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STUDIES ON TRlTON X-100 DETERGENT MICELLES * 
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Ttiton X-100 micelle formation at 2S°C was studied by use of sedimentation cquiliirium and fluorescence spectroscopic 
techniquer The apparent molecular weight of the major Triton X-100 micelle was found to be 81250. indicating a micelIe 
number of 125. A micelIe number of 121 was obtained with fbrorescence titration experiments, which showed one motccule 
of t-anilmo-Graphthalene sulfonate binding per mbelle with an apparent as;ochtion constint of 0.9 X 10’ >I. The fluores- 
cent titration experiments also indicated the presence of another TX-100 binding species of variable size. 

Currently, the non-ionic detergent, Triton X-100 
(an isoethyl phenoxy polyethoxy ethanol) is very fre- 
quently used in the isolation and study of membrane 
bound proteins and water insoluble lipids (l-8]. This 
interaction of membrane proteins with TX-100 mo- 
nomers and micelles can be used to yield information 
on the mechanism whereby they are attached within 
membranes [l $1 _ For these reasons, an accurate value 
of the micelIe molecular weight ofTX-100 would be 
useful. Previaus estimations, however, are extremely 
disparate ranging from about 65 000 to 150 000 
[2,8--131. Part of this wide variation may result from 
the different techniques and conditions used. Addi- 
tional factors to be considered are possible changes in 
detergent composition and the dependence of molec- 
ular weight upon concentration expected for a micel- 
lar system. It may be noted that attempting a rigorous 
thermodynamic analysis of the commercially available 
TX-100 preparations is, strictly speaking, ill advised 
due to the distribution of chain lengths 1141. How- 
ever, as most membrane investigators use the prodact 
tithout further purification, and in view of the hck 
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of agreement between reported miceLIe molecular weights 
upon such preparations, a redetermination of the appa- 
rent micelIe molecular weight has merit. This report 
presents such a determination by sedimentation equili- 
brium methods and by fluorescence methods employing 
the familiar probe, 1-aniLinc+S-naphthalene sulfonate 
(ANS). 

2. Materials and methods 

Triton X-100 (TX-loo) was purchased from Rohm 
and Haas and used without further purification. There 
are approximately equal numbers of 10 and 9 carbon 
oxyethylene chains in commercially available TX- 
100. Accordingly, the manufacturer’s suggested average 
monomer molecular weight of 650 for TX-LOO was 
used in all calculations (Rohm and Haas product circu- 
lar)_ The TX-100 was made up (w/v) in 0.01 M sodium 
phosphate buffer, pH 7.0. The magnesium salt of l- 
aniline-8.naphthalene sulfonate (ANS) was prepared 
from the ammonium salt and recrystallized twice from 
distilled water. Concentrations of stock soiutions were 
determined spectroscopically using a Car-y Model 14 
spectrophotometer at raom temperature. An extinction 
coefficient for ANS of 5000 cm2/mole at 3.50 nm was 
employed in all calculations [ 151. 
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Weight-average rnolecuLar weight studies were per- 
foimed at 25°C using the Beckman-Spinco Model E 
analytical ultracentrifuge. The patterns were photo- 
graphed on either Kodak metallographic or II G plates 
and the images read on a Nikon Model 6C profile pro- 
jector. At TX-100 concentrations below 1 mgfml, mo- 
Secular weights were calculated using the meniscus de- 
pletion technique of Yphantis [16] with interference 
optics. Even with 7 mm solution columns and using 
the highest speeds practicable, the low monomer mo- 
lecular weights were.cafculated using the meniscus de- 
tion at the meniscus. Since layering cells were used in 
the depletion techniques, Fringe shift at the meniscus 
and hence meniscus concentration could easily be fol- 
lowed as equilibrium was obtained (< 24 hours). The 
resulting cortection was minimal and had little effect 
upon calcuiated molecular weights at the higher con- 
centrations. At detergent concentrztiorrs greater than 
I mg/ml, the Yphantis small column method was used 
[17] with both Schlieren and interference optics. Mo- 
Iecular weights were calcuIated as before [ 181 except 
that calculations were carried out on a Wang 2200-B 
calculator. 

A value of 0.9 16 mlfg was used for the partial spe- 
cific volume (3) of TX-100 (I 1). At TX-100 concen- 
trations greater than I%, the Co Schheren pattern be- 
came so large that by the time diffusion had decreased 
the peak height to a measurable size, the base Iine had 
become curvilinear, We overcame this difficulty by 
layering I% TX-100 on top of 2% TX-100 and adding 
the 1% Co va!ue to the differential value. This procedure 
cf layering the lower concentration to the next higher 
concentration was successful as evidenced by the fact 
that a plot of Co versus concentration was linear from 
0% to lCE6TX.100, with a correlation coefficient of 
0.999. With Schlieren optics, Co was found to equal 
7-22 x LOW3 cm2/m&nl TX-100 for ah 80° bar angle 
at 25OC. With interference optics, Jo was fotrnd to 
equal 2.855 fringes/mg/ml at 25°C. 

