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An immunologic attempt to localize the affected region 
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The effect of Mgz’ ions on the conformation of G-actin and in particular on the accessibiIity of its antigen& 
regions has been tested. Experiments were performed with G-actin coupled to Sepharose 4B which was, 
therefore, maintained in the monomeric state. The results presented her show that the 2mM MgCl,-per- 

turbed antigenic site is located in a central region of the actin sequence. 

Actin Proteolysis 

Studies of actin ~~~rn~r~sa~~on in vitro show 
that a stable and monomeric conformer of actin, 
unable to polymerise in the absence of salts, 
undergoes, in the presence of 100 mM KC1 [l-3] 
or 2 mM Mg*+ [4-61, structural transitions which 
promote filament formation when a critical con- 
centration of actin [7] is reached. Thus, Frieden et 
al. 141, after 1,5-I-AEDANS labelling of actin, 
describe a fluorescence enhancement upon Mg2+ 
binding which correlates with a conformational 
change of the actin monomer. Furthermore, we 
have shown in a previous study IS], that actin 
monomers undergo a drastic decrease of antigenie 
reactivity in the presence of 2 mM Mg”. 

Here, we attempt to localize the conformational 
changes which affect antigenic structures of actin 
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Abbreviations: OxA, performic acid oxidized actin; 
ArA, trinitrophenyiated actin; 1 ,5-I-AEDANS, N- 
~odoac~tyl-N-(5-sul~o-~-naphthyi)ethy~~n~di~~ne~ IgG, 
imm~noglobu~in G 

Antigenic site MgJ+ 

and to distinguish between a global effect or a 
localized structural modj~ca~ion. 

2. METHODS 

Rabbit muscle actin was prepared as in [9]. An- 
tisera directed towards performic acid oxidized, or 
trinitraphenylated unfolded actins, and trinitro- 
phenylated F-actin were obtained as in [lo, 111. 
The various antibodies were purified by affinity 
chromatography on immobilized actin [lo]. Pro- 
tein concentrations were determined spectrophoto- 
metrically f 11,12]. Actin was cleaved into an actin 
core of 33.5 kDa by trypsin digestion I13j. Protein 
fragments were purified by preparative electro- 
phoresis and by electrophoretic e&ion with an 
Disco sample concentration model 1750. C- and N- 
terminal sequences were determined by means, of 
carboxypeptidase Y [14] and automatic Edman 
degradation [ 151. Peptide transfer from SDS slab 
gel electrapharesis [16] to nitrocellulose sheets 
(0.2pm) was performed as in [17]. F-actin was 
specifically labelled at Cys-374 using a 10 molar ex- 
cess of 1 ,S-I-AEDANS [18]. G-actin in 2 mM Tris, 
0.t mM CaQ, 0.2 mM ATP buffer fpH 8.5) was 
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linked to Sepharose 4B using cyanogen bromide 
activation [19]. Unsolubilized G-actin (2 mg ac- 
tin/g gel) completely inhibits DNase I in a molar 
ratio interaction of about 2. 

3. RESULTS 

In a preliminary report [ Ill, we have shown that 
the different fragments derived from a partial 
hydrolysis of actin by S. aureus V8 protease were 
diversely recognized by antibody populations 
derived from OxA and ArA antisera. Thus, we im- 
proved the proteolysis of actin under conditions in 
which the yield of cleavage products is enhanced. 
This allows selective purification of major 
fragments. 

3.1. s. aureus v8 protease ckavage 

Selective digestion of actin at glutamyl residues 

a b C 
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[20] by S. aureus VS protease was carried out under 
unfolding conditions. As presented in fig. 1, the 
presence of SDS in the reaction mixture increases 
the yield of actin cleavage products. High SDS 
concentrations (~2070) led to a rapid inactivation 
of the protease. 

The standard procedure chosen was: 2 mg actin 
incubated in 1 ml of 1% SDS, 50 mM Tris, 2 mM 
MgC12 buffer (pH 7.8) with an enzyme/substrate 
ratio of l/50 (w/w) at 25°C. The S. aureus VS pro- 
tease first releases two major fragments of 26 and 
16 kDa, respectively, which are further degraded 
(fig.2). Thus, another fragment of 19 kDa appears 
more slowly (fig.2). 

The C-terminal fragment was identified after 
specific labelling at Cys-374 by a fluorogenic 
reagent (see section 2). The labelled protein was 
submitted to S. aureus VS protease action and the 
hydrolysate analyzed by SDS slab gel elec- 
trophoresis. As shown in fig.2, residual actin and 
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Fig. 1. Cleavage of actin by S. aure~s Vs protease. Effect of SDS concentration. Actin (2 mg/ml) (a) was incubated in 
50 mM Tris, 2 mM MgClz buffer (pH 7.8) in the presence of SDS (b, 0%; c, 0.1%; d, 0.5%; e, 1%; f, 2%) at 25°C 

for 1 min (l), and 6 min (2) with protease (0.04 mg/ml). 
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the I6kDa fragment were only detected under UV 
light. This fragment, then, can be identified as the 
C-part of the protein. 

