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SUMMARY

The solubilizing power of various nonionic and zwitterionic detergenteeasbrane protein solubilizers
for 2D electrophoresisvas investigated. Humared bloodcell ghostsand Arabidopsighaliana leaf
membraneproteins were used asodelsystems. Hicient detergents could Heund ineachclass, i.e.
with oligooxyethylene, sugar @ulfobetaine polaheads.Among the commercially-available nonionic
detergents, dodecyhaltoside and BrijSproved most efficient. Thegomplement the more classical
sulfobetaine detergents to widdime scope of useful detergentsr the solubilization of membrane
proteins in proteomics.



Analysis of membrangroteins remains a major dlemge for proteomics techniques based on 2D
electrophoresis. For this reason, alternative methods leitked on theuse of SDS electrophoregi|,

or on the separation of digestion peptides and not of prd&ir® have beermescribedAlthough these
methods have provesuccessful foithe identification of membranpgroteins, they do naachieve the
combination of quantitativanalysis and separation of protein variaatailablethroughthe use of 2D
electrophoresis. There is therefore still a wide inteéhaesthe solubilization of membran@oteins under

the conditions prevailing in isoelectficcusing. Forquite a longtime, membranegoroteins could not be
solubilized adequately under these conditigf}s However, the introduction of thiourea as a chaotrope

in addition to ured5] and the introduction of dedicated zwitterionic detergdiéts 7] has allowed to
display somenembraneproteins on 20gels. Nevertheless, it uite clear thathese chemicals do not
represent a universal solution ttze problem of membrane protein solubilizati@). While SDS is
known tosolubilize almost anyrotein, the situation isvery different undethe low-salt, electrically-
neutral detergent conditions prevailing under IEF conditions. In this case, the electrostatic reffatgive
brought by the ionic polar heads of SDS is not available, resulting in much poorer solubilizatisn it

can beforeseen that variousiembraneproteins will not solubilize adequately with a singletergent
under non-ionic conditions. In addition, several of the dedicated detergents publishetesyp. fear [7] )

are not commercially availableyhich precludegheir generaluse bythe scientificcommunity. This
situation prompted us tevaluate severadonionic,commercially-available detergerfts their efficiency

in membrane protein solubilizatiofor the sake of easy comparison withe previously-described
zwitterionic detergents, systenadready investigated wenesed, i.e.human red blooctell membranes

[7], andA. thaliana leaf membranef5], which were prepared according to those publicati®hs. leaf
membranes were incubated in the presence of Txt@00 (ratio 1:1) with a final concentratich2 %

(w/v), during 10 min at 4C, undergentleshaking.After centrifugation al20000 g during 1%nin the

pellet was resuspended in the storage buffercanttifugated al20000 g during 15 min. This ensured
partial delipidation and extraction of many extrinsic membgao¢eins. Thdinal membrane pellets (red
blood cell or leaf)were solubilized irnthe desired extractioomedium (urea/M, thiourea2M, DTT 20

mM, carrier ampholytes 0.4-1%%, and detergent 2-4%). The zwitterionic detergents ASB14 and C7BzO
were synthetised as described previoysly 7]. The glycolipid detergents dodecyl and tetradecyl
melibionamide were prepared according to published meth¢ds The other detergents were
commercially available and purchased from standard laboratory suppliers . Glucopon and Plantacare wer
available from Fluka. Alkyl maltosides (dodecyl or tetradecyl) were at least 98% pure. Pure anomers only
(a or ) were used.

A constant amount gbrotein, asdetermined on the membrapeeparations, wasolubilizedfor each
condition tested. After ultracentrifugation(250000g, 30minutes) to remove insoluble material, the
supernatant was used for 2D electrophoresis. Consequently, the 2D patterns refliet ability of the
chaotrope-detergent mixture to extract efficiently phateins of interest and its ability to prevdosses
during the 2D electrophoresis process.

IEF was performed with home-made immobilized pH gradients (linear gradient from 4 to 8) [10], or with
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commercial3-10 gradientsThe IPG stripswere rehydrated to a 3%T finalcrylamide concentration
overnight in 7M urea and 2M thiourea containiB@mM DTT and 0.4% carrier ampholytes3-10
(Pharmalytes) and the detergent of interest (2% final concentration éxc€lAPS: 4%). The protein
sample was mixed with the rehydration solution for in-gel application of the sfhople Thefollowing
running conditions were then used: from 0 to 300 V in 1 min, 300 V for 3 hours , from 300 V to 3500 V
in 1 hour, 3500 V for 20 hours.