2.2. Fiuorescence studies 

Fluorescence measurements (25’C) were performed 
using an Aminco-Bowman uncompensated fhtorometer 
with a 15 run band pass. The fluorescent emission was 
corrected for ANS absorption [ 181 and for dilution ef- 

fects, The amount of ANS bound to TX-100 mice&s 
in rhe fluorescence studies was calcuIated in the follow- 
ing manner: E,, , the maximum fluorescence occurring 
for a quantity of totally bound dye was determined by 
measuring the fluorescence (E,,! of 1.12 x LOm5 M 
ANS in the presence of a iO% (W/V) sohition of TX-100 
and/or by titrating a I .2 X 10ws M ANS solution with 
TX-100 and plotting 1IFversu.s ~~(TX-~OO~_ The inter- 
cept at the ordinate is I fE,,. The estimates by the 
two techniques agreed within S%_ The bound ANS 
(AN&) was then calculated using the relation ANS, = 
F#$u;Ly~l -2 X I Ows) where Fwas the observed fluores- 
cence for any given total ANS concentration. Instru- 
ment settings were maintained constant for any Em;ty 
determination and Ruorescent titration. 

Fluorescent lifetimes (25°C) were measured using a 
TRW Model 3 1A spectral source and decay time com- 
puter employing Corning fdten # 9863 and + 3385 to 
isolate the exciting and emission bands, respectively_ Re- 
ported values were the average of at least twenty readings. 
We initially assumed that the lifetimes measured re- 
present only one binding domain. As wiiI be seen below, 
the validity of this assumption is not critical to our con- 
clusion. 

3, Results 

3.1. Sedimerrrar,Con equilibrium srudies 

T&e attainment of sedimentation equiiibrium in the 
smali column runs were determined by following the 
height of rhe Scbheren gradient with time [17] _ For a 
1% solution of TX-103, equilibrium was attained in 64 
minutes. AR equilibrium time determination of 10% 
TX-l 00 agreed with this value. In general, however, 
photographs were taken after much longer times of 
speed - circa three hours. Fig I shows the variation 
of&f with total TX-I&~ concentration. The data 
was t?&?~nalyzed assuming that the self-association of 
TX-100 could be represented a~ a monomer--rr-mer 
equtibrium with the monomer and n-mer having the 
same partial specific volume- For an ideal monomer- 
n-mer association, the dependence of the molecular 
weight on concentration is described by eq. (1): 

MvJ = n’r (Cl t ?rxTp; )[c. (1) 

The nonideahty apparent in fig. 1 can be corrected by 
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The intrinsic self-association constant k is thus equal 
for all the endless number of association steps. Program- 
ming eq. (4) (carried out for n = 1 to 50 000) * and the 
appropriate analogues of 1 and 2 we attempted to fit 
an isodesmic association to the data of fig_ I_ We failed 
to make a satisfactory fit (chiefly at low detergent con- 
centration) due to the molecular weight lowering effect 
of low degree n-mers (dirners, trimers, quatramers, etc.). 

We finally tried a situation in which the main mi- 
celle (rz = 125) dimeriies. Eq. (5) describes this system: 

where K is the micelhzation constant, M2 is the dimer 
molecular weight, Kz is the dimerization constant and 
the other symbols have their previous meanings. With 
K = 2 x 1Oa7 and K, = 6 x log4 and the virial coeffi- 
cient f the same as in the simple monomer-micelle case, 
a fit slightly Iess perfect than for the simpie micelle 
case is obtained. More complicated cases did not fit as 
well. While a straightforward isodesmic association can 
bz ruled out, the choice between a simple monomer- 
n-mer association, a monomer--n-mer association fol- 
lowed by further self-association of the n-mer or fur- 
ther slow growth of the main micelie may be difficult_ 
However, the fit of the simple monomer--n-mer case 
is superior to all these possrbilities. Expressing goodness 
of fit as the minimum of sums of squares of error be- 
tween cakulated model data and experimental data, the 
monomer--n-mer case always fits better by 5% to 10% 

3.2. Fluorescence studies 

As an alternate means of determining the apparent 
micelle size we utilized the dye ANS. In aqueous solu- 
tions, ANS fluoresces only in environments where wa- 
ter moderated quenching conformations cannot be at- 
tained_ In this connection, Rubalcava et aI. have shown 
that ANS fluoresces when added to TX-l 00 solu- 
tions [21] _ The fluorescence accompanying penetration 
of the dye into the interior of the micelle can then be 
used as a method of directly assaying micelle size. With 
E 

