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ABSTRACT



ABSTRACT

A serologically active substance, extracted from sonicated

cells of Corynebacterium zerosis ATCC 7094 with hot HCl, yielded

one precipitin line by immunodiffusion against a homologous antiserum,
but six protein bands by disc electrophoresis. Extracts of other
species of corynebacteria failed to crdss%zeact'with the antiserum. The
crude acid extract of C. xerosis was pﬁrified1by‘BEAEmcellulose column
chromatography, chemical and enzymatic treatments, Bio-Gel HIP adsorp-
tibmfﬁé@l“filtratiom ogi?ephadex G-200 column, =il renhroratoprs by o
1% .cieze. The homogenelty and purity of the antigen for
serological activity, protein, and carbohydrate was established by

immincelectrophoresis and disc electrophoresis.

Thé partially purified antigen fﬁo@ the chemical and emzymatic
tr@atments was shown to be stable by the various chemicals. Blochemical
anglysig,of the purified antigen shcwed,thgt;pmot@ing carbohydrate and
pucleic acid were present in the ratio of 31:1:1 respectively. The
major amino acids of the antigen were alanine, glutamic acid, glycine,
aspartic acid and arginine. The sugar ‘'of the antigen was identified as
arabinose by paper chromatography. The molecular weight of the antigen,

estimated by gel filtration method,%aé'l§5;606¢
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INTRODUCTION



INTRODUCTIOHN

In recent years the fractionation and analytical methods
developed for the study of biologically active enzyme systems have

been applied to the analysis of bacterial antigens.

Osmotic or enzymatic lysis, freeze-thawing, shaking, high-
pressure and ultrasonic vibration have been useful methods for the
extraction of antigens from whole cells. Gel immunocdiffusion and
immuncelectrophoretic analysis have provided techniques for the
demonstration and identification of specific antigems. Iom
exchange chromatography and gel filtration, which made it possible
to separate biological macrcmolecules from complex mixtures without
altering their integrity, have been widely used for enzyme systems
but only recently applied to the study of bacterial antigens.
Relatively few bacterial antigens have been isolated and characterized
by biochemical analysis and their immunochemical specificity. This
kind of study can serve as an additional criteriom for bacteriai

classificationg

Few reports are available on the serologically active substances
isolated from disrupted whol@»c@lls of Gram-positive bacteria except
for the group A streptococei, two species:of staphylococci and some
strains of lactobacilli. Little is known about antigens of the
corynebacteria. A non-specific or group antigem has been found in

Corynebacterium diphtheriae and various diphtherbids; which had failed




to show species differences by agglutination tests but revealed
common antigenic compoments situated more deeply in the cells by
complement-fixation tests(Bailey, 1925; Neill et al., 1931:
Holdworth, 1952). Am group specific polysaccharide and a type
specific pxoteiﬁ of C. diphtheriae was demonstrated by Wong and
Tung(1938, 1939) and Cummins({1954) but immunochemical studies of

these antigens have not been reported.

Recently, two serclogically active substances of Coryne--

bacterijum hofmannii have been characterized (Banach and Hawirko,

1966). In the present study, an isolation, purification and

partial characterization of an antigen of Cor

is described.
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HISTORICAL



HISTORICAL

Many antigens derived from Gram-positive bacteria which have
been identified as proteins, polysaccharides, teichoic acids, or
complex polymers are components of known cell wall structures and
confer type, spacies, or group specificity (McCarty -0 0w, 1964).
Recently immunochemical studies on antigens of a few Gram-posicive

bacteria have intensively been carried out.

Three‘serologically active substances isolated from hot acid

@xtracts of whole cells of Streptococcus haemolyticus (Lancefield,1928)

were .wdesignated. a group-specific carbohydrate(C), a type-
specific protein(M), and a nom-type-specific protéi@(P)a The group-
specificvcarbohydréte C substance and type-specific M protéin have
been idéntified as cell wall components (McCarty, 1952: Salton, 1953).
A toxic cellular component of group A stf@ptococci {(Schwab et al.,
1959) appeared to be a complex of polysaccharide and protein, the
polyéaccharid@ having the serological characteristics of the group-
specific C substance. The group-specific carbohydrate C substance of
the group A and onariaﬁt streptococei are multibranched structures
with a small amount glucosamine in the backbone and the basic structure
of the rhamnose polysaccharide appeared to be the same in the two
carbohydrates, but differ principally in the presence or absence of
terminal N-acetyl-glucosaminide residues on the oligosaccharide side
chains (McCarty and Lancefield, 1955; McCarty, 1956). McCarty (1958)

found th&t!&h@ t@rmimal”ﬁ=acetyl glucosamine residues were essential

for the precipitation reaction of the antigenic determinant of the
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group A carbohydrate. More direct evidence was shown by the synthetic
diazo antigens of p-aminophenyl-A-N-acetylglucosaminide coupled to
various proteins cross-reacting with group A streptococecal antisera.
More recenmtly, McCarty (1964) also found that the ester-linked
D-alanine was an importént détezminant in the specificity of group
A streptococedi.

