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ABSTRACT -

Wricirr, Geongr: G (Fort Detrick, Frederiek,
Md.), Muivrox Prziss, axp W, Brook NekLy.
Studies on immunity in anthrax, I[N, Effect of
variation in cultural conditions on elaboration of
protective antigen by steains’of Bacillus anthracis.
J. Baeteriol, 83:515- 522, 10962, Nonproteolytic
and  noneneapsulated  avirlent mutants were
isolated from six virulent strains of Haeiling
anthracts and tested for elaboration of protective
antigen  in the  chemienlly  defined  amediam
developed  previously (399 medium).  Initially
the strains grew eather slowly in 599 mediam;
serial transfor in the medium inereased the rate
of growth but redueed the elaboration of antigen.
Twa of the strains tended to revert to the encap-
sulated form during serinl passage in 599 medium.
Maodilieations in the medium and cultural condi-
tions were studied in an attempt -to obtain

~improved growth; the most significant alterations

were the addition of -adenosine and L-alanine,
reiluction in the concentration of ferrous silfate,
and growth under anacrobic conditions  with

agitation. Study of mmino acid utilization in the

medium  revealed  that the concentrations of

. certain amino aeids coukd be reduced. These

modifieations, together with substitution of more

sproductive strains, resulted in an approximately
fivefold increase in claboration  of protective
antigen, and greatly <implified production of
the antigen on a practical seale. Omission of
hivarbonate from the medinm had no significant
influenee on utilization of amino neids.
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*Elaboration of the protective antigen  of
“Bacillug anthraemis in chemieally defined edin
was initially reported in a previous paper (Wright,
.Hedbergg, and Slein, 1954). Subsequently, the

1 Present address: The Dow Chemieal Company,
Midland, Mich.

»
culture media were improved and simplified, and
rertain of the conditions influencing aecumaulation
of the antigen in culture filtrates were reengnized
(Belton and Strange, 1954; Puziss and Wright,
1934; Thorne: and  Belton, 1957; Puziss and
Wright, 1959, Glidstone (1046), in his initial
report of elaboration of antigen in vitro, demon-
stratedd antigen produetion by virnlent ad

A . . . . N
“eertain avirnlent strains of B anthroeis! Subse-

quent studies, however, have been limited to the
Sterne: or Weybridge steain and mutants of fhe
Vollum strain. The present investigation was
undertaken to obtain information on antigen
produetion  in chemieally  defined  media by
additional stening of B, anthracis, in an offort to
ohtain fltrates of greater antigenie aetivity, and .
to provide a broader hasis for conelusions regard-
ing elaboration of the antigen,
)

MATERIALS AND METHODS

Cultures. The steains of B. anthracis from which
mutants were derived for study of antigen

claboration had been isolated from man and .

animals primarily in widely separated outbrenks
(Auerbach and Wright, 10535). All had been
maintained ag spore suspensions sinee they were
received, Strain R1-NP, a nonencapsulated (R),
nonproteolytic (NP} mutant of the Vollum
gtrain, has been deseribed previously (Puziss and

. Wright, 1934). .\ standard spore suspension of the
Vollum strain was used for challenge of animals

in the assay of protective antigen.

Media and methods for claboration of protective
antigen. The 539 mediwm of Puziss and Wright ©
(1950) was usedd in initial studies; sub.:(-qncnt
madifications are deseribed in the Resuits, For
routing study  of antigen  elaboration  unmler
avrobic conditions, 300-ml volumes of medium in

Fernbach flasks were eniplovinl. For anacrobice

cultures, 400-ml volumes in 600-ml centrifuge
hottles were ineubated under nitrogen in desiceu-
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tor jars, except as otherwise noted, 1t was found

Cneeessary o aveid excessive heat in preparing

the roneentrated stock xolution containing the

amino acbrls; otherwise growth in the medinm -
was delsyved, The constituents were dissolved.

with the aul of vigorous shaking between 10 and
S04, In most of the studies to he reported,
water redistilled ingliss was used for preparation
of media. In the final experiments, however,
passage through a deionizing olumn was substi-
tuted for the second distillation. “This alteration
proved sstisfactory ol simplified  lnrge-senle
preparation of medium. Mter ineubation the
cultures were adjusted to pH 8, filtered through
ultrfine sintered glass Glters, and Ivophilized,

Estimation. of protective anligen, Complements .

fixation titrations  and  active  immunization
assavs ingninea pigs were employed as deseribed
previously  (MeGann, Stearman, and Wright,

1961). Completnent-fisation titers are expressed

i terms of 507, units per ml of filtrate; the

estits of the in vive assavs are expressed in

relative poteney units per ml of filtrate,

RESULTS

Isolation and propertics of NI? and 18 mutant
atraing, Mutants were isolated from six typical
virulent straing of B. anthracis. NI eolonics were
selucted on mitk agar plates as deseribed previ-
ously (Wright, Hedberg, and Feinberg, 1951},
except that ultraviolet irradiation of the parent
spore suspension wax found %o be unnecessary
awd was omitted. NP elones evidently arise
spontaneausly in laboratory strins of B, anthra-
cie. R strains were isolated from theé respective
NI mutants by the method of Stebne (1937), <o
that NP and NP-R substrains were obtained
from exeh parent strain, Spore suspensions were
prepaced for cach mutant strain and retested to
determine whether the motant charaeteristios
had been maintained, In mice the R strains were
not lethal when injected  subentaneously  in
doses of 3000 spores,

Preliminary experiments had indicated  that
the virtdenee of NP mutants was similar to that
aFthe parent Vollim stegin from which they had
been dsolated (Wright et al, 1951). Additional
«virulenee titrations were earried out in guinea pigs

with five of the NP strains deseribed above.

