High resolition
smabysls of the upper layer revcabod & guask-crystallime arrangensent formoed by small eniities that could be sniributed @ the protcin. The

approach describon here may e suitablie For the ratemal deugn of bssonsrs hased @ other ransmembrans protoms,

© 2004 Elspvier BUY, AR righls rosererd.
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I. Introduciion

There is curmently comsaderable inierest i wang mem-
branc projeins for beoscnsor applications. The biosensor
vkl consist of a lipid laver (sctually & bilayer), in which
the membmne projein s embedded gs o specibic detector
that coats o sensor surfiee. The basic strotegy consists off
reconstiiution of the protein in hpesomes to prochece prote-
idiposoamies thal are sebseguently spread omo & cofvensent
aitfoce, This lemd to oblam sold-sipported proteclipid
shegts (PLY%s)' (Ruiz et al, WM} In biosensor desagn
(0] mnd Heiduschia, 1995 ) and also in two-dimensional
(210 erystallization (Kihlbrandit, 1%2) of membrame pmo-
tgins, the gponl is b oblam ihe protein embeddead in ihe
lipad bilayer. Whilst in 210 crystalbizabion, fhe generation

* Compponding ashor Tel: & 591 803 50 8
Tms: « 34 % 407 39 K7,

E-mt s poodsvermunderborrelbiiubedu ). Ibsmandee: - Bl

! e use L% e wh of m e A brher erm
feligy, ke wslid-spprial Bligen, iugpened plesphiliptd Hlsyen o
serfice planar biluyers can be s othe Bermune.

A%k A 1Y - see froni mater © 3004 Ehevier B Al nghes rewerved
whai 141 )DL s 00 S 04

of repetitve amays for structuml analyss 15 required, for
biosensor spplications tids may ool be seocisary i the
produin femains. imimobdlized and madstams s bologcal
sativity (e, see Fisher and Tjimbage, 2000).

I earlior sudies (Kaefor of ol 1991}, it waos proposed o
hinsensor based in the incorportion of membrane fransport
|'|-|1:|l.n'u1.u in @ planar bilayer which covers the trnstecer. Al
terwands (Klee o al, 195620, o war demonstrated that the
lactose blosensor could be produced based on the ransmenm-
braiwe protem Lactoe permeass | LacP) of Exlerickia colf,
The recent generation of 310 ervsials of 8 mutent of LacP
{Lac YOO 3400 | Abramon gt al., 2000 has provided conclu-
sive evidence abowt the modecular mechanssm of the protein
(Tora review, see Kaback ¢t al.,, 200 L Thitallows now (o un-
dersnnd better the mechanism of sction of the Iscioss-scnsor
i which charscerization and scalmg-up dilficalties has boen
recognized (Gipel and Heiduschka, 1995). Alongside this,
the 20 orystallizateon of LecP has boen with a fesson proisin
cosstaining cyloehrome by | Lac Yoyt 3 T THE ) spegit-
icully engincered for this purpose schieved (Zhuang of al,,
1994}, bmportamtly, the comditions ased m 20 crystalliztion
could be uschid, sl moy be applicable o the propamtion
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anil characterization of FLSa and bicscrmoay hused in other
ransmembrane proteims. In principle, these were the sruc-
nwpes on which the carlier LacP bimsermor wis hasad (K lees
elal, 1997

The propeeety of dhe Lacl protein b speregate (Engel
el al, MHEN) aloigg with Ba exremety high fesibility pales
many gesstions ghom the mahre, sishilisy end reproducdbil-
ity of the strucsmes obtaired after the deposition of Lacl
profenlipssiomes onlo a surlsce, Bafore aiy altengd = madi
e mabeanp sach g becsensor, bashe indomation aba e
sachural charateristios of the PLEs will be necessary. Hav-
g o aesound That this biosereor isbhassd on (e mdesction
of Lugtes wirh LacP properly folded and embedded within
th ligrid balayer, the imses igation on dhe nanostrocsore of the
PLESe appears necessary, Therelore, iyt present shudy we
berve nsed atomie Foroe micresoopy to visuslize the nanoe
tructure of =axch FLSs afier &posibion on mica, a common

g (o mmigng elogieal saiiijphes i onddi 1o jrovele
wdrmaton for fhe rational design of 4 luetoee bioeerson

