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-yG-globulin from nonimmunized rabbits and from rabbits immunized with vari-
ous bacteria reacted in the immunofluorescence technique with protein A-contain-
ing Staphylococcus aureus. Pepsin digestion of most immunoglobulin preparations
eliminated the reaction, thus showing that the Fc fragment is involved and that the
reaction is not a true antigen-antibody reaction. As the specific immunological ac-

tivity of the immunoglobulin molecules was intact after digestion, it is suggested
that the method be used to eliminate reactions with S. aureus in the fluorescent-anti-
body technique.

So-called "normally occurring antibodies"
against Staphylococcus aureus have been demon-
strated with the fluorescent-antibody (FA) tech-
nique in sera from different species (1, 3, 4, 17,
22). The well-known fact that many strains of
S. aureus react with antisera to other bacteria has
been a major problem in the FA technique (2, 5,
6, 18).

Protein A has been shown to be associated with
the cell surface of most S. aureus strains (13, 27).
A direct reaction between protein A and rabbit
-yG-globulin through interaction with structures
on the Fc portion of the -y-globulin is now well
documented (11, 26).

This paper provides evidence that the FA reac-
tion between S. aureus and -yG-globulin from
nonimmunized rabbits and from rabbits im-
munized against various bacterial species is not
due to an antigen-antibody reaction. Instead it
seems to be a reaction between the Fc part of the
'yG-globulin molecules and protein A from S.
aureus.

MATERIALS AND METHODS

Strains and culture techniques. S. aureus types
Cowan I and Wood 46 were used. The other bacteria
used were isolated in the routine laboratory of the
Institute of Medical Microbiology. All strains were
cultivated overnight on conventional solid media be-
fore use. In some experiments, S. aureus type Cowan
I was grown on Mannitol Salt Agar plates (Difco).

Sera. Pooled serum from nonimmunized rabbits
and antisera from rabbits immunized against Neis-
seria gonorrhoeae, N. meningitidis, Escherichia coli
type 0111, and Shigella boydi type 3 were used. The

antisera were obtained by immunization according to
the current methods at the Institute of Medical Micro-
biology (5, 9). The antisera had agglutination titers
against the corresponding bacteria ranging from 1/64
to 1/512.

Preparation of yG-globulin. Rabbit -yG-globulin
was prepared from sera by precipitation at 37% satu-
ration with ammonium sulfate. The precipitate was
dissolved in distilled water and the procedure was re-
peated twice. The precipitated and redissolved ma-
terial was dialyzed against 0.0175 M Na2HPO4 (pH
6.3), further purified by chromatography on a diethyl-
aminoethyl (DEAE)-cellulose column equilibrated
and eluted with the dialysis buffer (11), and finally
concentrated with an ultrafiltration cell (Diaflo m. 50,
Amicon Corp.) to a protein concentration of 18 to 20
mg/ml. The protein concentration was determined by
measuring the optical density at 280 nm. Each sample
was divided into two portions. One portion was di-
alyzed against 0.15 M NaCl and diluted with 0.15 M
NaCl and carbonate-bicarbonate buffer (pH 9.0, 0.5
M) to a final concentration of about 10 mg of protein
per ml (23). Carbonate-bicarbonate buffer made up
20% of the final solution. The other portion was
dialyzed against 0.1 M sodium acetate.

For two sera, the purification step on DEAE-
cellulose was omitted. After precipitation with am-
monium sulfate, the crude -yG-globulin fraction was
dissolved in distilled water, divided into two portions,
and dialyzed as described above.

Pepsin digestion. Pepsin digestion of -yG-globulin
from normal and immunized rabbits was carried out
by the method of Nisonoff (24). After the dialysis
against 0.1 M sodium acetate, the pH was lowered to
4.5. Pepsin (Worthington Biochemical Corp.) dis-
solved in 0.1 M sodium acetate (pH 4.5) was added in
the proportion 1 mg of enzyme per 50 mg of protein.
The digestion was allowed to proceed at 37 C for 8 hr,
after which time the pH was adjusted to 8.0. The di-
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gestion products were precipitated twice at 18%/O
Na2SO4. The final precipitate was dissolved in dis-
tilled water and dialyzed against 0.15 M NaCl. The
protein content was adjusted to about 6.6 mg/ml with
0.15 M NaCl and carbonate-bicarbonate buffer, which
made up 20% of the final solution. The concentration
of yG-globulin was thus about two-thirds of that in
the undigested portion, but the concentration of the
F(abl) 2fragments was equivalent on a molar basis.

