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1. Introduction 

Protein A, part of the cell wall structure of 
Staphylococcus aureus, is covalently linked to the 
peptidoglycan moiety of the cell wall [l] . Its mol. 

wt. is 42 000, the frictional ratio 2.1-2.2 and the 
intrinsic viscosity 29 ml/g [2] ; this suggests a 

markedly extended shape. 
Protein A reacts with the Fc-region of IgG from 

several species [3-51 and is able to bind two or 
more molecules of IgG per molecule [6] . This inter- 
action has been utilized in methods for immuno- 
chemical and cell surface structure studies [7,8]. 

Partial tryptic digestion of the protein and sub- 
sequent isolation of Fc-binding products by affinity 
chromatography and by ion exchange chromato- 
graphy on IgG-Sepharose and phosphocellulose 
columns respectively showed that the native molecule 
exhibits at least three Fc-binding regions. Further- 
more, it was suggested that these regions were similar 
with respect to the amino acid sequences. Digestion 
of intact bacteria could also be used as a preparative 
method for fragments similar to those obtained by 
digestion of isolated protein [9]. 

In the present work the Fc-binding products have 
been further purified and from the N-terminal amino 
acid sequence data it is possible to assign the frag- 
ments to three highly homologous Fc-binding regions, 
each consisting of more than 50 amino acid residues. 
In the sequenced parts, 80% of the residues are 
identical when the regions are mutually compared. 

2. Materials and methods 

2.1. Preparation and isolation of Fc-binding protein A 
fragments 

Tryptic Fc-binding fragments with mol. wts. 
around 7000 were prepared as described in [9]. The 
isolation by chromatography on IgG-Sepharose and 
phosphocellulose columns were performed essentially 
as described in [9]. After desalting on Sephadex 
G-25 (Pharmacia Fine Chem. AB, Sweden) in 0.05 M 
NH40H the isolated products were applied to DEAE- 
cellulose columns (Whatman DE 32, Whatman Bio- 
chemicals Ltd, England) in 0.05 M NH40H and eluted 
with a linear NHGCl gradient at pH 9.2. Final desalting 

was performed on Sephadex G-25 in 1 mM HCl. 

2.2. Analytical methods 
Immunochemical studies were performed essen- 

tially as described in [9]. 
Amino acids were analysed according to Spa&man 

et al. [lo] on a Beckman 121-M amino acid analyzer 
and quantified by a Hewlett-Packard electronic 
integrator (Mod. 3371 B). Generally, 3 nmol of 
samples were hydrolysed in 6 M HCl (1% phenol, 
w/v) at 110°C for 24 and 72 h. Threonine and serine 
contents were extrapolated to zero time. Valine and 
isoleucine were determined from the 72 h hydrolyses. 

N-terminal amino acid determinations were 
performed by the dansyl technique [ 1 I] . Dansyl 
chloride was purchased from BDH Chemicals Ltd, 
England and the polyamide thin-layer sheets used for 
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identification [12] from Cheng Chin Trading Co., 
Taiwan. 

Amino acid sequences were analysed manually 

[ 131 or with the Beckman Sequencer mod. 890 
using a modified DX-10 program. Approximately 
300 nmol samples were used for sequencing. In some 

cases, the sample was treated with sulphonated 

naphthylisothiocyanate (Braunitzer reagent IV, [4]) 
before the sequencer run. The PTH-amino acids 
were separated on polyacrylamide thin-layer sheets 

[ 151 and detected by U.V. absorption [ 161. Iso- 
leucine and leucine were distinguished by amino acid 

analysis after hydrolysis in 6 N HCl, 0.1% SnClz at 
150°C for 4 h [ 171 and histidine and arginine by 
specific staining with the Pauly [ 181 and a modified 

Sakaguchi [ 191 reagent. 

3. Results and discussion 

Figs. 1 and 2 illustrate the elution profile from the 
phosphocellulose column separations of Fc-binding 
material generated by partial tryptic digestions of 
isolated protein A and of intact bacteria respectively 
[9] . Chromatography on DEAE-cellulose columns 
showed that fragment A, II, VI and VII could be 
further separated while fragment B, I. III, IV and V 
gave single peaks. The DEAE-chromatograms of 
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Fig.1. Separation of active tryptic protein A fragments by 
ion-exchange chromatography on a phosphocellulose column. 
Flow rate 125 ml/h; fraction volume 5 ml. Gradient 
0.1-0.5 M KC1 in 0.025 N H,PO,, 0.13 mM/ml. Column 
size 2 X 40 cm. 
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Fig.2. Phosphocellulose chromatogram from the separation 
of active material obtained by partial tryptic digestion of 
5. aureus. Experimental details as described in fig.1. 

fragment II, VI and VII are shown in fig.3. The frag- 
ment A chromatogram was identical to that of frag- 
ment II, and fragment B gave the same chromatogram 

as fragment IV. Because of this and the data presented 
in [9], fragments A and II and fragments B and IV 
respectively were considered to be identical products, 

hence fragments A and B are omitted in the following 
characterizations. 