The N-terminal fragments were identified by an 
imm~~ologicaI approach. The anti-trinitrophen- 
yfatcd F-a&n antiserum presents the specificity 
shown in fig.3a and b. As presented in this figure, 
antibodies react with actin but not with the tryptic 
actin core lacking the end terminal sequence l-62 
of actin [13]. These antibodies, directed towards 
the N-terminal part of actin presen’t a reaction with 
both 26 and 1PkDa fragments. This result shows 
that these two fragments would include at least 
a part of the 1-62 sequence. Furthermore, when 
the modification of cysteinyl residues by 1,5-I- 
AEDANS was conducted under more drastic con- 
d~tions (fig.3~) than those described above, the 
f9-kDa fragment, as weIf as the 26kDa fragment, 
dsu became fluorescent. As Cys-10 is the only 
thiol group accessibfe in the N-terminal part of 

native actin [21], it is obvious that the two peptides 
(26- and IQ-kDa fragments) include this residue, 

The major site of cleavage in the primary struc- 
ture was determined after fragment isoiation The 
I&kDa fragment containing Cys-374 was submit- 
ted to automatic Edman deviation. Its N- 
terminal amino acid sequence is Met-AI~~T~~“A~a. 
This sequence corresponds to about 95% of the 
analyzed material. Another sequence (2% of the 
material) is Asn-C&r-Met-Ala which corresponds 
to an overlap of the major component. We can 
conclude that the main cleavage occurs at Glu-226. 
The digestion of the second and corn~le~~~tar~ 
fragment (2~~k~a fragment) by c~boxype~tid~~ 
Y releases Glu, Asn and some Phe, which conforms 
the postulated deavage site. A secondary and 
minor cfeavage site could be ten~tiveI~ Iocated at 
GIu-I67 according to the size and the N-terminal. 
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Fig.3. Identification of N-terminal fragments in S. 
lzureus Vs protease digest of actin. (a) SDS - 15% 
polyacrylamide slab gel (Coomassie blue coloration). (b) 
Electrophoretic replicates reaction with the anti- 
trinitrophenylated F-actin antiserum, (1) 3. GIW?US VS 
protease digest, (2) tryptic digest. (c) Cleavage of 
1 ,5-I-AEDANS Iabefkd actin by f. aure~ Vs protease. 
Actin was incubated for 2 h with a 55 molar excess of 
fhtorogenic reagent. SDS-IS% polyacrylamide slab get 

was observed upon UV Light. 

position of the produced fragment (19 kDa) and 
the specificity of the S. aureuz Vs protease [20]. 

3.3. Structural changes induced by M$’ binding 
To follow the Mg2+ effect on actin monomers, 

it was necessary to link G-actin to Sepharose 43. 
Under these conditions the nucleation and elonga- 
tion phases do not take place and the conforma- 
tional changes observed can be related to the actin 
monomeric structure. 

Two lots of antibodies were used in these t3x- 
periments (see section 2). OxA antibodies were 
bound to Sepharose 4B-G-actin at low ionic 
strength. After addition of 2 mM MgClz, about 
30% antibodies were released. The remaining an- 
tibodies were released by 4 M MgCL, a reagent 
used to break down antigen-antibody interac- 
tions, In contrast, 2 mM MgClz was unable to 
release any antibody in the case of ArA antibodies. 

The different fractions eluted were then tested 
using nitrocelIuiose replicates of electrophoretic 

a 

Fig.4 Antigenic reactivity of antibody populations 
eluted from Sepharose-G-actin column. PO, initial 
population; PI, 2 mM MgClz eluted population; Pz, 4 M 
MgClz eluted population. S. atrreus VS protease digest. 
(a) Coomassie blue coloration, (b) electrophoretic 
replicates revealed with OxA antibodies, (c) 
electrophoretic replicates revealed with ArA antibodies. 

patterns from S. aureus Vg protease digest of actin. 
ft appears (fig,4) that the two lots of antibodies 
ehtted by 4 M MgC12 (Pz) present reactions 
analogous to that of the initial populations (PO). in 
contrast, a specific reaction of the 2 mM 
MgC12-eluted OxA antibodies (Pi) is observed 
against the 26kDa peptide only. Finally, the 
observation (fig.4) that the initial OxA antibody 
population (PO) is unable to interact in any ap- 
preciable amount with the I9-kDa fragment as 
compared with ArA antibodies, restrains the 
region able to interact with the PI population to 
the sequence 158-226. 

4. DISCUSSION 

A previous study [22] has revealed that S. ~UYWS 
VS protease is able to cleave actin and to yield an 
N-terminal peptide of 25 kDa. This fragment con- 
serves a large capacity to interact with antiactin an- 
tibodies and is able to complex DNase I 1231. The 
ability of this protease to cleave actin into large do- 
mains which retain antigenic activity was used in 
our study to map the antigenic structure of actin. 

122 
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In the presence of 1% SDS which shows a eom- 
pIeto cleavage of a&n in 5 min, three fragments 
were identified with relative molecular masses of 
26, I9 and 16 kDa. 