Conjugation. Under vigorous stirring with a mag-
netic agitator at 4 C, 0.05 mg of fluorescein isothio-
cyanate (FITC) was added per mg of protein. After 24
hr, the conjugation was interrupted and nonreactive
material was removed by passing the solution through
a Sephadex G-25 column (23). The conjugate was di-
vided into several samples and stored at -20 C in
small test tubes. When a portion was to be used, it was
thawed and kept at 4 C.

Staining smears and recording of reactions. Smears
were prepared from overnight cultures (23). A plati-
num loop was dipped into a colony and the bacteria
were smeared onto a slide. After heat fixation, a drop
of conjugate was placed on the smear and the reaction
was allowed to proceed for 15 min, after which time
the smear was rinsed for 5 min in phosphate-buffered
saline and mounted under a cover slip with a phos-
phate-buffered solution of glycerol, pH 7.2 to 7.4. The
preparations were read under a Zeiss fluorescence
microscope by using the following standards: 3+, in-
tensely fluorescent margin, well marked edges; 2+,
faintly fluorescent margin, edges usually diffuse; 1+,
barely distinguishable fluorescent margin with diffuse
edges.

Determinations of protein A. Protein A was ex-
tracted from S. aureus by the method of Jensen
(Thesis, Munksgaard, Copenhagen, 1959). The extract

TABLE 1. Fluorescenit-anitibody reactionis ofjyG-globulins or F(ab')2 fragments of yG-globulins with Staph-
ylococcus autreus strainis Cowant I anid Wood 46 anzd with the bacteria usedfor immunwizationi

FITCa'-abeled antiglobulin to

Escherichia coli 0111
yG-globulins not pep-
sin-digested

-yG-globulins pepsin-
digested

Shigella boydi type 3
yG-globulins not pep-
sin-digested

-yG-globulins pepsin-
digested

Neisseria meningitidis
yG-globulins not pep-
sin-digested

yG-globulins pepsin-
digested

N. goniorrhoeae I
-yG-globulins not
pepsin-digested

-yG-globulins pepsin-
digested

N. gonorrhoeae 2
7G-globulins not pep-
sin-digested

-yG-globulins pepsin-
digested

Normal rabbit
yG-globulins not pep-
sin-digested

yG-globulins pepsin-di-
gested

Reaction

Strain Cowan I

1/100 1/20 1/40 1/80 1/160

3+± 2+ 2+ 1+ 1+

3+ 3+ 2+ 1+ -

2+ 2- 2+ 2+ 1+

3+ 2+ 2+± 1+ -

3+ 2+ 2+ 2+ 1+

3+

3+

2+

3+ 2+ 2+ 1+

witlh

Strain
\Wood

*_ 46

Bactt
imn

1/320 (1/10) 1 'I()

- - 3+

- 2+

- 3+

- 3+

- - 22+

- 2+

- 2±+

- 2+

- - 3+

3±

eria used for
munization

1/20 1/40

3±-

3± _
3+ -

32+ _

2+ -

2+ -

2+ -

a Fluorescein isothiocyanate.
I Titers.
c Standards: 3+, intensely fluorescent margin, well marked edges; 2+, faintly fluorescent margin,

edges usually diffuse; 1+, barely distinguishable fluorescent margin with diffuse edges; -, no fluores-
cence.
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was diluted approximately twice in 0.1 M tris(hydroxy-
methyl)aminomethane (Tris)-hydrochloride (pH 8.0)
so that 1 ml of the final solution corresponded to 25
mg (wet weight) of the unextracted bacteria.
The hemagglutination technique for quantitation of

protein A (26) was used, beginning with a dilution of
1:1, followed by doubling dilutions. The technique is
known to be very sensitive.

Precipitation in gel (10, 11) was performed against
1% human -yG-globulin in 1% agar (Special Agar
Noble, Difco) in 0.05 M Tris-hydrochloride, pH 7.2.

RESULTS
Reactions with yG-globulin from nonimmunized

rabbits. Table 1 shows the reactions of S. aureus
types Cowan I and Wood 46 with FITC-labeled
-yG-globulin from nonimmunized rabbits. S.
aureus type Cowan I reacted strongly. It is also
known to be the strain containing the most pro-
tein A of those investigated (K. Jensen, Thesis,
Munksgaard, Copenhagen, 1959). No reaction
was noticed when staining with pepsin-digested
FITC-labeled zyG-globulin. S. aureus type Wood
46 did not react with nonimmune -yG-globulin
before or after pepsin digestion. By immunodiffu-
sion against normal human yG-globulin it was
not possible to detect any protein A in the ex-
tract from Wood 46. However, by the more sensi-
tive hemagglutination technique (26), Wood 46
was shown to contain a very small amount of pro-
tein A, less than 1 %c of the content in Cowan I.