TX-100 with ANS yields fluoresoertt data as a function 
of ANS concentration from which the required data for 
the Scatchard equation [22] are obtained. Fig. 2 shows 
an experiment from which I$.,.,~ can be obtained. Note 
that the rate of fluorescent emission increase begins to 
level off at about 1% TX-100 (paralleling the molecular 
weight results). Accordingly, we performed several ti- 
trations of 1% TX-100 by ANS. A typical Scatchard 
analysis is shown in fig_ 3 which is a plot of R/C versus 
R. R is moles ANS bound/mole TX-100 (TX-100 ex- 
pressed as monomer concentration), and C is free AN!& 
The x axis intercept at R/C= 0 is n, the maximum value 
of R. The slope is --K, the association constant. For five 
such titrations tire average value of l/n (moles of TX- 
1OOjmole of ANS, i.e_, the micelle number) was 121 + 
2.5. The average K was 0.9 x lo5 f 0.4 x 10’. By com- 
parison, Rubalcava et al. [21] report a higher micelle 
number of 200 and an association constant similar to 
ours. Fluorescent titrations at 5OC and 40°C show little 
change in tz at 5°C but about a 10% decrease at 40°C. 
(These values are corrected for the decrease in quantum 
yield of ANS at 40°C by means of a 5°C or 40°C Err,, 
determination). The above titrations were carried out 
at levels of ANS reaching IS X 105. If the titrations 
were repeated using ten fold lower concentrations of 
ANS, curvilinear Scatchard plots resulted. One portion 
of the line extrapolated to a micelle number of 129_ 
The more severely sloping portion yielded a value of 
n equal to 6.7 x lo4 and a K of 4 x 105. SimiIar results 
were obtained for 5% and 10% TX-100 solutions ai- 
though in these cases the extreme values of n reached 
about 1 to 2 x 105. Rubalcava et al. [21] did not report 
such studies. We do not place any reliance on the abso- 
lute values of the higher values of n in view of the ease 
with which difference intercepts could be drawn. How- 
ever, in alI titrations of this type, curvilinear behavior 
and n values of similar magnitude were noted. This ap- 
parent variation in n with TX-100 concentration and 
temperature is accompanied by significant changes in 
the interior of the micelles as is reflected by changes 

in the fluorescent lifetime of ANS (table I). 

max (see section 2) known, titration of a solution of 

4. Discussion 

*In principlen hasno limitbutemployingvaluesafn > The ultracentrifuge and fluorometric results leave 
50 000 had no detectable effect on the calculations 

t The virial coefficient was oIx.ained via curve fitting. 

little doubt that the chief micelle species (at least up 
to 1% TX-100) is one with a micelle number of about 
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Fig. 2. Plot of relative fluorescence at 495 nm zqainst TX-LOO concentration [ANSI = 1.2 X 16’; excitation wavelength = 380 rim_ 
The insert shows the data at TX-LOO cancentxation of 0.1% and below. Buffer a~ in fE 1. 

125. This conclusion is in excellent agreement with the 
recent sedimentation and diffusion results of Yedgar 
et al. [2] carried out at 20°C. However, Lewis et al. 
[8] report a value of 65 520 at 5°C suggesting a pos- 
sible temperature dependence of the micelkation pro- 
cess. 

Under particular conditions, the fluorometric data 

Table L 
f3~0rescentlifeime measurementsa) 

I TX-100 Temperature (“0 r (nanoseconds) 

0.0116 20 2.6 + 0.5 

0.33 20 2.8 = 0.5 

1 5 3.9 c 0.4 

L 20 3.3 + 0.4 

r 40 1.8 + 0.3 

5 20 3.4 2 0.2 

10 20 29 c 0.2 

=) [ANSI = 1.22 K lp M. 

indicates the TX-100 system to be complex. The ex- 
ceedingly large 11 values obtained fluorometrically at 
low ANS concentrations are difficult to interpret as 
super micelles with molecular weights in the millions 
would result. Such species are not indicated by the 
centrifuge results and therefore could exist only in 
small amounts. An alternate explanation is the presence 
of a small amount of high molecular weight impurity 
which can bind ANS relatively tightly as compared to 
TX-100 micelles. If such species are present in small 
concentrations, titrstions at high ANS levels woutd 
fail to reveal them. 

The slight variation in II withTX-103 concentration 
is diffkult to explain in the above context, however. 
Possibly, there are concentration dependent changes 
taking place in the geometry and configuration of the 
micelle which effect the micekle interior. A micelIe 
geometry in which ANS binds with lowered quantum 
yield would be consistent with the lifetime changes 
shown in table I. The drop in 7app as the concentration 
is lowered from 1% TX-100 almost certainly reflects 
the increasing presence of lower order or incompIete 
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Fig 3. Scatchard plot resuIting from the titration of 1 70 TX-100 by ANS. Buffer as in fig. 1. T = 2S°Cc. 

(leaky) micelIes_ In such miceUes, the aqueous quench- 
ing formation of ANS is apparently more easily ob- 
tained. The srnali drop in r aPF at fO%TX-100 may 
then indicate the existence o a different geometry 
micelle which is more stable at high TX-100 concen- 
trations 123; and in which the ANS binding domain 
is susceptible to quenching conformations/conditions. 
These results suggest that fluorescent lifetime measure- 
ments of micelle bound d.ye may be useful tools to 
probe the interior of micelIes_ Further, the data pre- 
sented here indicate that simple association schemes 
may only be adequate to fit data obtained at relatively 
low concentrations and that wide concentration range 
and temperature studies be undertaken Friar to select- 
ing an association scheme for TX-100 micelle forma- 
tion. 
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