The group D antigen of streptococci has been identified as a
%eichcié acid with a glycerophosphate backbone with glycosidically
linked sugars and esterified D-alanine (Wicken and Baddiley, 1963).
The major portion of this antigen appeared to be closely associated
éith the protoplast membrane of sireptococci‘KShcckman and Slade,
1964). Separation of the antigen has been achieved by gel filtra-
tion”using 0.15 M NaCl solvent énd elution on a Sephadex G-200

column (Resan, 1966).

A non-species-specific polysaccharide (NSS) was demonstrated:
by hemosensitization tests of culture filtrates of hemolytic strepto-
cocci (Harris and Harris, 1953). Rantz et al. (1956) also showed
cross reactivity of culture fiifrat@s of group A, C and G strepto-

cocci, enterococci, Stapk

ylococcus aureus preumococci and Bacillus
Spp. by hemosensitization tests with normal human serum. The hetero-
genic antigen was shown to be heat stable, noR=-dialyzable and comple-
tely absént fzom Gram-negative bacteria. More recently, Chorpenning
and Dodd (1966) obtained soluble .antigens from»species of Gram-
positive bacteria which were serologicéily aé§i§evwith immine sera

as well as normal sera. One of these heterogenic antigens seemed to

be similar to the Rantz®s streptococcal NSS.



)

A type-specific carbohydrate antigen (Juliammelle and Wieghard,
1934) and a group-specific polysécchgride antigen from avirulemnt
staphylococei (Weighard and Julian@ile, 1935) were isolated from
staphylococcal whole cells by extractionm with HCl. Verway (1940)
ﬁsed a milder acid treatment to demonstrate a type-specific protein
antigen as well as the type-specific carbohydrate of type A staphylo-
cocci. A serclogically active ribitol phosphate polymer from
Staphylococcus aureus H was isolated by Armstrong et al. (1958) which
contained a ratio of ribitol phosphate:acetylglucosamiﬂ@fBaélamin@
of 1:0.99:0.49. Sanderson et al. (1961) showed that the determinant -
group was an X-N-acetylglucosaminyl ribitol of the ribitol phosphate
polymer. Haukenes (1962) isolated a serologically active poly-
saccharide A substance from disrupted S. aureus cells. The antigen
was purified by diethylaminoethyl(DEAE)-cellulose and Dowex—~1 ionm
exchange chromatography and was found to be composed of a muco-
p@pﬁié@ and a ribitol teig%ic acid. Hisatsune et al. (1967) has
described a serologically active cell wall peptide polymer of

S. aureus.

Spores and vegetative cells of Bacillus spp. contain sero-
logically active substances of taxonomic value (Lamanna , 1942).
Davies (1951) found a species-specific antigen im spores of Bacillus

bhoewve

A polypeptide and a polysaccharide antigen hagkisol&t@d

from cells of Baecillus “M°, a strain of Bacillus megaterium (Geux-

Holzer and Tomsik, 1956). The polypeptide antigen proved to be

identical to the poly-D-glutamic acid polymer of Bacillus anthracis.



The antigenic amalysis of Corymebacterium dightheriae using
agglutination technicues showed the species could be divided into
various serotypes (Havems, 1920; Smith, 1923; Fagleton and Baxter,
1923). Later, Bailey (1925) comcluded that agglutination tests were

not suited for revealing species differemces between C. diphtheriae

and other corymebacteria. However, the subspecies of C. dighthsxiae;
‘gggggg? intermedius and mitis were shown by agglutination reaction
to be antigenically diverse (Ewing, 1938). A common amtigen which
fixed complement in the presence of h@t@fo@ém@ous antisera was foumd
in aleohol extracts of C. diphtheriae, certaim diphtheroids, and the

tubercle bacilli (Krah and Witebsky, 1930).

B group-specific polysaccharide antigen of C. diphtheriae was
demonstrated by precipitation and absorption tests (Wong and Tung,
1938). A year later, these workers showed that two polysaccharides,
designated A and B, were present (Wong and Tung, 1939). There have
been no subsequent studies om these group reactive carbohydrate

antigens of C. diphtheriae.

Hoyle (1942) obtained species-specific antigems from alcoholic
extracts of C. diphtheriae type gggig and C. hofmannii and a group-
specific antigen common to the gravis, intermedius, and mitis strains
of C. diphtherjae as well as to C. hofmammnii. A thermostable group-
specific polysaccharide and a thermolabile species-gpecific protein

antigen of C. diphtherise has been reported by Oeding (1950).

Hayes (1951) was the first to demonstrate homosensitizing
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antigens of C. diphtheriae. These antigens also were found in saline

extracts of various corynebacteria (Casille and Toucas, 1960).

Th@ first separtaion of a group-specific polysaccharide compound
from C. diphtherise by modern methods was achieved by Holdworth (1952).
The carbohydrate was isoclated from the purified cell wall preparation
and contaimed D-galactose, D-mannose, and D-arabinose im a molar ratio
2:1:3. Since the oligos&cchazid@ had no inbherent reducing power, he

deduced that all termimal umits were non-reducing galactose groups.