Reactions with yG-globulin from immunized
rabbits. FITC-labeled oyG-globulins prepared by

precipitation and chromatography on DEAE-
cellulose from antisera against various bacteria
were tested for specific staining of the correspond-
ing bacteria and for nonspecific staining of S.
aureus. Table 1 shows that the reactions with S.
aureus types Cowan I and Wood 46 were very
similar to the reactions obtained with nonimmune
serum. S. aureus type Cowan I reacted strongly
with undigested yG-globulin but did not react
after digestion of 'yG-globulin with pepsin. How-
ever, one antiserum to N. gonorrhoeae reacted
with S. aureuis Cowan I in moderate dilutions
(<1:20) even after pepsin digestion. This serum
was not further investigated.

Table 1 also shows that pepsin dige3tion did not
interfere with the specific reactions. The molar
concentrations of the conjugates of the PyG-globu-
lin and of the F(abl)2 fragments obtained by
pepsin digestion of the yG-globulin were the
same.
The two -yG-globulin preparations obtained

from sera treated by precipitation alone gave the
same results as the more highly purified yG-
globulins.

Reactions between rabbit yG-globulin and vari-
ous strains of S. aureus. Table 2 shows that the
other staphylococcal strains gave various degrees
of reaction with nonimmune -yG-globulin, but
after pepsin digestion the reaction disappeared.
With the specific antisera to various bacteria, the
staphylococcal strains tested gave reactions very
similar to the reaction with nonimmune -yG-

TABLE 2. Fluorescenit-auitibody reactionzs of ayG-globulin or F(ab1)2 firagments of the globiulini wVith
various Staphylococcts auireus strains

Normal rabbit a-globulin

1,'160 1/10D6
Neiss eria

.lMeningilidis

1/10' 1 /lOD

- 3+ -

- 2+ -
- 2+ -
- 2+ -
- 2+ -

- 2+ -
- i2+ -

- 2+ -

- 1+ -

- 1+' -
_ 1+, -
- 2+1 -

Antiglobulins to
Hemag-

glutination
NY. Sizigella boydi Esclzerichia titer

gonorrhoeae type 3 coli 0111 (protein

content)
1/I0 1 AOD 1/10' 1 '10D 1 o10 1 101D

3+ - 3+ - 3-- - 1/512
3+ - 3+ - 2+ - 1/512
2+ - 2+ - 2+ - 1/512
3+ - 2+ - 3+ - 1/512
2+ - 2+ - 1+ - 1/512
2+ - 2+ - 1+ - 1/128
2+ - 2+ 2+ + - 1/256
2+; - 2+ - 2+ - 1/256
1+ - I+- 1+ - 1/512
1+ - I1+ - 1+ - 1/32
1+ - 1+ - 1+ - 1/64
2+I - I1+' - 1+ - 1/16
-

_ _ - 1/2-64

,1'/80

2+
2+
2+
2+

S.
a treais
strain

1
2
3
4
5
6
7
8
9
10
11
12
13-17

1/10

3+X
3+
2+
2+
2+
2+
2+
2+
2+
1+
1+
1+

1/20

3+
2+
2+
2+
12+
12+
1+
1+
1+
1+
1+
1+

1/40

2+
2+
2+
2+
2+
1+
1+
1+
1+
1+
1+
1+

a Positive reactions obtained with antiglobulins diluted more than 1/10 are not included in the table.
b D indicates that yG-globulins are pepsin-digested.
c Standards: 3+, intensely fluorescent margin, well marked edges; 2+, faintly fluorescent margin,

edges usually diffuse; 1+, barely distinguishable fluorescent margin with diffuse edges; -, no fluores-
cence.

VOL. 2,1970 389

I- -



FORSGREN AND FORSUM

globulin and these reactions disappeared after
digestion of the immunoglobulin molecules. The
smears of N. gonorrhoeae, N. meningitidis, and
nonspecific-staining S. aureus were indistinguish-
able under the ultraviolet microscope. Table 2
also shows the quantity of protein A in the differ-
ent S. aureus strains as determined by the hemag-
glutination technique (26). There seems to be a
good correlation between the protein A content
and the immunofluorescent reaction.

Mannitol Salt Agar media have been reported
to inhibit the production of protein A (8, 14). S.
aureus type Cowan I grown on this medium give
no nonspecific immunofluorescent reaction in our
experiments, which is in accordance with pre-
liminary experiments reported by Lind (19).

