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ABSTRACT 

CAMERON, C. M., MINNAAR , J. L. & PURDOM, MARY R ., 1969. Immun izing pro
perties of Corynebacterium pseudotuberculosis (Bucha nan, 19 11 ) cell walls. Onderstepoort J. vet . 
Res., 36 (2) , 211 - 11 6. 

Mice were successfully immunized with pu rified cell walls. The immunizing propert ies were 
not affected by extraction with ether: ethanol or trichl oracetic acid but were destroyed after treat-
ment with fo rmamide. • 

I NTRODUCTION 

The absence of a serological test which could be 
used as a measure for protective immunity, is a major 
obstacle in the development and evaluation of an 
effective vaccine for immunization of sheep against 
infection with Corynebacterium pseudotuberculosis 
(Buchanan, 1911). In order to overcome this problem 
a study was undertaken to determine which antigen 
is responsible for inducing a protective immunity. 

In a recent paper Cameron & Minnaar (1969) 
showed that mice could be satisfactorily immunized 
with formalized whole bacteria injected together with 
an adj uvant. It now became necessary to find which 
portion of the organism was concerned in this process. 
The immunizing properties of the cell walls and 
protoplasm were fi rst compared and, when it became 
apparent that the cell walls were more potent, they 
were examined in greater detail. 

Whole bacteria were mechanically ruptured and the 
cell walls subjected to standard purification procedures. 
In order to gain further information on the nature of 
the antigen, enzymatically purified cell walls were 
subjected to extraction procedures which are commonly 
used in the study of cell wall antigens of Gram positive 
bacteria. Ether: ethanol is known to remove the loosely 
bound surface lipid of C. pseudotuberculosis (Bull & 
Dickinson, 1935 ; Jolly, 1966) and extraction with 
trich loracetic acid (TCA) is a recognised procedure 
for removing teichoic acids (Amstrong, Baddily & 
Buchanan, 1960 ; Morse, 1962). Formamide has been 
used to prepare polysaccharide antigens from strep
tococci (Krause & McCarth, 1961 ; Heyman, Manniello 
& Barku1 is, 1963) and Propionibacterium spp. (Allsop 
& Work, 1963). These procedures were applied to 
C. pseudotuberculosis cell walls. 

The ability of the cell walls to induce protection 
in mice as well as their chemical composition was 
determined after each step in the purification and 
extraction process. 

M ATERIALS AND M ETHODS 

Production of bacterial cells 
C. pseudotuberculosis strain 137B was used in all 

the experiments. Masses of cells were produced in 
static cult ures as previously described (Cameron & 
Swart, 1965). The cells were harvested by centrifuga
tion , washed twice with distilled water and stored at 
- 20oC. 
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Preparation and purification of cell walls 
The method used for break ing the cells was based 

on the procedure described by Bleiweis, Karakawa & 
Krause ( 1964). Twenty grams of packed cells were 
suspended in 80 ml 0.05 M phosphate buffer (pH 8.0). 
The suspension was divided into three portions and 
each portion mixed with 30 ml glass beads (0.17 mm 
diam.). The portions were shaken in a Braun homo
genizer model MSK* at 4,000 rpm for 5 min taking 
ca re to keep the chamber cool. 

After di sruption the portions were pooled, diluted 
with 90 ml cold di stilled water and the beads allowed to 
settle ou t. The cell wall s and unbroken cells were 
separated from the protoplasm by centrifugation at 
40,000 g fo r 30 min at 4 oc. 

The sediment was resuspended in 180 ml buffer 
and the unbroken cells and cell wall s were separated 
by a modification of a technique described by Ribi & 
Hoyer (1960). Linear sucrose gradients (200 ml , 0 to 40 
per cent) were prepared in 250 ml centrifuge bottles. 
Thirty millilitres of the suspension was layered on 
each bottle and centrifuged at 600 g for 1 hour. The 
cell wall layer was drawn off, one th ird volume of 
distilled water added and centri fuged at 20,000 g for 
30 min at 4 oc. The cell walls were washed twice with 
cold distilled water, suspended in disti ll ed water and 
examined fo r purity by electron microscopy. 

The cell walls were freed of resid ual protoplasm 
and ribonucleic acid by treatment with ribonuclease, 
trypsin and pepsin as described by K wapinsky (1965). 

Chemical treatment of" cell walls 
Enzymatically purified cell wall s were successively 

extracted with ether: ethanol , TCA and formami de. 
Aliquots were collected after each stage, washed twice 
in distilled water, lyophilized, and used for chemical 
analysis and immunity experiments. 