Cummins (1954) isolated two antigens from the cell walls of
C. diphtheriae. Heat treated cell walls of intermedius and gravis
subspecies agglutinated with the antiserum prepared against the mitis
strain. Since the cross reaction did not oceur with whole cells the
antigen appearsd to be situated deep with cell wall. The heatlabile
type-specific protein antigen appeared to be presemt as a superficial
layer. Cell wall suspensions of C. xerosis, C. remale, and C. hofmannii
either did mot agglutinate with antiserum to C. diphtheriae or did so
at much lower titezé than those given by ﬁh@ homologous cell wall

suspensions.

The chemical composifion and antigenic structure of the cell
walls of corynebacteria and related organisms have been examined by
Cummins and his collabbzatozs (1955, 1956, 1958, and 1962) using
agglutination tests with cell Wall suspensions. A common antigenic

componéat was identifjed in strains of corynebacteria which contained



arabinose and galactose as their primciple cell wall sugars, and
alanine, glutamic acid, and diaminopimelic acid as cell wall amino
acids. This result suggested that these strains belonrg together
in the same taxonomic group. The only exceptions were C. pyogenes

and C. haemolyticum which did not contain arabinose and galactose

as basic cell wall sugars and Cummins suggested that these species

should be reclassified.

The technicques of immunodiffusion and immunocelectrophoresis
have b@én used to study the identity, purity, specificity, and
chemical structures of antigems. The classical serological methods
of agglutination, precipitation amd complement-fixation are useful
for surveys and preliminary study, but cannot be applied directly to'
the examination of complex mixtures of bacterial antigems. The gel
diffusion method originally described by Bechhold (19058), waé applied
to imminological analysis by Oudin (1946)} The simple aiffusion
method proved to be applicable to qﬁantitative as well as cualitative
analysis. A double diffusion technique which showed a high resolving
power was developed independently by Ouchterlony (1949) and Elek (1949),
and has been particularly useful for comparative work on complex
antigen-antibody systems and has largely replaced the Oudin method.
The Ouchterlony technique has been employed for analysis of the poly-

saccharide antigen of Staphylococcus aureus (Haukemes, 1962) and

Nocardia brasiliemses (Estrada-Parra et al., 1965). A

immunodiffusion aﬁalysis on extracts of whole cells of Staphylococcus

aureus (Oeding and Haukenes, 1963) and extracts of cell walls of
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corynebacteria, mycobacteria and nocardia (Cummins, 19865) showed the

presence of multiple antigenic specificities.

Immunoelectrophoresis which combined the separation by electro-
phoresis and followed by gel diffusion was first described by Grabar
and William (1953). A micro-technique by Scheidegger (1955) which
was carried out on microécopg,slid@s simplified the procedure,
shortened the time, and minimized the amount of antigen and antiserum
required. Grabar (1960) used the micro-technigue for the identifica-
tion of bacterial éntige@s by immuncelectrophoretic analysissv Recently,
immunoelectrophoretic analysis has bsen emfi@g@dlon ultrasonic extracts

of young vegetative cells of Bacillus cereus (Baillie and Norris, 1964)

and B. megaterium (Mastroeni et al., 1967) to show the presence of a

large number of antigenic comstituents.

-In a recent study on the isolation andlcharact@rization of two
group-specific antigens from C. hofmannii ‘Banach and Hawirke ( 1966)
obtained two peptide polymers designated antigen A and antigen B.

The antigens were ezﬁract@d.fxom ultrasomnic disintegxaﬁed cellg with
hot acid, purified by DEAE-cellulose column chromatography and sepa-
rated by rechromatography on a Sephadex 6-200 column. Biochemical
analysis showed that the two antigens were composed of a major protein
fraction with carbohydrate and a small amount of mucleic acid. The
sugars of antigen A were identified as arabinose and glucose. Ho

cross-reactivity was shown with other species of corynebacteria.

It is apparent that bacteria}l cells contain a large number
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of antigenic substances and it is now possible to isolate and purify
them by mild extractions and column chromatography on iom exchange

resins and gel filtratioms.



MATERIALS AND METHODS



MATERIALS AND METHODS
MEDIA

Trypticase soy broth (TSB, Baltimore Biological Laboratories)

was used throughout these studies and for maintaining stock cultures.
CULTURES

The strains used were Corynebacterium xerosis ATCC 7094,

Corynebacterium ETCC 10700 and laboratory strains of

ngwggb@gtgrigm equl and Corvanebacterium

diphtheriae type mitis and were tramsferred weekly im TSB.

The cell mass of C. xerosis was prepared from growth obtained
from 12 liters of TSB incubated on a rotary shaker at 37 C for 18
hours. The cells ﬁ@i@ harvested by using a Sharples centrifuge,
washed t&ice in saline, once in distilled water and stored at =15 C.
Twelve liters of broth cultures =+ yielded approximately 60 g wet

%eighi of cells.
PREPARATION OF ANTISERA

The vaccine of C. xerosis was prepared from cells - gécw@ at
37 C for 18 hours jn TSB, washed twice in saline and suspended in
0.2% formal saline to‘& density corresponding to a McFarland scale
No. 8 in the Bechman Model C colorimeter at 387 light transmission
using Klett tubes and red filter. The cell suspension was dialysed
againsﬁ 0.2% formal saline at 5 C for 48 hours and held at § C for

a week. Sterility tests were carried out and the vaccine was stored
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at § C.

