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MW VIRULMEE OF PURINEAUZtM BPH OF BACILLUS ANHRACIS

(Following is a translation of an article by G. Ivanovios and
R1izabeth Ihrjai,, University of Siege4 Hungary, published In
the German language periodical,, Zentp Ea ,~ 193, 19%.9 Pages
363-75. Translation performed by`%=Ec-e L. Inst.)

The mininma nutritional requirements of Bacillus anthiracis can be
met with an amino acid mi~xture,, salts and glucose (Gladetone 1939). Thio
pathogen requires no exogenous vitamins and na-Aeic acid-bases,, even
though they do enhance the development of its cultures (Brewer and
Mitarb 1946).* Previouslyv we reported that under nutagenic influences
mutants can be isolated of cultures, which require additional bases or
certain vitamins: (Ivanovices Varga! and arjai 1,-63) * In the course of
our investigations we have isolated and studied 186 such aniotrophic
mutants with special requirements (Ivnovicss Varge and Narjai 1964).
Nore than half of the auxtrophs required some purine base. These
purine-auxotrophs could be divided into -six groups according to whether
they required single Dasess, as adenline, guaninej, hypoxanthine or z~athiliep
orocmbinations of bases# In four of the groupos, ft l, ft 2y Pu3j, ft 4
.do naovo purine synthesis appeared to be identical to that of Antorc-
bacteriales ( Nugasanik 1962).

The place of the presmed block In the four groups of our auxotroph
* Is Illustrated In Figure I* It should be noted that with the compon=Ut

* ~of group Pa 1, where base synthesis proceeds from ribose-5-phosihate
in 13 steps to inosimic acid,, the block could occur in several placeqe
The genotype of the mutants utdch can be satisfied with hypozanthine
could be different* A place for the block will be considered which applies
for the mutants on~jY.

The auxotropha were isolated fron an acapsular wuxtat of one of our
laboratory strains (Vollum-strain). Since the original work of Preiss
(1906) it is )k1ow that the capsul has a basic role in the virulence of
Be anthracis. While virulent strains exist as encapulated bacteria in
5-25% 002 and form macaid colonies (N~hgestbr, 1.929,, Sterne 193?,
Ivanovics, 1937),, the acapsular strains do not produce no capsula under
these conditions. Newer investigations (Thorne,9 1960, NyAnell 1.963) have
shown Lu the pgpulations of acapsular strains (C-) small swumb~er of

* encapsulated C uuatations (reverted) can occur. The auxotropbs we used
were isolated from acapsular (Vc- mutants of the Vollum strains. The
goal of this study was to produce encapsulated mutants of purimw-
auxotrophs and to prove their virulence. During this study we found
that the members of group Pau J-amxtropha,, whose purins requirement ws

* ~met by adenine, were oompletely non-pathogenic. With thes studies
we hoped to be able to comprehend. the biochemical basis of on or

*more of the feators whisk play a role In the pahgn or of b. ithzaois.



Methods

HediUa was prepared essentially as described earlier (Ivanovc
and coworkers 1964; Ivanovics 1962). YP- yeast extract peptonz mediw
BCH 0 vitamin free casein-hydrolyeto basal medium plus thiamin. This
is identical to MCK (Ivanovios et al 1963); XC - yeast extract-oasein
hydrolysate medium.

.Determination of the requirements of the amcotrophs

The aUXotrophs were maintained In the form of spores and were
used as inoculuma Their base requirement was determined by using all
four bases (10 ug/ml) in BOH.-agar and inoculating this. QMUaitatiw
determiinations of nutritional requirements were performed using BCH
solutions and growth was expressed as 9pptoal density. (Growth as it
was dependent on the concentration of bases).

Investigation of capsul formation

CT,-agar plates containing IaHCO3 were inoculated and incubated in
2% 002-air (Invanorics 1962). Isolation of encapsulated (C") matants
from acapsular (C) trains in vitro was done similar to the method t
Maynell (1963): (•0• ,l. of the YC-agar (500C) containing Hco3- was
mixed with 2 Al WaC-phage-lysate (Ivanovics 1963) (1010 per ml of
plaque forwrs) and poured into plates. The plates wereinolated with
a heavy suspension of spores of the acapsular strainsBl0-10 spores per
plate) and the cultures were put 002-air. The mucoid colonies were
suspended in anti-Wa phage solution and subcultured similarly* The
strains obtained were not lysogenc.€

Virulence was determined by inoculating mice subcutaneously with
the spore-material. The bacteria were isolated from heart blood of
dead animals, and their mtritional requirements checked with BCH-agar.