Ether: ethanol extraction was carried out by suspen
ding the cell walls obtained from 20 g of wet cells in 
a mixture of 50 ml ether and 30 ml absolute ethanol 
and stirring for 18 hours at 4 oc (K wapinsky, 1965). 
Hereafter the cell walls were washed once in distilled 
water and extracted with 80 ml 10 per cent TCA for 
five days at 4 oc. Extraction with formamide was done 
as described by Krause ( 1967). 

Chemical analysis of cell walls 
Protein was determined by Lowry's modification of 

the Folin-Ciocalteu method (cited by Kabat & Mayer, 
1964). Five milligram samples were weighed out and 

(*) Bronwill Scientific , Rochester, N .Y., U .S.A. 
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lOml oflNNaOHadded to each sample. The tubes were 
heated in boiling water for 10 minutes. The cell wall 
material did not go into suspension completely. One 
millilitre quantities of the boiled suspensions were 
used fo r testing. 

For carbohydrate analysis it was found necessary 
to hyd rolyze the cell wall material before testing. 
Samples were suspended in 0.1 N H 2SO 4 to give 0.5 
mg per ml , and heated at 60 °C for one hour. The cell 
wall material did not dissolve, but the particles became 
smaller, and a more representative sample could be 
obtained. 

Hexoses were estimated by the anthrone reaction of 
Scott & Melvin (cited by Kabat & Mayer, 1964). Five 
millilitre volumes of the hydrolyzed suspensions were 
used. The material dissolved completely in the con
centrated sulphuric acid of the anthrone reagent. 

The Bial reaction (cited by Kabat & Mayer, 1964) 
was used to determine pentoses. One millilitre of the 
hydrolyzed suspension was diluted with 1.0 ml dis
tilled water. Ferric chloride reagent (2 ml) was then 
added, followed by 0.2 ml of 10 per cent alcoholic 
solution of orcinol. The mixtures were heated in 
boiling water for 30 min in order to obtain full colour 
development. The cysteine HCI-sulphuric acid method 
of D ische (cited by Kabat & Mayer, 1964) was also 
employed to determine pentoses but was found to 
give variable results. 

Phosphorus was determined by the ascorbic acid 
method of Chen , Toribara & Warner (1956). The wet 
ashing method did not give reliable results, so dry 
ashing was used. Ten milligrams samples were weighed 
out into crucibles , and heated in a furnace at approx i
mately 500 oC for about an hour. Two millilitres of 
distilled water, and I ml of IN HCI was added to the 
contents of each crucible. The solutions were gently 
evaporated to dryness, taking care to avoid spitting. 
The solids were then redissolved in distilled water, 
and the volumes made up to 25 ml , including 4 ml of 
test reagent, in volumetric flasks. The normal volume 
used in the test is 100 ml , but as only minute amounts 
of phosphorus were present, 25 ml was found to give 
better colour production. 

N-acetyl hexosamine was estimated by the method 
of Reissig, Strominger & Leloir (J 955). It was found 
necessary to pretreat the cell wall material to liberate 
the N-acetyl hexosamine. The required quantities of 
cell wall material (2.5 mg) were weighed out, and 
suspended in 3.5 rnl ofO.OlN HCI. The test tubes were 
plugged with cotton wool and placed in an oven at 
100 °C for 10 min. The contents of the tubes were 
then evaporated to dryness in boiling water to remove 
the hydrochloric acid . The solids were resuspended in 
2.5 ml distilled water and 0.5 ml al iquots were removed 
for testing as required. Each analysis on a particular 
sample was repeated three or four times in order to 
control the technique and obtain a reliable result. 

PLATE 1.- Eiectronmicrograph of C. p seudotuberculosis cell walls 
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Imm unity experiments 
Each antigen was tested for immunizing activity by 

ad ministering two injections of 1.0 mg, 0.2 mg and 
0.04 mg respectively to three groups of ten mice. All 
the antigens were emulsified with an equal volume of 
Fre und 's complete adjuvant*. Control mice received 
Freund' s complete adjuvant emulsified with saline. 
Late r experiments were done in triplicate and each 
set of 30 mice was chal lenged with 10 6, 2 x 10 5 or 
4 X 10 4 live bacteria. Immunity was assayed either by 
co unting the total number of live bacteria per sp leen 
6 to 8 days after infection or by recording the cumula
tive deaths. 

D eta il s of the animals used , immunization sche
du les, preparation of challenge material , the technique 
used fo r counting the total number of bacteria per 
spleen a nd expression of the results in terms of the 
Tangens values of the cumulative death rates have 
been outlined in a previous paper (Cameron & Min
naar, 1969). 