Adult albino rabbits were used to produce antisera by the
procedure of Kabat and Mayer (1961) except that a total of 41.5 ml
of antigen was injected over a period of eight weeks. The immune
serum was collected one week after the last imjection and tested by
the standard tube agglutination. The reciprocal agglutination titers

of the sera were 512 to 1024. The antisera were stored at =15 C.

JMMUNODIFFUSION TESTS

A modification of Ouchterlony’s plate techmique (1949) was

applied.

2% Noble agar (DIFCO) was coated with a thin £ilm over the
bottom of a petri disiiéé (iﬁn@r diameter of 9 om) and then layered
with 20 ml of 0.8% Noble agar containing 1% sodium azide and 0.88%
NaCl. A hox‘izomtél trough of 0.2x 10 ¢m was cut out in the agar gel
plate and filled with undiluted antiserum. The wells were punched
out at a distance of 1 cm on each side of the antiserum trough with
a number one cork borer and filled with 0.03 ml of test antigens

which had been dialysed against 0.02 M phosphate-buffered saline (PBS),

pH 7.4. The plates were kept in & moist chamber at room temperature

S oveY

and observed daily for precipitin lines

& pericd of one week.

These technigue were applied to all stages of the preparatiom
of the test antigen and to a cross reactivity between the acid

extracts of the other species and the antiserum of C. xerosis.
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EXTRACTION OF ANTIGENS

The procedure was that of a modification of the Banach and

Hawirko (1966).

was

Fifty g wet cell mass suspended in 25 ml of 0.02 M phosphate
buffer, pH 7.4 and disintegrated in a Raytheon ultrasomic oscillator
at 10 Kﬂléec. for one hour. The crushed cell suspension was treated
with four vol of 09625 N HC (300 ml), held in a boiling water bath
for 10 min, cooled rapidly 0@’10@5 adjusted to pH 7.4, and centri-
fuged at 27,000 x g for 20 min. The clear, supernatant was concen-
trated to be 1/20 of the origimalrvolume and dialysgg against 0.02 M
PBS, pH 7.4 at 5 C for six hours. The crude acid extract was stored
at <15 C. A similar extraction procedure was followed using ome g

wet weight of cell mass of C. hofmannii, C. pyogene

C. diphtheriae type mitis. These extracts were tested foﬁ sexrolo-

gical activity by immunodiffﬁsion.

PURIFICATION OF ANTIGENS

a) DEAE-Cellulose Column Chromatography

The preparation of Diethylaminoethyl (DEAE)~cellulose (SIGMA)

was that described by Peterson and Sober (1956). DEAE-callulose

(medium mesh) was washed with distilled water, "~ - once im 0.5

N NaOH “o» v and washed with additional 0.5 N NaOH until no more
. fuvthir :

color was removed. The "o oo material was washed " in 20 vol

distilled water until the pH was become neutral and eguilibrated to
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0.02 ¥ phosphate buffer solution, pH 7.4 for 12 hours., The columm
(3.0% 75 cm) was packed by pouring the prepared slurry and equili-
brated by passing through two liters of 0.02 M phosphate buffer, pH

7.4 with a pressure of about 100 cm water.

The crude acid extract was subj@cted to ion-exchange chroma-
togzaphy using DEAE-cellulose as described by Banach and Hswirko
(1966). Sixty ml of the sample from approximately 200 g of the wet
cell mass was absorbed onto the DEAE-cellulose column and eluted using
a continuous linear gradient of 0.0 to 1.0 M KCl1 in 0.02 M phosphate

‘buffer, pH 7.4. The flow rate was regulated to about 20 ml per houy
and 100 fractions of 20 ml were collected at § C. Each fraction was
tested foi precipitin lines by immuncdiffusion; sexolegicailv active

fractions were pooled and stored at =15 C,

b} Chemical and Enzymatic Fractionatioms of Amtigen

The serologically active fractions from DEAE«cellulbse chzo@ae
togxaph& were adjusted to pH 12, hydrolysed for 30 min and acidified
to pH 4.7. The precipitat@‘was collected by centrifugation at 2,000
g for 20 min, dissolved in 50 ml of 0.02 M phosphate buffer, pH 7.4

énd dialysed against 0.02 M PBS, pH 7.4 overnight.

The solution was treated with ribonuclease (50 ug/ml) at 37 C
for 30 miny then with 3 ml of 2% protamine sulfate and 12 ml of 5%
streptomycin at 5§ C for 10 min. The supernatant was collected by

centrifugation at 10,000 % g for 20 min and dialysed against five
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liters of 0.02 M PBS, pH 7.4 for 16 hours.

