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Abstract : A new class of non-ionic amphiphilic molecules suitable for biological purposes, especially extraction of
membrane proteins, is reported. Such surfactants were prepared in two steps : addition of alkyl or fluoroalky!
mercaptan on Tris(hydroxymethyl)acrylamidomethane (THAM) derivatives, followed by the oxydation of sulfide group
in sulfoxide moiety in order to provide water solubility to the molecule. The detergent efficiency of these new
surfactants were assayed on rat liver cells. © 1998 Elsevier Science Ltd. All rights reserved.

This work is dedicated to the memory of our colleague Dr Marc Toussaint.

The study of the various intramembraneous cell components, especially proteins and /or glycoproteins
requires their extraction from the bilayer. The key-step in this process, the so-called « solubilization » of the
membrane, is achieved by using detergents. In order to allow the selective extraction of different membrane
proteins, without any chemical denaturation, many studies have concentrated on potentialities provided by new
classes of non-ionic surfactant. The preparation of new non-ionic amphiphilic compounds having both high
water solubility and significant detergent efficiency is one of the main problems met in this chemical field.

A few years ago, we showed that telomers obtained by free radical polymerization of
Tris(hydroxymethyl)-acrylamidomethane (named trivially THAM) in the presence of alkanethiol as the
transfert reagent, encompass these properties”” 2. This class of molecules exhibits generally a high water
solubility, interesting detergent properties in terms of extraction of proteins and a low CMC depending upon
the nature of hydrophobic tail. However, these telomers are polydisperse. The monoadduct (DPn=1) is the only
compound of the series to have a precise molecular mass. Unfortunately, it is also the only one to be poorly
soluble in water.

In order to keep the basic architecture of the THAM moiety and increase the water solubility of these
monoadducts it can be considered either to graft a hydrophilic sugar structure on the hydroxyl groups or to
chemically modify the organic sulfide. Works reported herein deal with the synthesis, physico-chemical studies
and biological evaluations of new sulfoxide surfactants derived from THAM (scheme 1). Sulfoxide motety is

known to enhance the hydrophilic character of a molecule.
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A very convenient two step synthesis affords sulfoxide surfactants by using cheap reagents such as
sodium methoxide and hydrogen peroxide. The first reaction, realized in methanol in the presence of sodium
methoxide as a base, allows to perform the thiolate derivative and leads to a Michael reaction with the THAM
monomer. Crystallization in ethyl acetate provides the pure monoadducts 2.

With galactosylated THAM compounds, sodium methoxide in methanol is prohibited because of the
hydrolysis of the acetylprotections. Thus, we synthesized monoadducts 4e (R' = H) , 4h (R' = B-D-Gal(OAc),,
R = C6F13(CH,),), 4j ( R!'=H,R=C4F 17(CH,),) under free radical conditions’ .
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Scheme 1 : Synthesis of sulfoxide surfactants.
Sulfide® Sulfoxide
R RET R [R' | n° [DPn”] cmec (mM)” | n° | cmc (mM)” | Ws. (g/l) |Yield %°
CgH ;- H| H | H - - - 3a 2.67 >10 73
CioHa- H|H|H/ |6 57 0.59 3b 1.1 >10 86
CioHag- Gal | Gal | Gal | 6¢ ( 1 1.0 - - - -
CHjs- H H | H |2d" 4 0.15 3d 0.165 >6 85
C.Hys- Gal| H| H | 6e 1 Ins. .| Se 0.222 >10 81
CpHys- [Gal| H | H [6e”| 56 0.26 - - - -
CieHas- H | H H {6fY| 9.3 0.015 3f 0.011 0.085 74
CeFis-(CHy),| H | H | H |6g”| 54 0.33 3g 0.42 12 75
C¢F3-(CHy), | Gal Gal | Gal | 6h 1 0.2 5h 0.24 >10 84
CgF17(CHy),| H | H | H [6i®]| 5.8 0.03 3i ND 0.025 60
CgF17-(CHy), | Gal{ H | H | 6j 1 Ins. 5j 0.033 >1.5 88
CgFy7-(CH,), | Gal | Gal | H [6k®] 1 0.04 - - - -

a)seeref. 3 - Ws=water solubility. - Ins : Insoluble - ND = No determination-
Gal = f-D-Galactopyranosyl ; DPn = average degree of polymerization = n

b) cmc = critical micellar concentration ;| Fach data is the average of three experiments 1 5%.

c) Yield of sulfide oxidation reaction.

Table 1 : Physico-chemical data of sulfide and sulfoxide THAM derivatives.
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In order to convert sulfides to sulfoxides, the oxydation reaction was performed with hydrogen peroxide
in methanol®. Usually the major difficulty encountered in the preparation of sulfoxides by this method is a
facile over-oxidation to the corresponding sulfones’. In the case of THAM monoadducts this drawback is
avoided simply by choosing a stoechiometric amount of hydrogen peroxide. Here again, the pure sulfoxides 3
were isolated after crystallization. With galactosylated monoadducts, the deprotected compounds Se, 5h, 5j
were obtained after the reaction from mixing methanol and a catalytic amount of sodium methoxide.