RESULTS 

Preparation of cell walls 
Despite repeated efforts using a variety of buffers 

and procedures, whole cells and cell walls could not be 
satisfactorily separated by differential centrifugation. 
Intact cell wall s invariably sedimented with the un
broken cells and showed a marked tendency to aggre
gate. On the other hand some of the unbroken cell s 
became imbibed and floated to the surface. These 
problems could only be overcome by using a sucrose 
grad ient. The whole cells sedimented to the bottom 
of the centrifuge bottles and the cell walls and cell 
wa ll frag ments formed a well-defined band about one 
thi rd down the gradient. As shown in Plate 1, the mate
ria l obtained by thi s procedure was completely free 
from unbroken cells. 

Immunizing properties of cell walls 
T he results of an experiment designed to determine 

which p ortion of the cell is responsible for induci ng 
a protective immunity, are shown in Fig. 1. W hole 
ce lls gave the best results but were only slightly supe
r ior to untreated cell walls . It is doubtful whether this 
difference is of any significance. The degree of increased 
res ista nce produced by protoplasm can probably be 
acco un ted for by the presence of cell wall antigen 
which was liberated during the process of d isruption. 

Effect of chemical extraction procedures on the immu-
nizing properties of cell walls 
Enzy matically purified cell walls were successively 

extracted with ether : ethanol , TCA and formam ide 
and the a bility of the cell wall s to induce protection 
was assayed in two experiments. 

I n the first experiment, the experimental mice were 
cha llenged with 2 x I 0 5 live bacteria. The results of 
the total spleen counts of bacteria are shown in Table 
I . N umerous mice died before the spleen counts were 
made. If these mice had survived , they would probably 
have had the highest number of bacteria per spleen. 
This would have inft uenced the final result considerably 
and given a much higher average count, particu larly 
111 the .cont.rol and formam ide groups. The appreciable 
vanat10 n 111 the spleen counts within a group also 
made interpretation difficult. 

(*) Difco Laboratories, D et roit , Michigan, U.S.A 
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FrG. ] .-Comparison of immunizing properties of whole 
bacteria, cell walls and protoplasm 

Tn the second experiment, the mice were ch a llenged 
with 4 x 10 4 live bacteria and the cumulative deaths 
recorded in Fig. 2. There was a difference o f o nl y 0. 13 
in the Tangens values between the group which had 
received formamide extracted ce ll wall s and the con
trol group, while the differences for the ether : etha no l 
group and the TCA group were 0.44 and 0.3 5 respec
tively . The results correspond to those in the first 
experiment but a re more distinct. Ether : etha no l had 
little effect on the immunizing potency o f the cell 
wall s, but extraction with formamide markedly re
duced their ability to induce a protective immun o
logical response. 
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FiG. 2.-lmmunizing properties of enzymatically purified 
cell walls (cw) after successive extraction with ether : 
ethanol , TCA and formamide. - Mice were cha l
lenged with 4 X 10 • bacteria 
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TABLE I. -- To tal spleen cow1ts of mice immunized with purified cell IVa/Is and subjected to different extraction procedures 
Spleen counts x 10 3 seven days aft er cha llenge with 2 x 10 '; Jiving bacteria 

-==--==----~=-=----=--=--=--=-=--~=-=---_-_-.,---_-_-_---_-_-_·-_-_-___ - _-_-_-c=_-_-_-_. -- -~ ------------

I_ 
T reatment of cell walls Contro ls Ether: Etha nol Ether : Ethanol a nd TCA Ether: Etha no l, TCA 

& Formamide 
--~~- ------~---

Dose mg x 2 / - I - 1. 0 1 0 .2 1 0 .04 1.0 I 0.2 0 .04 -~~~--~~~-~~~ --~-------- - ------ --- --- ---- ---- - --- -----

Mouse No. I 

I 
148 .0 

I 
480.0 0 .62 6.60 44. 00 0. 10 6.80 0. 13 2.00 61 .00 I 6.01 

2 132.0 12.5 5. 60 24.00 2 .90 3 . 80 8. 40 14. 00 1 . 10 52.30 46.00 
3 180.0 39.0 0.30 14 . 30 0 .64 2 . 18 62 .00 c 1.20 2 . 50 52 .00 
4 

I 
46 .0 240 .0 0 . 23 c 2 .30 56 .00 2. 50 10.20 4.00 D c 

5 D D l. 20 c c 14 . 60 0.90 62. 00 2.00 D D 
6 D D 1.80 0. 90 c 2 .10 0.20 1.20 12.60 D 

I 

D 
7 D D 0 . 10 18.30 D 52. 30 0 .20 16. 00 4.80 D D 
8 D D 0 . 70 6. 80 D 3.80 0 .40 D 0 .00 D D 
9 D D l. 90 2 .50 D 43 . 90 D D D D D 

10 D D 0 .40 18 .80 D D D D D D 

I 

D 
Mean spleen count of sur-

135 .0 193 .0 11 .50 19.9 VIVIng llliCe . .. . .... . . 1 .20 12 .20 10.2 17.2 3 .5 39. 3 34.7 

C- Plates contaminated D - Died before 7th day 

TABLE 2. - Chemical analysis of cell walls 

Materia l I Batch No. I Protein I H exose Ph osphorus I N-acetyl Pentose 
- -----,----·- I 

- -----
! 