1 Materals ani e linds
24, Chemicals

l-Falmitoyk2=pleoyl-sngheaodphosphocholne (FO-
P and W-dedoed S pemaleilde [THEM) ware puchasd
from Sigma (3L Loois, MO, USAL AN other common
chemicals wepe ACS grade

22 Biakopical

E.cofi T=184 calls [kt 0 2-(d), rpal, met, fhr, recd,
el ReadRF, e Ort EEVIR AR O] weere gronisly pi-
wided by D, H Ronald Fabsck from the HHMILUCLA.

20 Ferleh preparetion g prokss necoesriitor

(hilorolonm meelhars] {5050 (vl solidionme comaming
appropeiate saonnts aof ped wene dried mder a stream aff
oxygen-fose Ny i o conscal fube and the thin Glm oblamed
ke treder high vaeoum for spproxmmately 3h o remove
srganie polvent traces The anaperlons aliadved after sedis-
perzian of the film o resuspension buffer were sonicaled fo
20mm end eclubilized m DDA 020 faciv). Afberwards,
i bt (e Jeierged, the same gaolcol used foe LacP
recanstinaion (see below ) wis spplied

Lack war sxizscted ared purified o e overprodoc
g straim Eeol T-184, acemding 1o previcaly dewribed
meitfieds (Theo et al., 1599 and reconstitubed osing methe
i described ebewhere (LeCouire ot al, 19970 Modi-
fieations 1o adigl the metsds to Lacl wee ndeduced,
cssemiially, purified Lacl solubdlized in DDM was mived
with phesphiclipids, also in DD, to chtain sn sppropriate
Nipridd -t a-gurosrin patbd fwiwh s & finsl lgpid conceniration
of 1Al Bevessl steps were then spplied 1o exract the
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detergent (i) meubaion of the neistire s 850 for 1k G0
addition of 100mg of Bio-Beads mnd icobation st 4°C
for Al diady anather addeion of 100mg of Bio-Beads and
icubaticn for 12h ab roms temperahre; (i) cemrifugs-
tion al 12, 00krpm for 1 b 000 resazpenzion of fhe pellzt m
pesmtspeaion Talles (10 m™ Tris, pH 7405 1hibmb] Mac,
JomM CaCly; § = 0.15m} and (wi) coniralled and linsar
rarease of te temperatum op bo 3750,

24 AFM obseriations

Image: were rorded m appimg and condact mode with
a comsmercial Digital Instruments (Samia Barbara, CA)
Mamoscope 01 AFM Gited withoa 15 jom scanrer (d=-scanner b
Sraalard SNy tps, with & peminal feme constent of
ol Wim (Digital Instrumenis), were used and the farces
exeried by the tip were minmized by previously recods
g [owee plole For wich mimph. linages weme oblained n
wit maing an AFM fred with cither & pping-mods Hqnid
cell or & contact-mode pell. Before every sample, the AFM
hquisd eell war wadwd wifh eihanol and uka pore waber
(MO revese cmwosh svaem), and sllvwed to dey
im 8 Ny stream. Mioa diss (green mscovite mioy) wene
cleaved with scatch and ghoed onto s Teflon diss nsing
wler-ineshable gpovy. Thess Teflon discs were gheed onio
n #teed dise and then mounied oo e piezcelecine scanner,

25 Peepararion of P

Thm spread af tbe plans membemes o mics wome ofs
taired nsing te wealcle fosion edniqoe (Merino et al,
200%; Bniz et al., 2004). Alquoly (50 L) of reconstitoed
LasT' m pretecliposome samples ware pipetied ante freshly
chensid inkea, allewad b stabibme ar 2550 (ahive fie 0a-
sitian temperatme of the phospholipid miiure) foe 30min
{mpproxmstely) and then rinsed with diealent cation-free
buffer (maging buffery. The tip was immedistely mmersed
i dhe buffer. Te accomplish all these expenments, it was
rmseweary §o il eoquilibrade and thermally stabilio dw can-
tilever for 50 min belore maging.

