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1. Introduction 

Outer membrane protein O-8 (identical with 
lb [ 11, lb [2] and c [3]) of Escherichia coli is a matrix 
protein specific for K-12 [4]. This protein exhibits a 

strong interaction with the peptidoglycan layer even 
in the presence of sodium dodecyl sulfate (SDS) 
[5-71, and is thought to play a central role in the 

assembly of the outer membrane on the peptidoglycan 
layer [8]. This protein was purified in SDS solution 
[9]. The purified O-8 is functionally active as a 

component of the receptor for phage T4 [lo]. 
We have studied the physico-chemical properties 

of O-8 in SDS solution and determined its molecular 

weight. The protein exists as a trimer in SDS solu- 
tion unless it is heated. Furthermore, the trimer is 
stable in a SDS solution containing 8 M urea. 

Anomalous migration behavior of O-8 on urea-SDS 
polyacrylamide gel electrophoresis was also studied. 

2. Materials and methods 

2.1. Outer membrane protein O-8 
Protein O-8 was purified to homogeneity from 

E. coZi YA21 (K-12, met leu F- X-) as in [79]. The 
amount of O-8 was determined by dry weight 
measurement after removal of SDS by acetone 
extraction [ 1 l] and dialysis. Heat-treatment of the 
protein was carried out in 1% SDS at 100°C for 

5 mm. 

2.2. Sedimentation analysis 
Sedimentation equilibrium and velocity experi- 

ElsevierjNorth-Holland Biomedical Press 

ments were carried out at 0.4 mg protein/ml with a 
Hitachi UCA-1 ultracentrifuge equipped with an 
ultraviolet absorption scanning system. Either 

buffer A or buffer B was used. Buffer A contained 
0.1 M sodium phosphate @H 7.2) 0.04 M NaCl, 0.1% 
SDS and 0.02% sodium azide. Buffer B was the same 
as buffer A except that it also contained 8 M urea. 

2.3. Binding of SDS to protein 
The amount of SDS bound to O-8 (1.5-5 mg) was 

determined by a gel fntration technique based on the 
method in [ 121. A Sephacryl S-200 column 
(1 X 43 cm) equilibrated with buffer A or B was 
used. Protein was determined by the Lowry method 
[ 131, using pure O-8 as standard. The amount of 
SDS was determined as in [ 141. 

2.4. Crosslinking 
Protein O-8 was crosslinked in SDS solution with 

dimethylsuberimidate as in [ 151. Crosslinking was 
also carried out after addition of 8 M urea. Cross- 

linked samples were desalted by dialysis against 1% 
SDS and analyzed by SDS-polyacrylamlde gel 
electrophoresis in the presence of 8 M urea as in 
[ 161 with 4% polyacrylamide. 

3. Results and discussion 

3 .l . Purified O-8 exists as a trimer in SDS solution 
Physico-chemical properties of O-8 were studied in 

buffer A or B at SDS concentration above the critical 
micellar concentration (0.1%) at 25’C. They are 

summarized in table 1. 
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Table 1 
Summary of physico-chemical properties of O-8 before and after heat-treatment in 

SDS solution 
--- 

SDS bound/g M(l -@‘P) Molecular Sedimentation Stokes 
protein weight coefficient radius 

@D) g (M) (s) x lo-” s (Rs) A 

April 1979 

Nontreated 0.63 (0.2) 4.3 x lo4 121000 7.4 53 
Heat-treated 1.30 (0.72) 1.7 x lo4 38 000 3.0 51.5 

-- .--__- 

All determinations were carried out in buffer A, except those in parentheses that 
were in buffer B 

The molecular weight (JW) was determined from 
the following equation [ 171: 

J/f= 2RT - dlnc 

w2(1 - @‘p) dr2 
(1) 

where o is the radial velocity of rotation, p is the 

density of the solvent, and #’ is the effective partial 
specific volume of the protein. The factor 1-4’~ of 

the equation can be replaced by 1 -iJ# t AD( 1 -ij@) 
according to [ 171, where i7P is the true partial specific 
volume of the protein, GD the partial specific V&me 

of SDS, and 6, the amount of SDS bound to the 
protein. The values of M( 1-4‘~) of O-8 before and 
after heating in SDS solution were determined by 
sedimentation equilibrium to be 4.3 X lo4 and 
1.7 X 1 04, respectively. The amount of SDS bound to 
native O-8 was 0.63 g/g protein. This amount was 
considerably smaller than that observed with a wide 

variety of proteins (1.2-1.5 g/g protein [I 81). Upon 
heating in SDS solution, the amount was increased to 
1.30 g. The density of the solvent (buffer A) was 
determined to be 1 .Ol g/cm3. The true partial specific 
volume of O-8 was calculated to be 0.712 cm3/g from 
the amino acid composition [ 1 I ] as in [ 191. The 
partial specific volume of SDS of 0.87 cm3/g was 
employed [ 171. 

From these data, the molecular weights of O-8 before 
and after heating in SDS solution were calculated to 
be 121 000 and 38 000, respectiveIy. The former is 
about 3 times the latter. Providing that O-8 after 
heating in SDS solution is a monomer, we concluded 
that purified O-8 is a trimer. This conclusion is con- 
sistent with the finding in [ 1.51, where a crosslinking 
study suggested that the matrix protein of E. cc& B 
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and protein I of E. coli K-f 2 (a mixture of O-8 and 
O-9) exist in the outer membrane as trimers. Recently, 
it was also shown by sedimentation analyses that the 
matrix proteins ofE. coli B and Salmonella typhimurium 
exist as trimers (Nakae, T. personal communication). 
A molecular weight of 38 000 has been estimated for 
O-8 after heating in SDS solution, from the nligration 

position on polyacrylamide gel [9]. 