% % % % /~ 
U ntreated cell walls I 25. 0 13 .2 1.4 1.6 

2 32 .2 19 .2 0 .25 5.9 16.25 

Pur ified cell walls I 6. 25 15.7 0.045 4.2 24. 3 
2 11.0 22 .1 0.06 6. 6 16.3 

P urifled cell walls 1 8 . 9 17 .8 0.041 5.2 20 . 6 
extracted with et her: etha nol 2 12.0 22 .0 0 .06 6. 6 II . 9 

Purified cell wa lls I 9. 1 18.7 0.06 7.0 12.3 
extracted with 2 10. 8 22 .0 0 .06 10. 8 21 .45 
et her : et hano l a nd TCA. 

Pu ri fled cell walls I 4.43 16.3 0.07 7.7 
ext racted with 2 
ether : e th anol, T CA, a nd forma mide 

Ether : Eth a nol 2. 0 3.95 0 . 12 0.2 3.25 
extract 

21 4 



Chemical composition of cell walls 
The chemical analysis of two batches of cell walls 

after the different purification and extraction proce
dures is shown in Table 2. 

Although there was some difference between the 
analysis of the two batches , there was little change in 
the chemical composition of the cell walls following 
the successive stages of extraction . The only ma rked 
change was a drop in protein content after formamide 
extraction . The slight discrepancies in the analysis 
following the extraction procedures and differences 
between the two batches of cell wall s were not due to 
the techn iques used , because repeated analysis of a 
particular preparation always gave consistent a nd 
reproducible results. 

DISCUSSION 

Antigens capable of inducing a protective immunity 
have been found to be localized in the cell walls of a 
variety of bacterial species for example, Mycobacte
rium tuberculosis (Ribi, Larson , Wicht, List & Goode, 
1966), Listeria monocytogenes (Klasky & Picket, 1968) 
and Bordetellapertussis(Munoz, Ribi & Larson, 1959). 

Our results clearly show that the immunizing anti
gen of C. pseudotuberculosis is also present in the cell 
wall. By applying standard extraction procedures we 
hoped to obtain some information on the chemical 
nature of the antigen concerned . Removal of surface 
lipid by ether : ethanol extraction did not alter the 
immunizing activity of the walls. Although the lipid 
contributes to the virulence of the organism (Jolly , 
1966), our results indicate that it does not play any 
role in inducing immunity. 

Antibodies to teichoic acids have been shown to 
be of importance in promoting phagocytosis of staphy
lococci (Mudd , Yoshida, Li & Lenhart, 1963 ; Came
ron, 1969). This however, does not seem to be true 
in the case of C. pseudotuberculosis because prolonged 
extraction with TCA did not decrease the immunizing 
activity o f the cell walls . Moreover, there was no 
significan t drop in the phosphorus content of the 
cell walls and virtually no precipitate could be obtained 
by alcohol or acetone treatment of the extract. Jt 
therefore appears that C. pseudotuberculosis walls 
contain very little teichoic acid . 

The immunizing activity of the cell walls was 
markedly reduced after formamide extraction at 
180 oc. H owever, very little material could be reco
vered by acetone precipitation of the formamide 
extract. T his suggests that no effective extraction 
occurred but that denaturation was responsible for 
loss of biological activity . 

The differences in the chemical analysis between the 
two batches of cell walls tested and the slight di s
crepancies in the analysis after the successive extrac
tion procedures, are probably due to changes in the 
solubi lity of the cell walls and a resultant alteration 
of their susceptibility to hydrolysi s. This would result 
in a variation in the release of chemically reactive 
cell wall components. There were, however, no drama
tic changes in the composition of the cell walls after 
the different extraction procedures. This is in accor
dance with the finding that there is little change in the 
immunizing properties of the cell walls until the for
mamide step, a nd supports the view that the antigen 
responsible for inducing a protective immunity is an 
integral part of the cell wall. 
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SUMMARY 

Mice were successfully immunized with cell walls 
of C. pseudotuberculosis. Purification of the cell walls 
with ribonuclease, trypsin and pepsin and subsequent 
extraction with ether : ethanol , and TCA did not 
materially change either their chemica l composition 
or their immunizing potency. However, after extraction 
with formamide at 180 °C the biologica l activity was 
markedly reduced . It is concluded that the protection 
inducing antigen is an integral pa rt of the cell wall. 
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