DISCUSSION
The problem of nonspecific reaction of S.

aureus in the FA technique has been studied by
many researchers. There have been attempts to
eliminate the cross-reactions by digestion of the
bacteria with papain and trypsin and by Formalin
treatment (7, 16, 20, 25). The results obtained in-
dicated that the reactive component on the bac-
terial surface is a protein but did not reveal its
exact nature.
The reacting antibodies have been studied (15,

19-21). Lind et al. (19-21), by using several im-
munological methods, suggested that the cross-
reactions are due to a nonspecific affinity for the
bacterial surface. It was also shown that two ab-
sorptions with a S. aureus strain giving strong
nonspecific immunofluorescence reduced the yG-
globulin content of serum to less than X6th of
the original. Lind found that S. aureus Cowan I
reacted strongly in immunofluorescence with
nonimmune rabbit y-globulin, whereas S. aureus
Wood 46 failed to react, which is in accordance
with our results. She also suggested, but did not
prove, that the nonspecific reaction is due to the
protein A content of S. aureus (19, 20).
Our experiments show that it is possible to

eliminate completely the nonspecific FA reac-
tion with S. aureus by pepsin digestion of 'yG-
globulin prepared from nonimmune rabbit serum
as well as for rabbit antiserum against various
bacteria. The reaction is thus similar to that ob-
served by Forsgren and Sjoquist (11, 12) in reac-
tions between purified protein A and nonimmune
rabbit yG-globulin. The staphylococci having a
high content of protein A showed strong non-
specific immunofluorescence. It thus seems very
probable that the nonspecific reaction results from
the reaction of protein A with the Fc fragment of
the immunoglobulin molecules.

In our experiments, serum from one rabbit im-
munized against N. gonorrhoeae gave a reaction

with S. aureus that was not completely eliminated
by pepsin digestion. Digested antiglobulin re-
acted with S. aureus only in moderate dilutions.
Since neither Danielsson (6) nor Lind (19) ob-
served a reaction between antistaphylococcal
serum and gonococci, there is probably no true
antigenic similarity. The most likely explanation
would seem to be a Staphylococcus infection of
the rabbit. There may be a similar explanation
for the results reported by Jones and Foster (15),
who found that the nonspecific immunoflurores-
cence of S. aureus was localized to both the Fab
and Fc fragments obtained by papain digestion
of rabbit yG-globulin.

Danielsson (6) examined the reaction from a
clinical point of view, with the aim of eliminating
the nonspecific reaction of antigonococcal sera
with staphylococci. He advocated mixing a lissa-
mine rhodamine B-labeled antistaphylococcal y-
globulin with the FITC-labeled antigonococcal
'y-globulin, thereby achieving a practical diag-
nostic method. Our work shows that digestion of
the 7-globulin with pepsin does not interfere with
its specific reactions. Since for most immuno-
globulin preparations the nonspecific reaction
with staphylococci disappears completely, pepsin
digestion could afford a more straightforward
way of eliminating nonspecific reactions in the
identification of various bacteria, for example, N.
gonorrhoeae. Pepsin digestion of crude -yG-
globulin is as effective in eliminating nonspecific
immunofluorescence as is pepsin digestion of
7y-globulin purified on ion-exchange chromatog-
raphy. Thus, the method is technically simple in
practice.

ACKNOWLEDGMENTS

This investigation was supported by grants from the Swedish
Medical Research Council (B71-16X3163-01).

LITERATURE CITED

1. Bergman, S., A. Forsgren, and B. Swahn. 1966. Effect of
normally occurring rabbit antibodies on fluorescent-anti-
body reactions. J. Bacteriol. 91:1664-1665.

2. Cherry, W. B., and M. D. Moody. 1965. Fluorescent-antibody
techniques in diagnostic bacteriology. Bacteriol. Rev. 29:
222-250.

3. Cohen, J. O., G. S. Cowart, and W. B. Cherry. 1961. Anti-
bodies against Staphylococcus aureus in nonimmunized
rabbits. J. Bacteriol. 82:110-114.

4. Cohen, J. O., W. L. Newton, W. B. Cherry, and E. I. Updyke.
1963. Normally occurring staphylococcal antibodies in
germfree mice. J. Immunol. 90:358-367.

5. Danielsson, D. 1963. The demonstration of N. gonorrhoeae
with the aid of fluorescent antibodies 1. Immunological
studies of antigonococcal sera and their fluorescein-
labelled globulins, with particular regard to specificity.
Acta Dermato-Venereol. 43:451-464.