Differential precipitation with ammonium sulfate (0.35-0.8
saturation) was carried out and the precipitate was redissolved in
30 ml of 0.01 M phosphate buffer solution and redialysed against

0.01 M PBS, pH 7.4 overnight.

The partially purified antigen was tested for chemical
stability 72k over & period of one month. Three oxidizing agents
{0.05% of potassium iodate, potassium ferricyanide and potassium
beriodate), two reducing agents (0.05% of cysteine and sodium gluta-
thione), and four dissociating ag@nts (6M vrea, 0.05% sodium lawuryl
sulfate, 5% Dioxane, 10% Dioxane, and 0.05% EDTA) were used as selec-
ted chemicals, After treatment wﬁichemicals,rth@ pH range of the all

systems was 6.5 to 7.9,

¢} Gel Adsorption

The dehydrated material, Bio-Gel HIP (BIO-RAD) was suspended
in 0.01 M phosphate buffer, pH 7.4. The column (2.5 % 20 cm) was
prepared by.pouring the materiai as a‘siurry andvequilibrated it with
the initial eluting buffer, 0.01 M phosphate buffer, pH 7.4, by
passing 500 ml of the same buffer through the bed over a periodvof

24 hours.

A load of 5 mg of protein fiom antigen solution per ml bed vol
was adsorbed onto the column and eluted with 150 ml of 0.03 M phosphate

buffer, pH 7.4. Antigen was concentrated by centrifugation using
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Sephadex G-25, suspended im 20 ml of 0.02 M phosphate buffer,pH 7.4

and collected by siphoning out (Flodin et al., 1960).

d) Gel Filtration on Sephadex G-200

The dry beads of Sephadex 6-200 (40-120 u) (PHARMACIA) were
hydratedvin a solution of 0.02 M PB3, pH 7.4, contai§§ 0.02% sodium
azide and 0.002 M EDTA, and placed at 56 C overnight. The slurry was
allowed to swell for two weeks at § C, then filtered through Whatman
No. 1 paper and decanted to remove the smallest particles. Then the
gel together with the excess of the buffer was placed im a vaccum

flask and aspirated until bubbling ceased.

A chromatographic column (2.5 % 100 cm) (PHARMACIA) was filled
with the same buffer, and a wide stem funmnel was attached to the top
using a rubber stopper. The hydrated gel was added and stirred coms-
tantly to settle the gel %hrough the stem of the funmel into the
column. A flow adaptor (PHARMACIA) was fitted and the column: wag:
equilibrated for several days with the buffer solutiom by upward
flow elution (Rothstein, 1965). To regulate the operating pressure, i
outlet tubing of the column was positiomed at about 10 cm below

the liguid level in the reservior, comtaimning elutiom buffer solution.

The sample solution containing approzimately 80 mg protein in
e
10 ml of the buffer was mixed with 10% sucrose, lajéd between the
gel bed and the buffer head, and eluted with the buffer at a flow

rate of approximately 9 ml per hour. Column effluents were collected
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in 3 ml fractions and the optical density of each fraction was deter-
mined at 280 @p,in & Beckman DU spectrophotometer. All experiment

were carried out at S'C,

The fractions from each of the two absorption peaks were
pool@dglfreez@adri@d under vacium, suspended in 10 ml of 0.02 M PBS,
pH 7.4 and dialysed against the same buffer. The one peak was sero-
lbgically active and was rechromatographed on Sephadex G-200, dialysed
against six liters distilled water for 48 hours, freeze-dried, amd
stored in a dessicator at room temperature. This purified antigen

was subjected to immunochemical amalysis.

Immunocelectrophoresis was carried out on microscope slides

. according to the method of Scheidigger (1955).

The supporting slides were coated with a thin film of 1.5%
Aéarose (NBC) which was dissolved in 0.05 M barbital buffer, pH 8.4
and then layed with 2.0 ml of ager. A trough of 0.2 * 6 om was cut
out with two surgical blades bound together and two starting wells
were punched ouﬁ at a distance of 0.3 cm on each side of the through
with a No. 18 hypodermic needle. The slides were commected to the
electrod@ vessels which contained 0.05 M barbital buffer of pH 8.4 in

buffer tamk by means of agarose wicks.

Five samples of purified antigen were filled in each of the

wells with a No. 26 hypodermic needle. The agarose wicks were dampen-
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ed with the buffer and thé Shandon slectrophoretic tank was connect-
ed to a Beckman Duostat D. C. power supply. Electrophoresis was
carried out for 60 min at 10 voltsfcm. After the rxun, undiluted
antisera were placed in the horizontal trough and the zeactiom was

allowed to develop at room temperature for 24 hours in moist chamber.

The slides were washed in 1% NaCl solutiom, inm distilled
water, dried, stained with saturated amino black solution for_a few
min, and destained with 7.5% acetic acid until clear (Parker et al.,

1962).

POLYACRYLAMIDE GEL ELECTROPHORESIS

The method was that described by Davis €1964) using the

Canaleco Disc Electrophoresis Trial Kit (CIC).

