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Analytical ultracentrifugation studies on proteins in solu­
tions of the nonionic detergent Triton X-100, by means of a 
UV scanning system, can be conveniently performed by the 
following procedure: (1) Scanning of the cells is done at a 
wavelength of 246 nm. (2) The sedimentation of the deter­
gent is prevented by appropriate adjustment of the solvent 
density. (3) The reference cell is filled with water. Reliable 
molecular weight determinations can be performed at de­
tergent concentrations up to 0.4% (w/w) in cells of path- 
length d = 12 mm and at correspondingly higher concen­
trations for d — 3 mm. Approx. 10 ng of protein are suffi­
cient for a determination. The method should be useful for 
studies of membrane proteins.

Introduction

N onionic detergents are indispensible tools in the 
study of m em brane proteins [1—3]. A m ong this class 
of detergents, the polyoxyethylene derivative T riton 
X-100 seem s to  be especially useful, since it is both 
very effective as a solubilizing agent and very mild 
with respect to  the preservation of the functional 
properties of the proteins [1, 3, 4], H ow ever, in 
many biophysical investigations on T riton-sol­
ubilized m em brane p ro teins, the strong U V  absorb­
ance of the detergent (which contains an arom atic 
ring) is a serious draw back. In particular, the UV 
absorbance has h indered studies on the self-associa­
tion of m em brane proteins in solutions of T riton X- 
100, since the most pow erful m ethod available, 
analytical ultracentrifugation  using a U V  scanner, 
apparently  was thought to  be non-applicable (at least 
a t detergent concentrations >  0.05% ). This is unfor­
tunate , as the self-association of m em brane proteins 
in solutions of nonionic detergents is thought to  re ­
flect that in their native m em branes [2, 4, 5].

We have looked for a way of perform ing analytical 
ultracentrifugation experim ents in solutions of T ri­
ton X-100. using the U V  scanning equipm ent of the
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Spinco m odel E ultracentrifuge. We have found that 
such experim ents can be conveniently perform ed if 
scanning of the cells is done at a wavelength of ap­
prox. 246 nm and if sedim entation of the detergen t is 
prevented by appropriate ad justm ent of the solvent 
density. In the present paper, the feasibility and re ­
liability of the m ethod is dem onstrated  by sed im enta­
tion equilibrium  experim ents on a hom ogeneous p ro ­
tein com plex, tetram eric glucose dehydrogenase 
from Bacillus m egaterium  [6], A pplication of the 
m ethod to the study of the self-association of a m em ­
brane protein , band 3 protein from hum an ery th ro ­
cyte m em branes, has already been reported  [7],

Materials and Methods

Glucose dehydrogenase from  Bacillus m egaterium  
was a kind gift from Dr. E . M aurer, S tuttgart. For 
the purification and storage of the enzyme see [6, 8] 
and references cited therein. Before use, it was dial- 
yzed against 100 mM sodium phosphate (pH  6.5), 
500 mM NaCl. The enzyme is tetram eric and fully 
active in this solvent [6, 8, 9]. F or the ultracentrifuge 
experim ents, the samples w ere diluted by the same 
buffer plus a volume of analogous buffer m ade up in 
D 20  such that the final D 20  concentration of the 
samples was 59% (v/v) (see below). P rotein concen­
tration was determ ined photom etrically  [9].

Triton X-100 (“peroxide-free”) was purchased 
from B oehringer M annheim . D 20  (99.7% ) was a 
kind gift from  the K arlsruhe N uclear R esearch 
C entre. Solutions were freshly prepared  before use.

Analytical ultracentrifugation was perform ed in a 
Beckm an Spinco model E  u ltracentrifuge equipped 
with UV scanning system, m onochrom ator, m ulti­
plexer and tem perature control unit. E pon double 
sector cells of pathlength d =  12 mm and single sec­
to r cells of d =  3 mm (4°) w ere used in com bination 
with an A n-G  Ti rotor. Sam ple volume was 150 1̂ 
(d  =  12 mm) or 75 \x\ (d =  3 mm). The reference 
sector/cell was filled with 170/85 1̂ H 20 .  R o to r tem ­
perature was 10 °C. In the sedim entation equilibrium  
runs, ro tor speed was 15,000 rpm , which resulted  in 
c(r)-profiles of the meniscus depletion type. 
Sedim entation equilibrium  was reached after ap ­
prox. 24 h. A bsorbance-versus-protein concen tra­
tion data were obtained, at 40,000 rpm , from  the 
difference of the absorbance values near the m enis­
cus before and after the pro tein  had m oved out of 
this region. M easurem ents of solvent density were
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m ade using a D M A  0 2  C digital densitom eter (A n­
ton Paar, G raz).