After the IEFrun, the IPG gel strips were incubated at roci@mperaturégor 10 min in 6 Murea, 30%
(w/v) glycerol, 2% (w/v) SDS, 13 mM DTT, 0.125 M Tris, 0.1 M HCI . Bezondequilibration step
was carried out for 5 min ithe samesolution, excepted that DTTvas replaced by iodoacetamide5%
[11]. The second dimension (SDS-PAGE) was carried out on homogenous running gels (10%T) without
a stackinggel. The gels wereilger-stained according to Sinha al. [12]. The chloride-carbonate
exchanger (alsmamed bandll) was identified by massspectrometry[7], while the H+ATPase and
aquaporin fromA. Thaliana were identified by immunoblotting.

Because of its abundance in the red bloeimembrane, whiclarealso quite easy tprepare, band Il
was chosen as a firgtodel to evaluate the solubilization obtairveith various detergents in 2D gel
electrophoresis. Typical results are shown onfith&es. Because bantll is a protein with 12putative
transmembrane domains, it is m#tected in classical 2Baps using CHAPS as a detergentslaswn

on figure 1A. However, etlicated zwitterionic detergents achieygdper solubilization and analysis of
band 11l on 2D gels (Figur&B). Thefuzzy appearance of theand IIl spot is typical. It is probably
linked to the heavy modifications reported this protein (glycosylation, jraitylation) which already
give a fuzzy band in SDS electrophorg3is Figure 1 alsshowsthe results obtained with detergents
bearing a sugar-derived polaead,and a linear alkyltail. The Tweenfamily proved completely
unsuccessful, and no band Il was seen with Tween 40 (Fig. 1C). Tween 20 and 8tegsaume result
(no band Il solubilization). Oppositely, the maltoside detergents gave very encouraging results, and bott
_-and _-dodecyl maltosides performed wélig. 1D and E). Tetradecyl maltosidand Cymal-6 also
gave the same results (not showle to thehigh prices of these detergentbeapersubstitutes were
also tested, such as Glucopon and Plantacare, vanecimixtures of alkyglycosides and maltosides.
These detergents proved completely unsuccessful 1y as did the dodecyl and tetradecyl
melibionamides [9].

Results obtained with detergents bearing an oligoethylene glycol polar hedwbware anfigure 2. The
detergents tested varied in balie length of the polar head and of the linear aliyl Triton X-100,
which bears an oligoethylene glycol polar head but a complex tert-octylphenyl hydrophdbigvas
also included in the tests. Here again, the results were quite variable from one detergent tovdmher.
Brij 30 (Fig. 2A) proved unable to solubilize ballj Brij 58 (Fig2C) andBrij 78 (Fig. 2D) gave little
solubilisation and podiocusing.Brij 96 (Fig. 2E) provedable to solubilize to limited amount dand

[Il, which was however correctly focuseBirij 56 (Fig. 2B), Triton X-100 (Fig. 2Fand C13E10 (not
shown) were shown to be as efficient as zwitterionic detergents or glycosidic detergents.



In order toalleviate any bias which could be linked tihe nature ofband Ill, another membrane
preparation(A. thaliana leafwas used as a control.Had been previouslghown thathis preparation
contains high amounts of aquaporins &¥ATPase, whichcould be displayed on 2D gels abrrect
detergents were usg¢@]. Figure 3showstypical results obtained with various skes of detergents on
this membrane preparation. While ASB14 is clearly superior to C7BzO for band Il [7], C7BzO is clearly
more efficientfor this plant membrane preparatigfig. 3C vs 3B). As tdahe nonionicdetergentsBrij

78 was clearly inefficientFig 3E), while Brij 56 was intermediate betweeASB14 and C7BzO(Fig 3D
vs 3B and3C). Dodecyl maltosidevas howeverlearly themost efficient detergent of theanel, as
judged by the amounts of aquaporins and H+ ATPase solubilized and focused (Fig. 3F).

The solubilization efficiency depends not only on the membrane protein, but also on the lipid content and
on the treatments of the membrane preparation prior to final solubilization [13]. In this context, it must be
noted that the plant membrane preparation is partially delipisatbdTriton X-100, while the redblood
cell membrane preparation is not delipidatdthis may explain, atleast inpart, the differences in
detergent efficiency observed on the two preparations.