Results

The purine-auwtArphs investigated and their requirements.

For these trials the strains described were chosen (Ivanovics and
coworkers l964). The strains were in three groups (Pu l, Ph 3#,Pu Pa)
no 'leak'" strains were included. They were marked (desiuated) by
their isolation number, behavior of capsul formation and nutritional
requirements. Based on their food requirements the follouing points

by-; The bloc is fead befor in-oslic said aqnthesis and its re-

quirmuta are satiesfed with all four bases (adad es, guaninsp, Ipa-
mtdm, xanthJinI.

ad-; requires specificall &ade=n
gu-; utiliss only vm
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)�3P.rther, the strains can be characterized as follows: The hy-
aurcotrophs can utilize inosine, adenosine and deogyadenosine as well
as the four bases. AderVlic acid or inosinic acid were not. utilized
(or only very minimally). This may indicate a connection with the
minimal decomposition of nucleotides.

Mho requirements of the ad-stramin could be met with nucleouidee
of the bases as well as with adonine., but did not utilize nucleotides.
A sintlar phenomenon was exhibited by the gu-auxotrophs.

The hy-strains behaved somewhat more variably in quantitatively
utilizing the individual bases, especially in reference to the speed
of utilization (table 1). The conditions varied from one case to another,
as may be -ocn in the table using strains 61 Ch" as an erasple.

The ad- auxotrophs required somewhat greater quantities of the
baze than the other purine-auxotrophs* An insight of the growth-
reac 'ioiz of the one strain is presented in figure 2.

Vir-lcnce of acapsular strains. The single factor of the virulence
of B. anthracis is capsule formation. Acapsular mutants kill animals
only after very high nwdbers of organisms are present. At the sight
of injection in the aninal rather large oedemas form from which the
infection spreads and eventually kills the animal. tacteriological
investigation of blood gives evidence of non-encapsulated bacteria
(Sterne 1937; Stamatin 1937; Ivanovics 1938). More recent reports

O found that in populations of acapsular strains encapsulated mutants
may also be present (Thorne 1960; Neynell 1963).

The capsular mutants may already be present in the inoculumu or
they could arise during the course of the limited uultiplitation of
the acapsular bacteria within the animal. Through selection the typical
picture of anthrax results with its usual bacteriological observation.

.'.hen mice were inoculated with 106 spores of the parený acapsular
Vollum, otrains (VC-) they lived. When quantities of io 7 -I0 were used
a pfrt of them died. As a rule the encapsulated reverted mutants,
(VC ) were isolated from their heart blood. Sometimes VC" and VC
bacteria were observed next to each other in the blood of the animals;
othcrtimes only VC" were found during bacteriological studies. According
to Thorne (1960) the death of the animals may be due to a toxin effect
in the case of the acapsular mutants.

In order to ascertain whether the acapsular mutants exhibit some
pathooenic properties we have injected large nmnbers of mice. We did
not inject spores, but rather injected the vegetative forms intraperitoneally.
24 hours cultures prepared in YP-agar were used as thibk suspensions in
calino and enmloyed for injection; 0.5 x 107 to 2 x 100 colorW forming
units ware inoculated. The suspensions of the strains contained bacteria
in chains of varying length. The results of the trials performed with
various purine-auxotrophs are sumuarized in table 2.

o 3.



()It can be seen that none of the 56 animals inoculated with the
ad-strains died, uhcrzas =Vuny of those injected with the other auxotrophic
groups died. The strains isolattd from heart blood of those animals
all -tain*d their original auxotrophic properties. The isolated bacteria
(from heart blood) could be different however, corresponding to the
individual animals. In a considerable nu;%ber of them mucoid (encapsulated)
bacteria were found; in other cultures only acapsular bacteria were ob-
served, and in still other cases both encapsul ated and acapsular bacteria
were present timultaneously.

In the case of strain 30C-gu- no encapsulated bacteria could be
isolated from arr of the animals. It could have been that this strain
did not rxevert (Ieynell 1,063) but it was shown that an encapsulated
variety could be formed in vitro.