Results

The U V  absorbance spectrum  of T riton X-100 
shows a pronounced maximum around 276 nm, the 
w avelength range in which standard u ltracentrifuga­
tion experim ents on protein  solutions by means of 
absorption  optics are perform ed. A t 280 nm, the ab­
sorbance of T riton  X-100 is approx. 20. In the 
range of T riton  concentrations typically used for 
studies on m em brane proteins, 0 .3—0.5% , ultracen­
trifugation experim ents will therefore not be feasible 
even with cells of path length  d =  3 mm. However, 
around  246 nm , the absorption minim um  of Triton 
X-100, the absorbance of the detergent is lower by a 
factor of approx. 10, w hereas the absorbance of a 
typical p ro tein  is reduced only by a factor of approx.
2. A t tha t w avelength, which is within the operating 
range of the U V  scanning equipm ent of the Spinco 
m odel E  analytical ultracentrifuge, ultracentrifuge 
experim ents on protein  dissolved in Triton X-100 
w ould therefo re seem  feasible.

The micelles of T riton  X-100 have a particle 
weight of approx. 90,000 D alton [1] and a partial 
specific volum e of approx. 0.91 ml/g [2], In normal 
buffers, the ir absorbance will thus contribute in a 
com plex way to the absorbance-versus-radius pro­
files A (r)  ob ta ined  from  ultracentrifuge experim ents. 
H ow ever, the sedim entation  of the micelles can be 
prevented  by ad justm ent of the solvent density, by 
addition of D 20 ,  to the point where it m atches the 
buoyant density of the detergent. This will reduce 
the contribution  of protein-free detergent micelles to 
y4(r) to  a constant background. In addition, it will 
cancel the contribution  of protein-bound detergent 
to  the apparen t m olecular weight of the protein [2 ,5 ,
10]. W e have found tha t the solvent density neces­
sary to  prevent sedim entation of T riton  X-100 de­
pends on buffer com position and tem perature . For 
each experim ental condition, the content of D 20  
needed  for exact density adjustm ent was therefore 
determ ined  from  ultracentrifuge runs on T riton/buf­
fer m ixtures with different D 20  concentrations.

The dependency of A  A , the contribution of the 
pro tein  to  total absorbance >l(r), on protein  concen­
tra tion  c is shown in Fig. 1. The dependency is linear, 
in accord with the law of Lam bert-B eer. Thus it is 
not affected by stray light, despite the high back­
ground due to  the absorbance of the detergent. A

Fig. 1. Contribution A A  of glucose dehydrogenase to total 
absorbance at 246 nm versus protein concentration. The 
concentration of Triton X-100 was U.3%, and the path­
length 12 mm. The different symbols refer to different 
ultracentrifuge runs.

filter effect caused by the shape of the de terg en t’s 
absorbance spectrum  and its high m axim um  absorb­
ance may contribute to this behaviour. It should be 
noted  that the data did not follow L am bert-B eer’s 
law if the reference cell contained, instead of w ater, 
T riton X-100 at the same concentration  as the sample 
cell.

Plots of In c versus r  derived from  sedim entation 
equilibrium  experim ents on glucose dehydrogenase 
are shown in Fig. 2. The experim ents w ere per­
form ed in cells of pathlength  d =  12 m m , at concen­
trations of T riton X-100 betw een 0 and 0.4%  and 
at initial p rotein  concentrations betw een 75 and 
225 i^g/ml (which, in the range of r which can be 
evaluated reliably, led to  local protein  concentra­
tions c(r) of up to  600 pig/ml). The initial p ro tein  con­
centration of 75 ng/ml was the lowest one for which 
reliable data could be collected; it corresponds to
11 pig pro tein  per cell3. All plots yielded straight