6. Danielsson, D. 1965. The demonstration of N. gonorrhoeae
with the aid of fluorescent antibodies 5. A comparison of
different techniques-absorption, one-step inhibition,
and counterstaining-for elimination of cross reactions.
Acta Dermato-Venereol. 45:61-73.

390 INFEC. IMMUN.



PROTEIN A IN IMMUNOFLUORESCENCE

7. Danilova, T. A., and M. J. Kom. 1964. The possibility of
elimination of crossreactions between steptococci of various
groups and staphylococci in applying the fluorescent anti-
body method. Z. Mikrobiol. 11:13-16.

8. Dosset, J. H., G. Kronvall, R. C. Williams, and P. G. Quie.
1969. Antiphagocytic effects of staphylococcal protein A. J.
Immunol. 103:1405-1410.

9. Edwards, P. R., and L. H. Ewing. 1955. Identification of
Enterobactericae. Burgess Publ. Co., Minneapolis.

10. Forsgren, A., and J. Sjoqvist. 1966. "Protein A" from S.
aureus. 1. Pseudo-immune reaction with human -y-globulin.
J. Immunol. 97:822-827.

11. Forsgren, A., and J. Sjoqvist. 1967. "Protein A" from
Staphylococcus aureus. III. Reaction with rabbit -y-globu-
bulin. J. Imnunol. 99:19-24.

12. Forsgren, A., and J. Sjoqvist. 1969. Protein A from Staphylo-
coccus aureus. VHI. Physicochemical and immunological
characterization of protein A. Acta Pathol. Microbiol.
Scand. 75:466-480.

13. Grov, A., and S. Rude. 1967. Immunochemical examination
of phenylhydrazinetreated Staphylococcus aureus cell walls.
Acta Pathol. Microbiol. Scand. 71:417-421.

14. Haukenes, G. 1967. Serological typing of Staphylococcus
aureus. 7. Technical aspects. Acta Pathol. Microbiol.
Scand. 70:590-600.

15. Jones, W. L., and J. W. Foster. 1966. Papain-treated globulins
of specific and cross-reacting immunofluorescent staining.
J. Bacteriol. 91:984-986.

16. Komninos, G. N., and V. N. Tomkins. 1963. A simple method
of eliminating the crossreaction of Staphylococcus in the
fluorescent antibody technique. Amer. J. Clin. Pathol. 40:
319-324.

17. Korn, M. J., and G. F. Majorova. 1963. On some causes of

Staphylococcus staining with heterologous fluorescent anti-

sera. Z. Mikrobiol. 11:51-56.
18. Lind, I. 1967. Identification of Neisseria gonorrhoeae by means

of fluorescent antibody technique. Acta Pathol. Microbiol.
Scand. 70:613-629.

19. Lind, I. 1968. Non-specific adsorbtion of FITC-labelled serum
globulins to Staphylococcus aureus. Acta Pathol. Microbiol.
Scand. 73:624-636.

20. Lind, I., and B. Mansa. 1968. Further investigation of specific
and nonspecific adsorbtion of serum globulins to Staphylo-
coccus aureus. Acta Pathol. Microbiol. Scand. 73:637-645.

21. Lind, I., A. Reyn, and A. Birch-Anderssen. 1964. Electron
microscopy of specific and non-specific adsorbtion of globu-
lin to Staphylococcus aureus, p. 535-536. Proc. 3rd Eur.
Conf. Electron Microscopy, Prague, vol. B.

22. Moody, M. D., and W. L. Jones. 1963. Identification of
Corynebacterium diphtheriae with fluorescent antibacterial
reagents. J. Bacteriol. 86:285-293.

23. Nairn, R. C. 1964. Fluorescent protein tracing. E. and S.
Livingstone Ltd., Edinburgh.

24. Nisonoff, A. 1964. Enzymatic digestion of rabbit gamma

globulin and antibody and chromatography of digestion
products. Methods Med. Res. 10:134-141.

25. Prochazka, 0. 1966. Preparation of conjugates of 19S and 7S
globulins of antitularemic sera for the determination of
specific fluorescence of Pasteurella tularensis. Folia Micro-
biol. 11:337-346.

26. Sjoqvist, J., and G. Stalenheim. 1969. Protein A from Staphy-
lococcus aureus. IX. Complement-fixing activity of protein
A-IgG complexes. J. Immunol. 103:467-473.

27. Yoshida, A., S. Mudd, and W. A. Lenhart. 1963. The com-

mon protein agglutinogen of Staphylococcus aureus. II. Puri-
fication, chemical characterization, and serologic com-

parison with Jensen's antigen. J. Immunol. 91:777-782.

VOL. 2, 1970 391