Samples of antigen contaiming IOOJ@g dry wei@hﬁ were mix@dr
with egual amounts of upper-gel in a total volume of 0.20 ml. Electro-
phoresis was carried out im Tris-glycine buffer, pH 9.5, for 60 to
80 min at 4 m. a. per gel coiumm using the Canalco Model 150 V. power
supply. After completion of the rum, the gel columns (0.5 % 6.0 cm)
were removed, immediately stained for 90 mim with 0.0025% coomarssie
brilliant green for protein and destained with 10% trichlorocacetic
acid. A modified periodic acid-Schiff (PAS) reaction was used for
staining polysaccharide (Stewart-Tull, 1965). The gel predried on
the glass plate was covered with a 1% sodium periodate solution,

replaced with distilled water, and the sulfur dioxide gas was passed
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into the water until the brown color had disappeared. The gel was
stained with 1% pararosaniline hydrochloride which had been decolori-
zed by passing SOy gas through the soclution for 30 mimn, washed in SGz
water and re-dried quickly at 80 C. The gel was a light purple and

the carbohydrate band was dark pink.

BIOCHEMICAL ANALYSIS
a) PROTEIN

The procedure of Kunkel and Ward (1950) as outlimed in
Kwapinski {1985) was folim«:@d with gamma globulin (NBC) as the

ét&mdaxd and r@éd at 570 .

b) CARBOHYDRATE

A modification of the Anthrone method of Scott and Melvim (
1933) was used with dextrose as the standard. The sample was kept

at 100 C for 15 min and read at 660 mp.
¢) PENTIOSE

The procedure of Winzler (1955) as outlined in Kabat and
Mayer (196” was followed with arabinose as the standard and read

at 670 .
d) HEXOSAMINE
A modification of the procedure of Rondel and Morgan (1954)

as outlined in Kabat and Mayer (1961) was followed with glucosamine

HC1 as the standard. Samples were hydrolysed im 2 N HC1 at 100 C
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for two hours and read at 540 M.
e) NUCLEIC ACID

The procedure of Warburg and Christian (1942), using DU Beckmam
spectrophotometer to measure the ratio of optical demsity at 280 mp

and 260 mu was followed for the nucleic acid determination.

£) DECXYRIBONUCLEIC ACID

A modification of the procedure of Burton (1956) as outlined
in Kwapinski (1965) was followed with thymus DNA as standard. The
sampl@s were extracted with 5% trichlorocacetic acid and the results

were read at 600 mpu.
g) PHOSPHOROUS

The procedure of Fiske and Subbarow {(1926) as outlimed im
Kabat and Mayer (1961) was followed with KHgPO4 as the standard

and read at 660 mh.
h) NITRCGEN

Nitrogen was determimed by -Ricro=kieldahl method as «F
eutlined in Kebat and Mayer (1061, =0 i
£) AMINO ACIDS

A Technicon Auto Analyser was used for determinatiom of amino

acids. Tiie samples were hydrolysed in 6 N HC1 for 18 hours, dried

in a desiwcator overnight, dissoclved im NJ/10 BC1l, and analysed.
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j) PAPER CHROMATOGRAPHY

Reducing sugars and hexosamine were identified by a descendirg
chromatography on Whatman No. 1 paper (46 x 75 cm) using phemol water
(80:20 by volume) as the solvent. 0.9 my samples were hydrolyzed in
0.3 ml of 2 N B30 at 100 C for 2 hours, neutralized with Ba(OH)9,
centrifuged to remove barium sulfate, and evaporated to drynessi:The
hydrolysed samples were dissolved im water and applied to the paper.
Each standard sugar was spotted separately and a mixture of all the
sugars was‘also spotted. Elution was tcarried ocut for 24 hours, the
paper was dried, ard reducing sugars were idemtified by sprayvirng with
aniline hydrogen phthalate reagent (Partridge, 1949). For the iden-

tification of hexosamine, dried paper was dipped guickly in silver

Mo E’ @

ritrate solution and dried in fume chank

MOLECULAR WEICHT DETERMINATION BY GEL FILTRATION

A modification of the Sephad@xmgelcfiltfation method of Andrews
(1964, 1965) was used for the estimation of molecular weight of the
anﬁig@m, The method followed was the same procedure as described in
previcus gel filtration on Sephadex G-200. 0.02% Blue Dextram 2000
(PHARMACIA), which was excluded from the gel imterior, was employed to

determine the void volume (Vo), the volume exterior to the gel phase.

Standards were ovalbumin (OA) (SIGMA CHEM. CO., 2 x crystallized)

mol wt 45,000%; bovine serum albumin (BSA) (NBC, crystallized) mol wt

® The mol wt values estimated by ultracentrifugal method
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67,000%; yeast alcohol dehydrogenese (YAD) (SIGMA CHEM. €0., 2 x
crystallized) mol wt 126,000%%; gamma globlinm (G8) (NBC, human frac-
tion II) mol wt 160,000; and ferritin (FN) (MRL, horse spleen, 2 x
cryst&liized) mol wt 790,000%. Reference proteins were used without
purification and experiments were dome at 5 C. Five my of each ESA
and GG, 3 my of ORA and YAD, 2 mg of FN, and § mg of antigen were dis-
sol&@d in § ml of the @quilibration buffer and the solution was
applied to the bottom of a column usingi%ample applicator. When &

half of the sample solution hzd entered into the gel columm, the

2
O

column efluates were collected with;graction collector #in 3 ml =
s

iy

Tractionsy:. The variation im the volume of eluate fractions was

% 39 (v/v) respectively.