a As a soluble protein, glucose dehydrogenase will prob­
ably bind at most a few molecules of Triton X-100 per 
polypeptide chain [2]. The large amount of Triton X-100 
bound by intrinsic membrane proteins will increase the 
absorbance of the protein-detergent complex and thus 
enable its detection at lower protein concentration [13].
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Fig. 2. Plots of ln AA versus r2 
from Sedimentation equilibrium 
runs on glucose dehydrogenase (a) 
at an initial protein concentration 
of 120—160 (xg/ml and different 
concentrations of Triton X-100 
(indicated in % (w/w)), and (b) at 
a Triton concentration of 0.3% 
(w/w) and different initial protein 
concentrations (in ng/ml). Cells of 
pathlength d = 12 mm were used.

lines. From  the slopes of the straight lines ob tained 
in the absence of T riton  X-100, we found M r( l —vq0) =  
21,500 ±  300 (n =  5). T ogether with q0 =  1.092 g/ml 
and v = 0.741 ml/g (as derived from  the am ino acid 
com position of glucose dehydrogenase [8]) this yields 
M r =  112,700 D alton. If v is corrected  for the influ­
ence of tem peratu re  according to  [11], which results 
in v =  0.734 ml/g, we obtain  M r =  108,300 D alton. 
B oth values agree well w ith the m olecular weight 
derived from  am ino acid sequence analysis 
(4 x 2 8 ,3 5 0  =  113,400 D alton). The slopes of the 
straight lines found in the presence of T riton X-100 
consistently exceeded the average value found w ith­
out detergent by approx. 10% and yielded 
M r( l - v 0 o) = 23,800 ±  600 (n =  9). The sam e b e­
haviour was observed w hen, at initial protein  con­
centrations of 300—600 ng/ml, T riton  concentrations 
betw een 0.4 and 1.0%  were used in cells of p a th ­
length d =  3 mm (data not show n). The differences 
betw een the data from  T riton-free and T riton-con­
taining samples can, how ever, be fully explained by a 
change in the partial specific volum e of the enzym e: 
a change to v =  0.724 ml/g, which w ould yield the 
correct M r, is within the range observed when add i­
tional com ponents (e.g. ligands) w ere added to a 
protein solution [11, 12]. A  12% increase in 
M r( l  — vQ0) has also been found for m onom eric AI 
protein from serum  high density lipoprotein when

the protein was transferred  into solutions of the 
nonionic detergent L ubrol WX [10]. The da ta  of 
Fig. 2 thus dem onstrate the reliability o f our 
m ethod.

Discussion

A nalytical ultracentrifuge studies by m eans of a 
U V  scanning system on proteins dissolved in T riton 
X-100 have already been described by o thers [4, 13]. 
H ow ever, in these studies the concentra tion  of free 
T riton X-100 (m onom eric plus m icellar) was only 
0.015—0.04% , and the problem  of sed im entation  of 
the detergent micelles was not considered. The p res­
ent paper describes a practical approach to  the study 
of the sedim entation properties of pro teins at much 
higher concentrations of Triton X-100, as necessary 
for m any biochemical studies. It shows tha t, despite 
the strong U V  absorbance of the detergen t, reliable 
m easurem ents can be m ade with the com m ercial ver­
sion of the UV scanner of the Spinco m odel E analy t­
ical ultracentrifuge and com mercial cells. D etergen t 
concentrations of up to  0.4%  can be used in cells of 
path length  d =  12 m m , and correspondingly higher 
concentrations at d =  3 mm. Thus, the whole range 
of detergent concentrations used in studies on m em ­
brane proteins can be covered. A pprox. 10 ng of 
protein  are sufficient for a reliable determ ination  of
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M t. The evidence presented  in this paper is based on 
sed im entation  equilibrium  experim ents; it is, how ­
ever, obvious tha t it can be applied also to sedim en­
ta tion  velocity runs.

A ccording to  Fig. 2, T riton X-100 does not affect 
the  state o f association of glucose dehydrogenase. It 
seem s w orth  m entioning that this finding adds addi­
tional support to  the assum ption that nonionic de te r­
gents do no t significantly pertu rb  protein-protein 
in teractions [1, 2, 4],
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