The situation is therefore quite complicateed it is advisable to bable touse several detergents to
choosethe one(s) performing best witlhe proteins or biologicasystem of interest. Othe onehand,
several detergents which proved @ént for membrane protein solubilization are eitt@mmercially
unavailable (e.g. C7BzO) or available on a limibesis and at eather high pricde.g. ASB14). On the
other hand, there are many nonionic detergents, which are commercially available at various prices.
Sugar-based detergents providgdte efficient solubilization irboth systems.Their efficiency seems
however somewhat dependent logich to batch variation (nehown)and they are quite expensive
chemicals. The purity of these chemics¢é®ms of paramount importance, heven bythe inefficiency
of mixtures (e.g. Plantacare, Fig. 1F) and by the batch to batch variations.

Oligoethylene glycol-based detergents are efficient ¢éveagh theyare almosonly mixtures, butheir
efficiency isvariable. It does nateem to vary with batches but seems to depenthe&in hydrophilic-
lipophilic balance (HLB). Detergents withedther alow HLB (e.g. Brij 30, HLB = 9.7) or &igh one
(e.g. Brij 58, Brij 78 and Tweerd0, HLB 15.7, 15.3and 15.6 resp.)are inefficient. Oppositely,
detergents with a medium HLB (B#&6, Triton X100 or C13E10, HLBL2.9, 13.5and14.1 resp.) are
efficient. This does nateem to hold truéor detergents with an oleyl lipophilic part (B&6, HLB=
12.4). Such an optimum in the HLB also hotdge for membrane solubilizationndernative conditions
[14]. Some discrepancies detergent efficiency seehowever to be brought ithe chaotropeised for
denaturation. Under native conditions, Brij 30 and Brij 96 shdwgh efficiency[14], which is not the
case withthe urea-thiourea mixtur@his work). This also seems to hold trder the Triton X100-
CHAPS comparison. It has lormgpen described th&HAPS isfar superior to TritorX100 whenurea
alone is used as chaotrope [15]. However, none of these deteageietged solubilization of membrane
proteins[4]. When the urea-thiourea chaotropic mixtureused, Triton X100becomes much more
efficient than CHAPS for solubilizing membrane proteins.

As a conclusion, the optimal choice of a detergent still remains largely empiricakvieigwvedescribe
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here several alternatives to dedicated sulfobetdetergentsDodecyl maltosideseemshe mostefficient
alternative, but it is even more expensive thaliobetaines. Focheaper alternatives, Tritad-100 or

Brij 56 are good choices. However, we sometimes experienced detergent precipitation with Brij 56 in the
concentrated urea-thiourea mixture, and C13E10 appears to be a versatile choice.
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LEGENDS TO FIGURES

Figure 1: 2D electrophoretic separation of red blood cell ghosts proteins

150 pg of red blood cell ghosts proteins were loadeth@r2D gels. Théirst dimension is a 4-8near

pH gradient, andhe second dimension a 10%erylamidegel. Band Ill isindicated by ararrow. The
proteinsare extracted and ¢ased in a solutiogontaining 7Murea, 2M thiourea, 20 mM DTT.4%
carrier ampholytes and A: 4% CHAPS; B: 2% ASB14; C: 2% Tween 40; D: 2% _-dodecyl maltoside; E:
2% _-dodecyl maltoside, F: 2% Plantacare.

Figure 2. 2D electrophoretic separation of red blood cell ghosts proteins
Same conditions as in figure 1, except that the detergents used for extraction and focusing are:
A: 2% Brij 30; B: 2% Brij 56; C: 2% Brij 58; D: 2% Brij 78; E: 2% Brij 96; F: 1% Triton X100

Figure 3. 2D electrophoretic separation of A. thaliana leaf plasma membrane proteins

60ug of leaf plasma membrane proteins were loaded on the 2D gels. . The first dimension isaaB-10
pH gradient, and the second dimension a Ha¥ylamidegel. H+ ATPase(AHA), aquaporin monomer
(PIP1) and aquaporin dimer (PIP2) amdicated byarrows. Theproteinsare extracted and focused in a
solution containing 7M urea, 2M thiourea, 20 mM DTT, 0.4% carrier ampholytes and A: 4% CHAPS; B:
2% ASB14; C: 2% C7BzO; D: 2% Brij 56; E: 2% Brij 78; F: 2% _-dodecyl maltoside
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Figure 3