Fragment VI was split into three compounds VI’, 
VI” and VI”‘. However, no significant difference 

between them could be shown in the characterizations 
described below. The same is true also for fragment 
VII. In the following only the fragments obtained in 

the highest yields namely VI” and VII”’ are considered. 
The N-terminal and the ammo acid analyses of the 

isolated material are presented in table 1. The formula 
weights, calculated from the estimated number of 
residues are included. Mol. wt. determinations by gel 
chromatography and gel electrophoresis performed 
on the phosphocellulose material ranged from 5500- 
7500 [9]. The N-terminal analyses, the homogeneity 
in polyacrylamide gel electrophoresis on 11% gels at 
pH 8.9 [9], the homogeneity in both cation and 

anion exchange chromatography, and the amino acid 
analysis data all indicate that pure fragments were 
obtained. 

The results from the immunochemical tests are in 
complete agreement with those in [9], i.e. all frag- 
ments gave reactions of mutual identity when tested 
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Fig.3. Further separation of active tryptic protein A fragments by ion exchange chromatography on DEAE-cellulose columns. 
(a) Fragment 11; column 1.5 X 9 cm; Flow rate 62 ml/h; Fraction volume 1 ml; gradient O-O.15 M NH,Cl pH 10-9.2, 
0.50 mM/ml. (b) Fragment VI; column 1.5 X 10 cm; flow rate 60 ml/h; Fraction volume 1 ml; gradient 0.025-0.100 M 
NH,Cl pH 9.2,0.19 mM/ml. (c) Fragment VII; Column 1.5 X 10 cm; flow rate 71 ml/h; traction volume 1 ml; Gradient 
0.03-0.12 M NH,Cl pH 9.2, 0.20 mM/ml. 

against rabbit anti-protein-A serum and against 
pooled human IgC. Partial identity with protein A 

was observed against the anti-protein A serum. The 

hemagglutination and hemagglutination inhibition 
tests of the fragments point towards the presence of 
one binding site per molecule. The Fc-binding 
activities relative to that of protein A are given in 
table 1. 

From the data presented above the working 
hypothesis would be that the fragments originate 
from three slightly different Fc-binding regions in 
protein A. Fragment I and IIA, fragment IIb, III and 
IV, and fragment V, VI” and VII” should be 
generated from three regions in protein A, designated 
region A, B, and C. Accordingly, the fragments are 
classed into three groups A, B, and C in table 1. 

To verify the hypothesis, it is necessary to sequence 
all the fragments throughout the entire chain. How- 
ever, N-terminal sequences of fragments from the 
various groups would constitute very strong support 
for the hypothesis provided that the sequences 
really show differences. Fig.4 illustrates the data from 
the sequence analyses of two fragments from each 
group, namely fragment I, IIA, IIb, IV, V, and VII”. 

The sequencing method used for the various 

samples are noted in the figure. If the sequences and 
the amino acid compositions are mutually compared 
the classing of the fragments into three groups seems 

adequate. From the experimental data the amino acid 
sequences of the corresponding regions in protein A 
have been suggested. Region A has an Asn in position 4 
and 18, and a Met in position 19. Region B differs in 

this respect by exhibiting a Lys in position 4, a His in 
position 18, and a Leu in position 19. Considering 
region C, the only established difference compared 
to region B shows up in position 23 (according to the 
alignment). The amino acid occupying this position 
was shown to be a Thr in region C and an Asn in 
region B. If one calculates the amino acid composi- 
tions of the residual peptide parts by substracting 
the sequenced parts from the determined total 
amino acid compositions, they are identical within 
group A and B respectively which suggests identical 
sequences also in non-sequenced parts of the frag- 
ments in the respective groups. In group C, the 
compositions of the residual parts are not identical, 
but fragment V could well be part of fragment VII”. 
Considering the isolated material not sequenced, i.e. 
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Table 1 
Amino acid compositions, N-terminal amino acids, and Fc-binding activity of protein A fragments 

Amino 
acid 

Proteina Group A Group B Group C 
A 

I HA IIb III IV V VI” VII” 

LYS 
His 

Arg 
Asx 
Thr 
Ser 
Glx 
Pro 

GIY 

& 
Val 
Met 
Ile 
Leu 

Tyr 
Phe 

- 

52 4.0 5.2 4.1 5.3 5.8 6.8 8.5 
4 - - 0.9 0.9 1.0 1.0 1.0 
4 1.1 1.0 1.1 1.0 1.0 1.0 1.0 

80 8.6 12.8 9.3 10.4 11.8 10.1 11.6 
6 - - _ - - 1.0 1.0 

14 3.7 3.7 3.0 2.9 3.0 2.9 3.1 
60 11.9 12.3 11.5 10.9 11.3 13.3 14.0 
28 3.0 3.1 2.9 3.3 3.2 4.3 5.3 
28 1.1 1.0 1.1 1.2 1.2 2.1 4.1 
36 4.8 5.8 5.9 5.8 6.6 4.9 4.8 