The fractions were momitoried at 280 mp and 230 mu with Beck-
man DU spectrophotom@t@z, The elution volume (Ve) of a given solute
zone was taken im all cases as the volume of the comcemtration
maximum in the zone. The V@lvo ratios were plotted agaimst the log
mol wt of the individual referemce proteins to obtaim a calibration
curve. The antigen was fitted to the standard curve and the mol wt

estimated.

# The mol wt values estimated by ultracentrifugal msthod

% The mol wt values estimated by gel-filtration method
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Immunodiffusion of the crude acid extract obtained from the crushed
cells of C. xerosis yvielded only one precipitin line with the homologous
antiserum, but six protein bands by disc electrophoresis (Fig. g a).

The precipitin line remained present after each stage of the purifica-
tiom process (Fig.1'). No precipitin line was obtained with crude acid

extracts of C. hofmannii, C. pyogenes, C. equi and C. diphtheriae type

mitis with the C. xerosis antiserum.

The serclogically active fractioms of the crude acid extract
showed by immunodiffusion were eluted fro@i?ﬁﬁﬁec@llulose column at
0.3 M KC1 concentration in tubes No. 42 to 47 (Fig. 2) and showed three
protein bands by disc electrophoresis. The elﬁ%@s precipitated at pH
4.7, treated with riboruclease and salted out by ammonium sulfate preci-
pitation remained serologically active. The next stage of purification
by elution from the Bio-Gel HPT columm with 0.03 M phosphate buffer,
pH 7.4, showed two bands by &iéc electrophoresis. The finmal purifica-
tion by Sephadex 6G-200 column chromatography ( Figs. 3 and 4) gave an

eluate which showed one protein band by disc él@etrophor@Sis (Pig. 6 b).

The serclogical active fraction from the second stage of
purification was stable against the reducing agents (0.05% of cysteine
and sodium glutathione) and the dissociating agents (6 M urea, 0.05%
sodium lauryl sulfate,'Si Dioxane, 107 Dioxane and 0.05% EDTA) for a

peried of one month).
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The yield from 200 g of wet cell mass was approximately 32 mg
purified antigen. The antigen was relatively soluble im water and ap-

peared as a pale brown colored powder im dry state.

Micro-immunoe lectrophoresis of the antigen showed a single slow
migrating arc of precipitation (Fig, 5). Disc electrophoresis of the
crude acid extract yvielded at least six protein bands, whereas the
purified antigen revealed only one protein band at a distance of 10
mm behind the tracking band (Fig. § a and b). The periodic acid-
Schiff (PAS) method for carbohydrate showed a dark band on the same
positioﬁ as-the protein band, and a faint band at a distance of 4 mm
behind the first band (Fig. %2 a and b).

The biochemical analysis of the antigem for total proteinm,
carbohydrat@, pentose, hexosamine, nucleic acid, deoxyribonucleic

acid, phosphorous, and mitrogem is shown imr Table 1.

Paper chromatography of sugars and hexosamines of the antigen

showed that arabinose was presemt and possibly glucosamine.

The amino acid composition of the antigen obtained by the
Techai@dn Butomatic Amino Acid Analyser is shown im Table 2. The
majar amino acids were alamine and glutamic acid and relatively high

levels of aspartic acid, glycimne, leucine, and arginine.

The molecular weight of the antigem by gel filtration method

was estimated to be 145,000(Figs. 8 and 9 ).
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TABLE 1

BIOCHEMICAL ANALYSIS OF THE PURIFIED ANTIGEN

COMPONENTS PERCENTAGE OF DRY
WEIGHT
PROTEIN 82
CARBOHYDRATE 2.6
PENTOSE 0.8
HEXOSAMINE 0.5
NUCLEIC ACID 2.4
DEOXYRIBONUCLEIC ACID 0.14
PHOSPHOROUS 4.1
9.94

NITROGEN




TABLE 2
AMINO ACID ANALYSIS

AMINOG ACIDS RESIDUES/1000 RESIDUES
ALANINE 260
GLUTAMIC ACID 138
GLYCINE 104
ARGININE 93
ASPARTIC ACID 71
LEUCINE 61
VALINE 53
PROLINE 41
LYSINE 37
ISOLEUCINE 33
THREONINE 31
SERINE 31
PHENYLALANINE 16
ORNITHINE® 15
AMMONIA 17.7#5

# The ornithine probably comes from breakdown of arginine

' auring hydrolysis.