Spore suspensions of the parent and NP mutant
straing were diluted e water to eontain 43 15,
and 35 spores per 0.25-ml dose; the dilutions were

- TasLe L. Virelenee of parent struins and their
nonprofeolytic mutaniz for guinea pigs

I Number dead/tntal inj;clal.

Sirains injerted

48 l 18 5 o
Spores ! Spores | Spores Total
Paventstrains (d) . .1 22726 1 16725 | 12/25 | 50/75

- Nouproteolytie
mutants ) . ... -

[ 3
e
~~
[
<t

(9/25 | 18/25 | 62/75

injected intrueutaneously into guinen pigs, five
animalz per group. Plate counts confirmed that
the eoncentration of spores wus close to the
desiredd number in eaeht case. Qver 999, of the
deaths oceurred within 6 daxs; surviving animals
were held 13 days. The L of ench strain was of
“the order of five spores, The results suggested
" that the Lbsg of the mutuit might be lower than
thut of the p:lreni‘, strain, although the numbers
of animals were insullicient toallow ealeulition of
individusl Lo values. Tuble 1 presents the
combined results obtained with the five NP and
the five parent strains, The data give no indiea- -
tion that loss of the proteolytic eharacter is
accompanied by a reduction in virulenee for
guinen pigs by the Jintracutancous route of
chullonge. ' .

Antigen production in 399 medium. "The newly
isolated NP and R mutigs of the six virulent
strains were compared with strain R1-NI' with
respeet to growth and elaboration of antigen in
509 medium (Puziss and, Wright, 1954). All of

“the newly isolated sthhihs gréw much more
slowly than did R1-XP; even after incubation
for 48 hr, growth of several of the strains was
ot as heavy as that of RI-NPrwithin 24 hr.
Detenminations of antigen activity in the filtrates -
are summarized in Table 2, Although antigen
produetion by the newly isolated straing was ot
-consistently high. there were indications that two
of the strains wWre superior to RI-NP, despite
their relatively slow growth,

The parent strains, from which-the NI and R
mntants had been isolated, and the NP single
mutants were also tested for growth in 599
medium. The rates of growth of these strains -
were similar tqgthose of the corresponding NP-R
mutants, sugg_esting that the delayved growth
relutive to R1-NP is a chiuracteristic derived from -

_ the parent strains, and not a result of the mutu- -
tions, . :

[vor, 83 L
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TABLE 2. Anligen claboration by-rurious‘ &traing under different cullural conditions
Aerobic growth in 599 mc;lium . :Acrobic growth in 968 medium. | Anaerobic growth in 968 pedium® ‘
- Strain 0 . ! T . T o
Growth '(nm.lglr-- Rclnll\"e Growth (.oml'gle-- Rl;':lll\’t tirowth (.nm};lc-. Relative
e | et | vty | S | mentles | ey | Sinel | mentl | P
T w T amivumt | wnitsomt [ b | wmitsgmd | wnitimd | b | wnitsmi | wmitsimd
RI-ND 20 (1) ! a8 1.08 | 32 (4) 50 1 082 IR (1) 12 0.98
VI70-NPI-I 0 [ £ 0.09 | 42 (3) 57 g 48 (7) 63 1.4
62-NPL-RS 140 0 5 0 a7 15 0.25 | 50¢
107-NP2-1t R ;60 3.2 11(3) 90 2.1 418 (7} X0 2.1
108-N1'1-182 48 , 7.0 0.13 47 20 1.93 | 50 15 0.43
. 116-NI'1-R2 48 L] - —d 29 120 5.9 19 (3) 180 8.5 .
’ 1I3-NP1-R3 - | 4R I [ 0.61 17 30 202 | 5o .

a Slightly madified; sce teoxt,

b Figures in purentheses refer to the number of replicate preparations when greater than 1. Mean

“values nre reported in thege ennes,

“Only: slight growth was obtained; antigen production tvas not tested,
¢ Value was ahove the applienble range of the method at the dose used,