_ _ - - - - _ 

8 _ _ - - - 1.0 1.0 
3 1.0 0.9 - _ - _ 

11 1.7 1.7 1.7 1.8 1.7 2.6 2.5 
28 5.7 6.0 7.0 6.6 6.8 5.9 5.7 

4 1.0 1.0 1.0 0.9 1.0 1.0 1.0 
12 1.8 3.0 1.9 2.8 2.8 1.9 1.8 

10.5 
1.0 
1.0 

13.6 
1.0 
2.9 

15.1 
6.3 
5.5 
5.0 

1.0 

2.7 
6.0 
1.0 
2.0 

Total esti- 
mated number 
of residues 

378 51 58 51 54 58 60 68 76 

Calculated 
formula 
weight 

41 500 5800 6600 5900 6300 6600 6800 7600 8500 

N-terminal 
amino acid blocked Glx Ala Glx Phe Ala Glx Glx Glx 

Relative 
Fc-binding 
Activityb 

1 445 32 240 2 3 87 63 8 

Experimental details are given in Materials and methods. The calculated formula weights are included. 

aAccording to [ 61. 
bIgG agglutinates protein A coated sheep red blood cells. The lowest molar amount of fragment which inhibits the hemagghrtina- 

tion activity of added IgG was determined and related to the amount of protein A giving the same effect. 

fragments III and VI”, it would be an educated 
guess to assign them to region B and C respectively 
as shown in fig.4. 

The total molar yield of active material relative 
to the amount of protein A used for digestion exceeds 
200% [9] which was the basis for the statement of 
at least three active regions. In this work it is shown 
that at least three active and highly homologous 
regions exist. Of course, further differences may 

show up, necessitating the subdivision of the fragments 
into more than three groups. However, if one 
calculates the molar yields of fragments within each 
group after purification relative to the amount of 
protein A used for digestion, they are 47 (A), 46 (B), 
and 36 (C) percent respectively. This close one to 
one ratio indicates that only three regions exist, or 
that a possibly missed region is more easily digested 
by trypsin into inactive material, or that the active 

65 



Volume 67, number 1 FEBS LETTERS August 1976 

REGION A ===-*:A-ASPASN@P= _ - - - - lo - - HE ASN LYS GLU GLN GLN ASN ALATHE-TYR-G:SU-ILE-LE" 
Fragment IG, 

nA q .n II * * II M’M M’*r*r*‘*‘*=*’ ’ ’ ’ ’ * ---+5(1 

REGION B HE-ASNLYS-GLUCLN-CjLON-ASKALA-PHE-TYR-G~~-ILE-LE” 

Fragment l&g, ,...,..,,,,,_,,_,, 
g M.w..‘,.......*MM”” ---+se 

----SO 

REGION C *- -LXGLHG:ON-ASN-ALkPHE-TYR-E;;(LE-LEU HIS E 

Fragment YBr 

m-ASNW@GLd:“-=== 

b . , . I , . . _ . _ , ~ , . , . , ,----67 
b . ---- 75 
l ‘,.,, , ,,,, _ ---_83 

Fig.4. Assignment of the various Fc-binding fragments to different regions within protein A according to amino acid compositions 
and N-terminal sequences. The data from the groups A-C are lined in order to get maximum homology. The numbering refers to 
residues within the alignment which is identical to positions in fragments IIA and IV respectively. Assignments based on 
manual Edman degradations are indicated by (M) and on automatic by (-7), on N-terminal determinations by the dansyl 
method by (A ), and on amino acid comp&ions by ( p). Fragments treated with Braunitzer reagent IV are indexed 
Br. Residues not identical in all regions are circled. 

material from this hypothetical region for some 
reason or other is more difficult to isolated. The 

involvement of Tyr in the binding reaction [20] and 
the presence of four Tyr in protein A (6) makes it 

improbably that more than four regions exist. From 
the digestion of intact bacteria, only material from 
region A and B was isolated. This may reflect the 

location of region C close to a structure obstructing 
the enzyme in generating fragments from this region, 
for example the bacterial cell wall. 

It is not possible from this study to determine in 

detail from which amino acids the binding activity 
arises. However, histidine and methionine clearly are 
not essential. Comparisons of the relative activity 
data (table 1) of fragments I and IIA and fragments 
IIb, III and IV indicate that the N-terminal amino 
acids are involved, though the data from group C 
material tell against this theory. Rather, it seems that 
an amino acid chain of a specific length is required 
for activity, possibly for stabilization of the structure, 
or that the loss of possibly active amino acids in the 
N-terminal part is compensated for in the extended 
C-terminal parts of fragments V, VI”, and VII”. 

Repetitive sequences within a single protein 
molecule not composed of subunits (at least not 
linked by S-S bridges) have been reported earlier 
[2 l-291 , but homologies as high as 80% are rather 

exceptional. It thus, seems reasonable to suggest 
that protein A is an evolutionary product of a multiple’ 
of an ancestral structural gene. The high conservatism 
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of the system points towards the necessity of having 

multiple binding sites and well defined structures 
around the sites in order to preserve the biological 
functions of the protein. The observed biological 

activity is the Fc-interaction, though this does not 
necessarily imply that this is the function that 
must be preserved. 
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