That SDS enhances the yield of cleavage by S. 
QU~@US Vs protease is also demonstrated in the case 
of Dktyastelium actin in a paper just published 
after completion of our manuscript (Simpson, 
P.A., Spudich, J.A. and Parham, I?., 3. CelI. 
Biol,, 1984,99,287-295). However, in the case of 
this particular a&in, the major site of cleavage 
seems to be at Glu-167. 

~t~u~tura1 changes which affect the az~tigenic 
reactivity of aetin fg] can be Iocareci from the pre- 
sent results. We show that when G-a&n binds 
Mgzc in conditions where the po~y~~~is~tion pro- 
cess is prevented (G-actin linked to Sepharose-4B), 
a part of OxA antibodies is excluded from actin, 

These results seem to infer that the effect of 
magnesium on antigenic reactivity of actin 
monomers could be Iinked to a modification of ac- 
cessibility or nonformation of antigenic deter- 
minants concerned in OxA antibody specificity, 
These antigenic determinants are located in a 
limited sequence between Gb-i67 and CIu-226 in 
the centraf part of the sequence of actin. A general 
r~~~~~~isation of tertiary s~r~~~u~~ which would 
affect the whole antigenie structure of actin 
rnonorner could be exduded. 

The located conformational change evidenced 
here could be an important step preceding nuclei 
formation as established in the mechanism de- 
scribed in [S]. Thus, as shown by Frieden, the first 
step in actin pol~erisation is the replacement of 
Ca” by Mg2+ followed by a ~time-dependent con- 
f~~rn~t~o~a~ change’. Furthermore, the third step 
is also concerned with the binding of &I$+ to weak 
binding sites, but the author does not observe any 
~onf~~rn~~iona~ change. The fact that the central 
part of the polypeptide chain of actin may be im- 
plicated in the polymerisation. process is 
strengthened by the observation [l l”J that Fab 
fragments obtained from OxA antibodies are able 
t,o decrease the polymerisation rate which is not the 
case with ArA antibodies. 

In conclusion, we can suggest that the binding of 
Mg”’ by actin monomer at least induces a limited 
~onformationa~ change which affects the exposure 
of residues in the central part of actin where an an- 
tiger&z region is located. 
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from INSERM (C.R.E. 83105). 

REFERENCES 

(11 Rich, ‘&A. and Estes, J.E. (1976) .I, Moi, Biol. 104, 
777-7532. 

fZ] Rouayrenc, J.F. and Travers, F. (1981) Eur. J. Bio- 
&em. il6, 73-77. 

[4] Frieden, c., Lif?tX~MZtn, ff, and GiLbert, HR. 
(1980) J. Bio!. Chem. 255, 8991-8993. 

f5] Frieden, C. (19831 Proc. Natl. Acad. Sci, USA 80. 
6513-6517. 
Cooper, J.A., Buhle, E.L., Walker, S.B. jr, Tsong, 
T.Y. and Pollard, T.D. (1983) Biochemistry 22, 
2193-2202. 
Oosawa, F, and Kasai, M. (1962) J. Mol. BioX. 4, 
10-21, 
Benyamin, Y., Roger, M. and Robin, ‘II, (198t) 
CR. Sot. BioL 179, 462-467. 
Spudich, J.A. and Watt, S. fl9771) 1. BioI, Chem. 
246, 4866-487 x . 
Benyamin, Y., Roger, M., Gahrion, J., Robin, Y. 
and Thod, N.V. (1979) FEBS Lett. 102, 69-74. 
Benyarnin, Y., Roustan, C. and Bayer, M. (1983) 
FEBS Len. 160, 41-45. 
Callahan, W.J., Lib&i, P.A. and Maurer, PH. 
( 1974) hnmunochemistry 11, 197-202. 
Jacobson, O.R. and Rasenbusch, J.P. (1976) Proc_ 
NatX, Acad. Sci. USA 73, 2742-2746, 
Hayashi, R. (1977) Methods Enzyntof. 47, 84-93. 
Jauregui-Ad&, J., PechZxe, J.F., Briand, G., 
Richer, C. and Demaiifee, J-G. (1982) Eur. J. Bio- 
&em. 123, 337-345. 
Laemmli, UX. (1970) Nature 227, 680-685. 
Roustan, C., Bayer, M., Fattoum, A., Jeanneau, 
R., ~e~y~rni~, Y., Roger, M. and PradeX, LA. 
(1982) Eur, J. Biochem. 129, 149-155. 
Takashi, R. (1979) Biochemistry 18, 5164-5169. 
Bottomfey, R.C. and Trayer, I.P. (1975) Biochem. 
J. 149, X5-379. 
Drapeau, O.R. (1976) Methods Enzymol, 45, 
469-475 * 
Lusty, C.J. and Fasofd, H. (1969) Bio~h~rnist~y 8, 
2933-2939. 
Johnson, P., Wester, P-3, and Hikida, R.S. (1979) 
3iochim, Biopkfys. Acta 578, 253-257. 
De Couet, H.G. (1983) J. Muse. Res. Cdf, ~ot~~~t~ 
4, 405-427, 

123 