As shown in table 1, Stokes radii (R,) of the O-8- 
SDS complexes before and after heating in SDS solu- 
tion were calculated from sedimentation equilibrium 
and velocity measurements to be 53 A and 5 1.5 a, 
respectively, according to the following equation [ 17’1: 

s = Ml - @‘PII 
6nqNR, - 

where N is Avogadro’s number and n is the viscosity 
of the solvent. It is assumed that R, is generally a 
linear function of the inverse error function, erf-*, 

Of 1 -k’D [20]. Partition Coefficients (KD) Of o-8 and 
standard proteins complexed with SDS were deter- 
mined by the gel filtration technique, and Stokes radii 
of standard protein-SDS complexes were taken from 
] 17,211. As shown in fig.1, standard protein obeyed 
the assumption. On the other hand, protein O-8, 
particularly before heating, behaved anomalously, 
being eluted faster for its R, value. Fibrous proteins 
were indicated [22] to be anomalously retarded in gel 

~ltration. The end-on insertion of them into the gel 
pores that contributed to the retardation was 
discussed. It is assumed that in SDS solution proteins 
are generally unfolded [ 23,241. Therefore, the faster 
elution of the O-8 trimer-SD-S complex for its R, 
value is most likely the reflection of a highly folded 
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Fig.1. Chromatography of protein O-S on Sephadex G-200 
column (2.5 X 95 cm) in SDS solution (buffer A). The 
sample was dissolved in 2% SDS-l% 2-mercaptoethanol 
solution and applied on the column. Stokes radii of protein- 
SDS complexes were plotted as described in the text. A bbre- 
~j~rjo~s~ 0-SH,heat-treated O-8 monomer; O-8N, non-treated 
O-8 trimer. Standard proteins: a, bovine serum albumin; 
b, catalase; c, ovalbumin; d, chymotrypsinogen A; 
e, fl-lactoglobulin; f, hemoglobin; g, lysozyme. 

structure of the O-8 trimer in SDS solution. This is 

consistent with our previous observation that the 
structure of major outer membrane proteins including 
O-8 is stable even in SDS solutian [9,25]. 

This conclusion is further supported by the 
following calculation. In general, the frictional ratio 

~/~m~), given by the fo~owing equation, of a 
globular protein is I .1-l .3 in aqueous solution [Z I] 

f = (Wf(l - G’P) 
smin 6?&v7r)f[~(~p + S,l?,>l$ 

The frictional ratios of O-8 before and after heating 
in SDS solution were estimated to be 1.35 and 1.65, 
respectively, suggesting that the trimer has a confor- 
mation close to globular even in SDS solution, while 
the O-8 monomer, after heating in SDS solution, has 
a confo~ation essentially differing from the globular 

and most likely corresponding to a protein with a 
melted structure. 

3.2, Anomalous behavior of O-S trimer on urea-SDS- 
polyacrylamide gel electrophoresis 

The migration velocity of O-8 in SDS-polyacryl- 
amide gel was increased upon heating in SDS solution 
191. This can be accounted for by the dissociation of 
the O-8 trimer to a monomer as discussed above. On 
the other hand, in SDS-polyacrylamide gel containing 
8 M urea, native O-8 migrated even faster than did the 
heat-dissociated protein (fig.2a,2b and [9]). This was 
first thought to be due to the dissociation of the O-8 
trimer to a monomer in the urea-SDS solution. How- 

ever the following crosslinking study showed that O-8 
still exists as a trimer in the urea-SDS solution. 
Protein O-8 was crosslinked in SDS solution and 
analyzed on urea-SDS-gel (fig2c-f). Consistent 

b 

Fig.2. Gel electrophoretic mobility of protein O-8 before and 
after crosslinking. Samples were analyzed by urea-SDS gel 
electrophoresis before (a,c,e) and after (b,d,Q heat-treatment. 
(a,b) Non~ross~mked O-8; (c,d) O-8 crosslinked in 0.1% SDS; 
(e,f) O-8 crosslinked in 0.1% SDS in the presence of 8 M urea. 
1,2 and 3 indicate the position of monomer, dimer and trimer 
of O-8, respectively. 
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with the results in [ 151, after heating in SDS solution, 
three main bands corresponding to monomer, dimer 
and trimer of O-8 were observed, indicating that 
individual O-8 trimers were crosslinked partly or 
totally (fig2d). The crosslinking of O-8 took place 

even in the presence of 8 M urea to the same degree 
(fig.20, strongly indicating that O-8 exists as a trimer 
in the urea-SDS solution. 

The migration behavior of the crosslinked O-8 
before heating in SDS solution should be noted 
(fig2a,c,e). Regardless of whether the protein had 
been crosslinked or not, it migrated even faster than 
the heat-treated monomer O-8. Since these prepara- 
tions were composed of the trimer of O-8, the result 
surprisingly indicates that the O-8 trimer migrated 
faster than the heated monomer. As shown in table 1, 
8 M urea appreciably reduced the amount of SDS 
bound to the O-8 trimer. In addition to the highly 
folded structure of the O-8 trimer, this reduction may 
also have contributed to the anomaly, since the 
smaller the amount of SDS bound, the greater the 
effect of electric charge of protein itself on the 
mobility. 
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