Isolation of encapsulated auxotrophs in vitro. After all mice in-

fected with, -mtsnt ad- reained alive. We hoped to obtain encapsulated
varisnts from tlem via phagc-plates. I4 this way encapulated strains

could be obtained from all the strains -e studied. When the phago- 6
plates were inaculacd with spores, we obtained a proportion~of 3/10
mucoid colorq-ozone,-units. These encapsulated strains 6 C ad-,
20 C4 ad-, 23 C+ ad- and 83 C*ad", retained their s;oio '-c ro'ul:f-
r;-'-j lor *.deninre

In this way encapsulated mutants could be isolated from other

auxotrophs, na.-w2,y strains 5 C+7h, 58 Chy", 61 C04y' as well as 30 C+gu7.
In further experiments we used as encapsulated auxotrophs the strains
obtained in vitro, because in the isolation of this clone the effect
Of selection on virulence was not involved.

o dom strain 23 O+ad a pnotrophic reverted mtant could be made.

flC'M-agar plates were inoculatcd with large numbers of spores of the
oncapsulated auxotrophs. Prototrophs isolation was atteMpted in this
-ay. i'rototrophic reverted mutants could be obtained in a proportion
of 10-7 from the strain. This(prototroph) appeared to be identical
in phenotype to the wild strain VC in capsual formation as well as
in nutritional requirements.

It appears that capsu3sformation is completely independent of the
phcnot.ype of the individual: auxotrophs. This may moan that in the
mutants we studied, capsule formation is not related to the genetic
dcfect in purinc synthesis.

Virulence of encapsulated purine-auxotrophs

Virulence was determined via subcutaneous inoculation of mice with
spore sus,,ensions. The control material was the wild strain VC and
the reverted mutant 23C~ad+.

With very few exceptions, mice infected with 10 spores of strain

VC+ died. In order to illiminate sources of experimcntal error 20

spores were considered as the smallest lethal dose (DLM).

;:'1• '



Q Grou's o; 6 mice weighing 24-28 g were infected with 2 x 10,
x 102, 2 x lo- spores rcspectively. In certain cases 10', l0•
wcre used. The infected aninals were placed into two groups. .dne-
half recoived 1 mg of the corresponding bases and later 0.5 mg intraper-
itonvally at 12 hour in~trvals. The observations were carried out over
three wee:s. All dead anLyals were "worked up" bacteriologically; their
heart blood was inoculated on YP-agar, and the nutritional requirements
of each strain were checl'ed. The dose that killed 2/3 of the animals
w.as considered to be the DLM (minimum lethal dose). Only dead animals
with positive bacteriologicak findings were then considered for anthrax.
Sometimes the isolated strains were not auxotrophs, but rather prototropha.
This was evaluated corre-pondingly. The experiments were done at least
twice and the results combined. The data represent average results. In
cases of completel,- identical results the range is listed.

One difficulty encountered with the bases was that adenine became
to.•ci after several injections. Therefore, a maxim= of S injections
(totally 2.5 re in 3 days) was used. The effect was considered toxic
when the dead •nrmals showed no pathological changes (oedems) and the
bacteriological picture was negative.

The difficulty with guanine was that it was somowhat insoluble in
water; it was injected as a water-suspension.

10. two nials died of 75 which had been infected, with doses of

2 x 10-'-2 x 106 of the four encapsulated strains but not treated with
O adenine.

The bacteriological report was negative for both. That meant that
death vras not attributable to the igfeotion, eight animals died of 58
which had been infected with 2 x lO.-2nJ lO I spores. This had been
repeated w:ith adenine treated mWc e. Sections and bacteriological reports
wore negative in 7 cases; one case had both reports positive. The
:train cultured out was not ad,, but a prototrophic reverted strain.
In one excprimont the animals received besides adenina simultaneously
an equal amount of hypoxanxhin•e Thirty six mice had received spores
of the four ad-strains (IO-10> colony formint units). Four animals
died one with negative bacteriology. The prototrophic variants could
be isolated from the blood of the other three. The ad" strains were
non-pathogenic when 5 zg histidine was given along with adenine.

In contrast all of 10 animals died when inoculated with 2 x 10
spor. s of 23 C+ AdW. This was similar to the wild strain.

The results of the encapsulated, adenine requiring strains showed
the follo.irng. Of 185 animals inoculated with 200-2 x 10" spores (not
treated with adenimn) none died due to the pathogenicity of the ad-
auxotrophs.