##% pmoles mitrogen / 0,75 mg of antigen,

26



Figure 1. Immunodiffusion with C. xerosis Antiserum against Various Antigemic .
Fractions. Well 1, Control; Well 2, Buffered Sonic Extract;
Well 3, Crude Acid Extract; Well 4, Purified Antigen.
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In the first attempt of purification of the antigem present in
the crude acid extract which gave six bands by disc electrophoresis,
the method followed was that used for isolating the precipitating
antigens of C. hofmannii (Bamach ard Héwixkog 1966). After DEAE-
cellelose chromatography éﬁd Sephadex 6-200 gel filtratiomn the antigen
gave two or three bands of protein by disc electrophoresis and was
eluted on the near void volume ogGS@pﬁéex column indicating a large
molecular weight complex. Furtbézypﬂrification was by treatment with
ribonuclease, precipitation with ammoniws sulfate, followed by Bio=Gel
PHT adsorption. The antigen still showed two bands and it was only
af%@x a second filtration on Sephadex €-200 that the serclogically active

fraction gave one band by disc electrophoresis.

The antigen appears to possess heat stable and acid resistant
. : ”
properiies and since it was eluted ff@ﬁ»@EAE»G@llulos@ column it appears

to have megaﬁive/ghazg@o Only one precipitin line was observed by

immunodiffusion throughout all stages of purificatiéne

The electrophoretic mobility of the antigen in agar gel was re-
1ativel§ slow and when immuncelectrophoresis was applied with higher
voltage (7 m a) or a longer time, the precipitin line resulted in larger
arcs of mcd@rate curvature. This suggests that the antigen may comsist
of a electrophoretically h@tefo@enous component with minute graduated

differences (Grabar and Burtin, 1964).
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Disc electrophoresis om polyacrylamide gel stained by coomarssie
brilliant green showed ome band indicating that the antigen was over
90 per cent pure with respect to protein. When stained by a modified
pericdic acid-Schiff technique for carbohydrates in the gel (Stewart-
Tull, 1965) in addition to the major carbohydrate a secomd faint band

éppeared which was difficult to interpret.

Biochemical analysis of the amtigen showed 82 per cent protein
by ninhydrin method. The three other methods for proteim, the phenol
method of Lowry (1951); modified biuret method of Robimson and Hogden
(1%40), aﬁd the'measurem@mt of ultraviolet absorption spectra gave
vari&bl@ results which may be due to the constituent amino acids and
the structure of peptides occurring in the antigen. The relatively
small amount of carbohydrate detected by the amthrone test sugg@stsl
that the antigen is a complex peptide. The nucleic acid present is mot
considered to be significant. Although ih@ lipid content was mnot tested,
the phosphorous analysis suggests a lipid compoment may be present.
Also a trial staining of lipid and lipoprotein (Uriel and Grabar, 1956)
of the precipitin line indicated the presence of lipid. The chemical
composition of the antigen appears to be similar to ihat of cell membrane
of group A streptococei which was shown to be chemically distimct from
the cell wall and was composed of 72 per cent protein, 26 percemt lipid,

and 2 per cent carbohydrate (Freimer, 1963).

The sucrose density gradient msthod of estimating molecular weight

can givé rise to errors since there are three independent parameters imn
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the Svedberg equation, the sedimentation coefficient, the partial
spacific volum@, and the diffusiom coefficiemt (Martin and Ames, 1961).
The molecular weight determination of antigen attempted by this method
proved to be unsuccessful. Molecular weight estimation by gel filtra-
tion involves the primciple of a comparison between the gel filtration
behaviour of a test sample with that of compounds which conform to an
appropriate relationship. This method has proved to be the most use-
ful because of its simpliciiy in operation, wide application and
equivalence with preparative @roc@d@r@ Kﬁndrews; 1964). Although anoc-
malous behaviour cam bs expected from glycopzot@iﬁg basiec proteim, and
those capable of undergoing association-dissociation reactions, com-
pounds with a carbohydrate content of only 3 - 4 per cemt such as
ovalbumin appesar to have little effect on molecular size, as compared
with typical globular proteins (Whitaker, 1963; Squire, 1964; Andrews,
1965). The method adapted in this study was a column design for
xeveise«flcw on gel filtration on as described by Rothstein (1965) and
allowed milder conditions and better sgparéiiom. Immunodiffusiomv
p@rformgd-with antiserum placed in a central well éceoxding to the tech-
nique of Oueht@rlony (1949), showed that the antigem had similar diffu-

sion coefficient to immunogloblin and this comcurs with the molecular

welight determimed by gel filtration method.

The antigem extracted from C. xerosis appears to be species-
specific since the hot acid extracts from other corynebacteria spscies

failed to give precipitin limes by immuncdiffusion. Similarly Cummins
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(1954) reported the presence of a type-specific protein in several

strains of C. diphtheriae but not in C. zerosis, C. hofmannii or

C. renale, but he did not carry out immunochemical analysis.

McCarty (1964) showed that an ester-linked D-alanine was an
important determinant in the specifity of group A streptococel
antigen. More recently, Jones and Lewis (1966) identified the deter-
minant group of cellular amtigens of C. diphtheriae as alanine by the
antibody-combining sites using immunofluorescent techniques. Further-
more, the antigen of C. zerosis im this study was showr to be highly
stable to various chemicals and was rapidly inactivated by pericdate
oxidation, so that the determinant groups of antigern may be presumably
a small component such as a single amino acid, sugax, or a combination

of them.

Further studies of the antigen are needed to establish the

nature of determinamt group and the relatiomship to the cell structure.
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