As expected, the sulfoxide function strongly enhances the hydrophilic character of monoadducts and
improves their water solubility (Table 1). For example, sulfide 2d is almost insoluble in water (< 2 mg/L), but
the solubility of its sulfoxide analogue 3d is higher than 6 g/L.

Concerning the amphiphilic properties, as we observed previously’, the critical micellar concentration
(CMC) of THAM or galactosylated THAM sulfide derivatives (monomers or telomers) depends almost
exclusively upon the nature and the length of the hydrophobic tail. For instance, the trigalactosylated sulfide
monoadduct 6¢ exhibits the same CMC as that observed with sulfoxide 3b bearing ten carbons itself. The
sulfoxide monoadducts 3f, Se or §j exhibit the same CMC as their telomer sulfide analogue 6f, 6e or 6i
respectively. In the same way, 6h and Sh have a CMC close to 0.2-0.25 mM. Likewise, 6i, 6k and 5j which
bear the same fluorocarbon tail exhibit a CMC close to 0.03-0.04 mM whatever the number of galactose
moieties grafted on the Tris groups. Thus, values of CMC observed are by no means correlated with the size of
the polar head.

The oxidation of sulfide moiety increases the overall water solubility of the THAM surfactants but does
not seem to modify their free energy of micellisation®. Indeed, it is noteworthy that CMC data of the THAM
derived sulfoxides 3 can be linearly correlated to the tail length. The equation where nC is the number of
carbon, being:

Ln(CMC(C) =-0.71 nC + 6.87 (with a correlation coefficient : R*=0.991).
It could be postulated that the sulfoxide group enhances the hydration ratio of the surfactant head, like

THAM telomer, without any alteration of the micellar equilibrium.

The solubilizing properties of these products were assayed on various liver subcellular fractions : cell
membrane and nuclei, mitochondria, microsomes. Table 2 shows the amount of protein solubilized, expressed
as a percentage of the weight of freeze-dried tissue. The results are compared with those obtained with
conventional surfactants such as Triton X100. They deserve the following remarks :

- First, as already observed with the THAM derived telomers, the introduction of a perfluoroalkyl tail on
the sulfoxide surfactant strongly decreases the detergent efficiency. Probably, this kind of hydrophobic-
lipophilic chain could not penetrate into the phospholipidic bilayer.

- Second, it is well known that the detergent efficiency reaches a maximum when the surfactant

concentration is at least equal to its CMC. Among the sulfoxide surfactants, compounds 3a and 3b bearing
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respectively a C8 or C10 hydrocarbon tail show the best efficacy. However, their concentrations (0.1mg/ml)
are much lower than their CMC (1.1 mM ; 0.4 mg/ml in the case of the surfactant 3b). One can reasonably
assume that these detergent efficiencies should increase with the concentration until the CMC is reached.
Unfortunately, the strong detergent activities already observed with concentration of 0.1mg/ml prohibit new
extraction experiments with higher amount of such surfactants. With the other hydrocarbon sulfoxides (3d and
3f), extraction experiments were carried out at a concentration higher than the CMC and their solubilizing
potency is in each case lower than that observed with 3a or 3b. Moreover, it can be observed on table 2 that the
extraction of proteins from membranes by the sulfoxides surfactants depends upon the length of the

hydrophobic chain and seems to reach a maximum efficacy with a C10 hydrocarbon chain.

Comp. R R’ R’ R? Nuclear/ | Mitochondria® | Microsomes®
Membrane™
3a CsHy7 H H H |5545+478 | 69.78 +8.28 70.98 +9.10
3b CioHa H H H [5741+287| 7095+7.24 68.90 + 5.67
3d Ci;Hys H H H |5241+£425| 6562468 62.47+4.10
3f CysHy, H H H [4571+287| 58641578 58411314
3g CeF13(CH,), H H H [2547+441 | 30.28+5.56 32.64+6.22
Triton X100 - - - 62.21+774 | 7487525 7624 +7.72

100 mg of freeze-dried membrane nuclei or 20 mg of freeze-dried mitochondria or microsomes obtained from
rat liver " suspended into 5 ml. of phosphate buffer (0.05 M, pH - 7.4) , containing concentration of detergents
of 0.1mg/mL. The suspension was stirred 30 mn at room temperature, then centrifugated on additional 30 mn at
15000g. Proteins titration was achieved by optical density measurements of solutions at 280 nm.

a) The amount of protein solubilized, expressed as a percentage of the weight of freeze-dried tissue Each daa is
the average of 3 experiments + S[).

Table 2 : Efficiency of sulfoxide surfactants for the extraction of proteins from plasma membrane and
intracellular organelles compared with that of Triton X-100.

One of the main interest of the synthesis reported herein, /e the oxidation of the sulfide and/or THAM
galactosylation, is to allow the easy biological use of low CMC surfactant by enhancing their overall water
solubility. Work is in progress in order to determine if this category of new detergents exhibits selective
solubilization of certain membrane proteins and maintains them in solution. Furthermore, we have shown that
these surfactants could be used in the agrochemical field to increase the efficiency of herbicide or another
biocide’.
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