On the other hand the strains of phenotype hy'. and gu', after
enrichment with the corresponding base-or even without base-proved toO be pathogenic in mice. Seventy two mice were infected with the three
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O lhy-strains (2W0-O06) and half were treated with hypoxanthine. Of the
tra-tcd nice 27 died; of the untreated 25 died. All dead mice had a
positivc bacteriological report. Seventy eight animals were sim4,larly
trcated with gu'strains. Of 78 animals infected with 200-2 x iO spores
57 died.

Table 3 prcsents a general picture of the experiments which were
performed using 8 encapsulated aUxotrOphs.

The ori_=inal (VC+) strain and that isolated from a revertant 23 Cad
adenine-awuotroph 239+ad+ proved to be equally virulent. The ad- mutaons
even at levcls of 10 were not lethal for mice. The adenine treatment
did not Influence the infection in this case. The hy- awxtrophs were
very virulent even when not treated with bases. One strain did exhibit
incroased virulence afIer repeated addition of the bases. Auxotrophs
of ,u showed si;ilar behavior, but these caused lethal infections even
without this.

Discussion of Results

It is interesting that one group of purinc-auxotrophs of B anthracis,
nam'-ly cne which is dz-pendent on adenine, is completely non-pathogenic
for -nice. The re.EUlts seem to indicate that the apathogenesis of these
nutants cannot be explained with the adenine requirement of the organism.
These bacteria do not multiply in vivo, even if the 25 gram mice are
-Iven 1 rig adenine intra:ýeritoneally for two or three days after the in-
fection. The adenine requirement of these strains can be met in vitro
with 10-15 ug/ml of base. Greater quantities of adenine could not be
used because of its toxicity.

There arc other examples, that adenine-auxotrophs of certain patho-

agens, like Salmonells typhi and Pasteurella pestis, can kill the animals

they infect, especially when the infection is combined with adenine
supplemnntation. (Barrows 1955). These examples support that the non-
pathogenicity of the adenlne-auxotrophs of B. anthracis cannot be at-
tributed to lack of adenine, but muct b-- related to some other basic
factor. Our rusults with the purine avxtrophs support this concept.
.The nutants multiply in vivo and their virulence is fully manifested
if corresconding purine derivatives are administered after the infection.

The "non-pathogenic" property appears to be typical for the ---nine
au/otroph of B. anthracis. Besides these purine-auxotrophs the thermo-
senoitiv. . . ymine-auxotrophs (Ivanovics in press), as well as pyrimidine
and vitamin auxotrophs (unpublished results) are also pathogenic.

In our adenine auxotrophs the bloc in purine synthesis seems to
be related to stopping pathogenosis. The properties of the mutants
i;e studied and their interrelationship is presented schematically in
figure 3.

As can be seen, virulence is also determined by the adenine defect,a independently of the capsule, Reversion of the capsule-lacking mutation

' 6.



S restores fu11 virulence. Since capsule formation (synthesis) and adenine
s:,nthcsis arc both required equally for virulence, it is understood
that the acapsular adcnine-auxotrophs cannot kill mice. It is unlikely
.that a simultaneous reversion of both interdependent mitations could
occur in our case.

In purine biosynthesis inosnic acid is changed (hypoxanthin-nucleo-
tide) in two stups (Abrams and Bentley 1955) (see fig. 1). Inosinic acfi
is condensed with asparigine to adonylosuccinate in the presence of
adznZlosoccinata synthetase (Lieberman 1956) and this product is trans-
formed into adersnlic acid and fumaric by aderqrlsuccinase. This enzyme
interestinZly plays a role earlier in purin'ý synthebis; in the formatiom

. of the pyrintiAine ring be breaking 5-amino-j-imidazol-N-succinocarboxy-
a-'adc-rriclcotide into 5-M2-4-imidazol-oarboyamide-neleotide and fumaric
acid (Miller, Lukes and Buchanan 1957). This is a special phenomenon
in bionnmthetic pw cesses since the sam enzyme acts on different sub-
stratus. The same segment of the chromosome controls two widely seperated
biochom.ical reaction sequences.