X Hewidie aml discission

In ihe wark, sewersl physicochemical varishles have
b el b prariy of thw protein, defergend vsand o
the exirachien, lonk sirengih f = kS lm), seRe
of monovalent (K, Na®) and Disvabend fons (Mg™, Ca*)
im the reasspercion buffes, pH (8.0-8.0) and severs| lipid
mairices. The best images were obdained by folbowing the
oxpermmandal comdtions described in ke fpae legmids,
while i bsaleally eamelde, with those established in the week
thut reponied the anique 21 erystallizstion of LecP (Zhuang
et al. 199 Ax discussed elsewhere, the presnce of the
dnalini catlon b peined Tor mansosation (sdaoption,
fusten and nopere] of sesickes into surfice plinar bilsvers
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5 Mt il et o i Rioples eisop JF OO0 TRE-T8d8 (B k)

P | Images bk scigg FOPT a2 lipd manis o] LacP ot Geiad vl of LPE {mray 0 08 L0, 1000 aisd 003 (1% Fiiges svve odibal imd
g g ol G ing e anagegg el 10 Toe- IO 150 et MacT] (pll 7400 o & idis sappor Protmieess o (I e isBicam] by back smiwe

{Mering ef al, 2005 It s worth noting thet one of the
cricisl points in 1he rrsmembrane protein. reconstfution
arizes during the edmection of e defergont (DDM) | for
eI o Rl“;ul.l el al, 2HMkg

Among the phospholipics soreened in the present study,
MR, electrically ienilral and in Musd plase ol rooen lom-
peralire provides an approgeiile enwviromment B e coerost
Insertion of the profetn (sse rodew of Lee, 200%),

Wtmn shadying pure POPC bilsyens by AFM, we obinined
linsges sl f e ane dwean i big, 1. We obsereed il
the lipsd leyer adsocbed anlo mico becomes. dramstically af-
fected tmder the action of e tp (Fip. 1AL Albough, the
lnad Firreg ol The 1ipaver the sample was adjusrad 1o 1he mini-
T valbne 1o engage ® we ohserved that the Hipscrasched the
PO bilayer. However, the height profile amalvids { Mering
of nl., 20031 albows 1o meinhlish 5 value of 4.52 + 0,19 mn

Ui sudiiiig (o biisggeing Feice 0 neiimlly slpeied o e
amlimi preakble vgles, slels de nmge ot dear jeveall s don
Iiphdi

ferr the PO hilayer which s the hedght relative to mics
[reerestingly, 1hie lehaviour iz chanped by the presence off
LacF As can be seen in Fig |5 asd O, the FLSs romain
glable and firmly stisched to e subsirale wsder e ation
af the sure boad force.,

I agresimginl with the work of Zineig ol &l (1999, érvs-
Il palches with e Lacl® ineorpad sted wene ohginad &
LM = (.5 (Fig. 104 In the cemtre, & densehy packed Layer
protrocdes from the hackground Erer with some similenities
I e depicbed i Fg, TH sl © lib tem sk, Burvever
lhe upper byyer showdd be altribubed 1o the selfaggregation
af e profein (Engel o al., 20K as & conseqoence of the
pradual decreasg af the LFR, A magnited vieo of ihe upper
laver reghors showmn in Fig. 10 reveals a gquasi-orvstalline
arraiggemenl (Fig. 21 formed by small emilies with o rough
uves o CL0R1 3 pn,

Al il the Balogeal petnity aF Lack [ LSS has boeen
demansirased (Cittenbachen o al 1995 no mformation
skl 1B pealiare o 1 adsorbed sinictiees boae e, 1o o
Enmwledene, relessed [0 e, Chence, the relevance L'lr'l*'lg. 21
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15448 5 Meme & gt ¢ Noamanrs ol Blealecroaics M D) P TERE