Thus far we have not been able to weplain which 'of the two enzymes
involved in forming adenylic acid from inosinic acid is impaired in our
ade;nine auwotrophs. The missing enzyme may also be needed elsewhere as
the bacteria multiply in rivo. It has been established that besides
the capsule, well-characterized macromolecules are also important for
the pathogenosis of B. anthracis. These compounds had been designated
as "a,,gressive" for about 50 years ago. They are an important factor

O in the course of the disease (Bail 1904). They are only indispensable
in the in vivo multiplication; in vitro they are superfluouse Keppie,
Harris-3RiEhiand Smith (1963) thought that the capsule material (D-
glutanic acid-polypeptide Ivan6vics and Brucbner 1937) also has an
"aZr-xcsion" effect. However, the individual components of anthrax-
turJin are more iuportant. Three components have been found for the toxin
-all With protein characteristics- (Stanley and Smith 1961). Asperagine
could be involved in the reaction sequences as as amino-group donor as
in the conversion of citrullin to arginine (Umbarger and Davis 19625.

The missing enyime activity in the adenine-auxotrophs of B. anthracis
can be replaced by adenine in vitro, but is not sufficient for the mutants
to multiply in vivo. Further experiments are in progress in order to
elucidate unknowns and strengthen these hypotheses.

SuWAry

A considerable difference exists between the virulences of purine
auxotrophs of Bacillus anthracis due to the site of block in the purine
biosynthc tic pathway. All strains in which the block were situated in
front on inosylic acid (hy'&uxotrophs) or in the conversion of xanthvlic
acid to guanylic acid (ga*-uxotrophs) were proved to be virulent.

Contrary, adenine auxotrophs in their phenotype appeared completely
O avirulent. Inoculated into mice, multiplication does not result even if

7.



)t'ho anir~ialz L-c rc-peatcdIly trcnated writh subto.)c amounts of adr'nine.
"The cenditions for muJ~ti-)lication in vitro and in vivo are ap1 :arentJlr
di:Z_-rent in theco rmutants. It may be assrmed that the two enz.ym~es
.involved in the convcrsion of inosyuic acid to adenylic acid (adenyl-
sizccinate-ztnthase and adonyl-succinase), or one of them, also play
a role 4.n the synthesis of such cell components that are indispensable
for in vivo rmultiplication.

NOnod~%

.44a

*ova-

"0 ttN

Abb. 1. Schema der Purin-Bioiiynthcaso und der don cin-odnen Auxotrophon entapre.
chende Block.

Fig-uxo 1. Schema of purino-biosynthesis with the corresponding
blocks for tho auxotrophs.
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C) ~Die ad-Auxotroplien ben6tigten von decr aclacquaten Bass etwas gr6flcre
Mengen &Is die fibrigen Purin-Auxotrophen. Einen Einblick in die Wachs.

tums-Reaktion dea einen Stammles bietet Abbildung 2.

OA:

6 1 20 AS7"O

Abb. 2. W~achatum des 23 C-ad-Stamiince nach 24- und 48stiindiger Inkub&tion bei
verachicdencn Adenin-Kontcntrationen und 37*C.

a2-4atfndige Inkubatioui. 0 - 48standige Inkubation.

Fi_-uro- 2. Grotr-..th of strains 230ad- after 214 and 148 hours of incubation
(37 0 C) with different adennine concentrations.
0 - 214 hours; 0 - 148 hours incubation

Tabelle 1
NVachatuni des Stammes 81 C-hr- nach 24 und 48 Std. in Auiasigcm Xiihrboden auf den

Einfluil vcrschiedener H~awnn

Waebatumpgradi: optimsdwr Dennitatowert

Conz. Mizmi Hypoxidantin Xanthini Aenin (Guanini
24 48 24 48 24 48 24 48

Std. Md. Std. Md.

2.0 0,08 0,16 0,p0 0.10 0100 0.05 0,16 0,24
4,0 0,16 0.23 0.06 0,10 0,0)0 0,10 0,22 0.36
8,0 0.18 0,32 0,08 0,22 0,OO 0,14 0,14 0.41

16,0 0.23 0,%i 0,18 0,5 0,00 0,2 0,31 0,43

fin Falle dcir 24sitiindigrn Inkubation bedeutete der O,fl0-VorI in der Tat cine so
gcringgradage. mit frciern Aug. wahrnckmbere Twiibung, die nicht mellbaw war.

In den keine etn ig der Banon entkaltenden Kontrolfr~bfhman beatand such nach
48 Std. nocli krnne sict=z Trabmug.

Table 1. Oroiuth of strain 610Thy- after 214 and 4~8 hours in liquid
_,L"ir; the i~nfluence of various bases.

.Z~ro--th m.-asurod by optical denlsity)
0.02'ý i~ndicates growth was not measurable

~ogrowth (turbidity) was obserfed in azW control tubes afterC) 143 hours.
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TahelIt 2

Dam Sclackhal der mit ulen einzeln.e Purin.A.xotm pwn igcimp;uften M&und das Frgebni
dcr ha.teriologischen Untr i.hung der cnegeann Tiem

Zahl der Zahh der il deot AnuGrem der
81411111 ifiitihrten crhndr baktcriologis.h Kolonicn in der Kahrbedarfse

Ticre Tiers untcmuchten CO'AtmosphirsTir
6 ('-adl- 26 0

2'j G ad- 20 4
23 C-ad- 4 )
&S C-ad- 5 i
2 C-gw- 10 8 7 3%[, 3,1 R G
:1C-gu- 5 4 3 1.1,2 R G

3t1p C-gi- 6 6 6 6 it G
.2C-gu- 5 4 3 1 'M, 2 R G
66 C-gu- 3 1 1 3[ G
6h C-gu- 3 2 2 I .I%, 1 R G
15•-]V- 5 5 2 2 G A, G. If, X
31 C-h. 6 4 2 1 M, 1 R A, G. 1, X
39 C-Iby 5 4 2 2 G A. G, H. X
58 C-hy- 10 10 8 2 M, 81. A, G. H, X
61 C-hy- 5 5 2 23M A, G, H, X
Go C-hy- 3 2 1 1 G A, G, H, X
77C-hy- 3 3 3 3 M AG. H, X

S Vcrteilung des AnfBoren der Kolonien dcr iolicrten StAimie:
M =fi mukoid
R- nicht mukoid
G - M + IUKolonien gemiacht

* Die Anspriache der Isolate waren mit A - Adenin., G - Guanin-, H -- Hyl.-
xanthin- und X - Xanthinbeaen zu befriedigen.

Table 2. The fate of mice inoculated with purine-auxotrophs, and the
result of the bacteriological investigations of the dead
anirals

Strain iz animals # dead fbact. extreme nutrion
infected mice sampled colonies in req.

"CO2 atmos.

Distr'bu'ion of the colonies of the isolated strains
M = -.racoid; R = not mucoid; 0 - M R colonies mixed
ýý requirements of the isolated strains satisfied with;
A = adenine, 0 - guanine, H = hypoxanthine, I = xanthine

0
ip.



Tabelig 3
Die Virusima der venchledenon kaIl~aogenen p,,rin.Aumotipben ai ]li•au ck suab.

IttuInjrktlins

0 8tamm DLX
Xieht ihandelt iehandeite Ticrs

VC* (..wild") 2 1 10 nicht unterucht
01 (,*ad+ 2 x 10 Might untersueht
2.3 C~ad- > 2 x lip > 2 x 108

6C*ed- 2 x 106 >2x 10
0Cs*ad- I(1• > 10'

1C'hV 2 x 1U 2 x 108
rC-h.• 2 x Ito 2 x 10'

rn.4 C4hj- 2 x 10 2 x 1030C-gu- 2 x 10O; 2 x, IM 2 x 10
68 C*gu- 2 x 10'; 2 x 10H 2 x 10

Die mit > bezoichneten Werte bedenten, dalt die mit der anpebenen 8 mtrenl I
geimpften Tiere am Leben bliebon und Infektionen mit grbleret Dowen nicot ?ore-
nommen wurden.

• Von don betreffenden BDen orhielten die Tierm tum Zeitpunkt der Infektion I sag
und anschlie0end noch 44tro is 0,5 mg intrapritoneal.

Fijure 3. Investigations on the direction of the mutations of the
Vollum strains, and the virulence of individual mutants.
(The numbers represent the DIM (Hin-lethal dose) of the
individual mutants)

Aot

Abb. 3. Untersuehte Riehtlinien der Mutation des Vollwn.Stammos und die Virviena
der einselnen Mutanten.

Die Ziffern stollen die DLM.Werte der einsolnen blutanten dar.

Table 3,- Virulence of various encapsulated purine-auxotrophs in mice.,
., ,: tafter subcutaneous injection.

Strains Not Treated Treated Animals

> m~ans that the number of spores did not kill. To use a

* Anlls received 1 mg of the particular %lases at the time
of infection; later 4-6 times 0,95 mg: all intraperitoneall•,

.0
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