Fig I ¥ pemapectie ol sh sppa laper of o prokoliphd LacP shest
Baiined wth POPC sl 6 LPR (&%) of 05 veinlionl b oombed isada
it e mmpng haller 10mbl Tre-B0, 050 mivl Wail8 ipH 7400 an 2
I, 1 EEp

The structuryd aspect hus ottrected our amention  becmse
AFM have opened up the possibility of a direct manipuln-
iy {Foladia ef al., 2003, i evenmally narofhbricaion
of these kind of blosersors based In transsmembrane pro-
teims. As an exenple of B intrinsie dificullies of wocking
with e parieular protein, 0 s sonh wbing Dt the oo
reprclucibilily of obteming 20 orystads of LacP lns been
recogred (see Fig. 2 in Smhlberg e al, 30601 ) and dhal the
genertion of 30 crystali o restdod mode dhan 20 veum
of research (Kshack and Wi, 1999 hnporinmiy, an -
deratanding of w2 fono-low ta csn LS conld hine an
it oo Ehe desigin of Hoesisors sead on nilsneitrans
proleins Enebved, for rstance, in etibiotic or emineopls-
gl rusistance and ofber loemn diseses assocsled wilh
manhrane trangent (Van Bambeke o al., 2000,

The AFM imnges presented here provide novel Esights
o the strochare of PLSs Work on the bealogical activity
of the protein sheorbed In sevenl surfhees and oiber phes-
phaalipid matrices is now in progress.
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Results

Thia temparatuss dapandones of THA-DPFH and DPH
lnpetemea smnd protesliposomesis shown i Figure 2, The
fesanueris of the plaspholiphl pliass ransbion, for THA-
DFH { Figure 24 Fard IFFH { Figure 31 lipraomes, wers
nlml annfTecled by the pressmie of LacY ol & probein-
teeligid malar mutae of LAWK However, the srdectropy of
DFH dropped to lower valoes than thoes chesrved with
TMA-LPH foer the mome tems ureinereosss, Thos, iho
anatropy of Tuh.:‘..lhﬁl feain .34 l.utul:lj-l..
approximataly, w the temparniores inereusoid i
te 36 ", IIuhth.nfl'!lPFliﬁpndfmn. .82 e 013 far
the sama o pratiure ranpe.

Paramalers T, sid B for e TMA-DFH ligemes,
colulmied sooording o desoribed methods, are listed in
Talde 1, As can be asen, LacY coused an spproamate 03
! ineremae i the Lempernture of the phesphalipmd phese
brarmidion [Ty ) snd a emall change in B. Coprversely, ihe

pof LacY irdooes o decrense of 1.0 in the Ty
atell o lowarng of B when DPH was the probs i

The ol this e Ll plsnasr bilayer (SPH)
uf Ll [P0 3 pligspholiphd st lealoen in Figore
M mnd revenls the E:nl-‘l-emul"l.'-u different domnine (eee
differmnosa in corlrued), Lire prafile nrmlyata, isch me e
ona shoen in Figure 30, ollres us io cetablich thet (0} the
heiphid of the bilayerie 4.4 = 0.3 pomdn = L0 by meaeuring
it ot the ndge of the SPE ard (@) thore i & differance of
(kG4 & 00T nm Cn o= 10k bedween Ehe uppser e thie lower
damain I'un Figura: 3B A ghowe the AFM
anaiit e ‘lmnt:.l af a proteshipid alsat of POPEFOR

a proten-de-tpid molas H;lﬂ- of 130, Hara,
L F CR il dures alwrved qin g Anipgeat-
e MT[‘I’MH astarialin Flpure ) ‘I.'I'u'mp"n'r dstiain
regione {white slar) mnabiluts ithe largesl repion whale
the bower domain Tirma amall jralchas lilﬂlﬂl arkariakl,
Thas cans b= corroborated by the lire profile snokyein
ehowm in Figure 300, wihich correspom die Lo Ehes line drmwn
in Figure 30, When o poart of this imoge is mogmified
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