The foregoing observations indicated that 599
medinum was not well suited to growth and autigen
claboration by most of the strains and mutants,
Accordingly, serinl trunsfers were earried out

with: three of the NP-R mutants mentioned -

above in an attempt to adapt them to groivth
in the medium. After five passages, the growth
waus considerably more rapid, so that heavy
growth was obtained within 24 hr. The fousth-
passage cultures were tested for alteration of the
R and NP characters, and then introdueed into

fresh medium. for estimation of proteetive -
" antigen production, Although all of the cultures
- remained completely NP, definite evidence was
obtained of the emergence of encapsulated forms -
“in two of the three cultures. Strain RI-NP

revelted ‘almost completely to the encapsulated

*form, and the fourth-passage culture wus virulent ;
. {or mice at a dose of 30 spares. Strain 116-NP1-R2

reverted slightly, as shown by development of
mucoid nreas on heavily seeded plates; steain
1133-NP1-R3 was unchanged. Flaboration of
‘antigen - by “the passage strains was markedly
“redueed, as compared with the original culture,
in the case of strnins: R1-NP and 116-NP1-R2; it
remained at essentially the same low level with
strain 1133-NP1-R3. It was evident that serial
passage in 599 medium did not incrense clabora-

_*tion of.antigen by these strains.

Modification of 799 medium, Alterations in the

~medium were investigated in an cffort to obtain

:more rapid growth and increased elaboration of
antigen by these strains. The following modifica-

. 4
tions produced no improvement: sterilization of
the medium by filtration rather than by auto-
claving, addition of 0.001 M glyecine or 00005 n
glutamine, sygbstitution of cystine for eysteine
and alteration in the serine-threonine ratio. -
Slightly improved growth was abtained by reduc-
tion in the concentration of ferrous sulfate to
0.00005 s, Marked stimulation; af growth was
obtained by addition of yeast extract; concen-
trations as low as 3 pg per ml of medium produced
‘significant stimulation.

The effect of yeast extract could not be dupli-
cated by a number of vitamins and growth
{actors known to be present in yenst. The results
were suggestive of the stimulation of spore
germination by veast extract; this effect was
‘duplicated by a combination of adenosine,
L-alanine, and tyrosine (Hills, 1949). Accordingly,
the influence of adenosine and r-alanine was
Jtested; coneentrations of T pg per il of adenosine

“and 0.0001 M L-alanine gave optimal stimulition

of growth, and their combined effect was essen-
tially equivalent to that of yeast extract. Adenine,
adenylie acid, guanylic acid, and guanosine were
inactive or only slightly active as r(-.pl:w'cnwnts
for adenosine. Addition of tyrosine produced no
further stimulation, presumably hecanse of the -
presence of phenylalanine.
Further modifications were investigated in an’
" effort to improve and simplify the medium, Omis-
sion of guanine had no visible cffect on groivth
when adenosine. was present, but the omission.
reduced the claboration of antigen considerably. -
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“Indieations  were obtained  that a  threcfold
iterease in the concentration of guanine ncreased
~ the claboration of autigen, Omiission of cysteive
- had no effect, and under these conditions glueose
conlth be autoelaved in the final medium, Redue-
tion in the coneentration of ferrous sulfate to
000005 M was satisfactory, and this coneentra-
tioh of ferrous =ulfate could be added to the
, The effeet of
.. mhlition of glveine was further investigated, and
it was determined that this amine acid st 0.0003
to QLOMNL M concentrations produced signilicant
stinsttlation of growth of the five strainx fested.
Addition of 0.0003 s glyveing appesred to increase
the elaborution of antigen. detectably; higher
cuneentrations appeared to be somewhat inbibi-
tory. ‘
The ('nmhln.muu ol these modifications was
referred to as 968 mddinm; it differed from 59
mv«hum in addition of 1 pg per mi of adenosine,

'0.0001 M L-alanine, and 0.0003 M glycine, inerease

_ in guanine o 0.000045 3, elimination of eysteine,
m«luctwn of ferrous sulfate to 0.00005 M, ind
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antoeliving of glueose and ferrous sulfate in the
medinm. Seven straing were tested for antigen
prociction in this medimn (Table 2). The incu-
hation times for the several strains were djusted
ax required for development of heavy growth.
Results of both complement-fixation titeations -
and aetive immunization assays indieated that
in almost all cases higher titers of antigen were
produced in 968 medium than i 599 medium,
Growth was heavier and more rapid, and it was
evident. that  considerable  adaptation o the
new straing had been achieved, partiewlarly in
the case of Y770, 107, and 116 mutants.

Antigen elabaration under anacrobic canditiuns.
It wus observed that proteetive antigen wus
claborated not only under
but also during growth under striet anaerobie
conditions (\\'ri;..ht and  Puziss, 1057; Puziss .

“and Wright, 1959), Exploratory investigations

with 968 medinm ~u;,).v~tml that slightly greater
elaboration of antigen was obtained when the
concentration of ferrons sulfate was reduced to
000001 3 and added aseptically to the antoclaved. -

TABLE 3. tilizetion of amino acids during growth of strain VIT0-NPCt-R in 968 medium

Amino acid remaining, mg'per liter

Amino acil”

Uninaculated medium

! -Anacrobic culture filtrate

: i
Theoretical’ |
: i

]

; .
i Actubiv culture filtrate
1

‘Glyeine : 2
L-Alanine ® ] :
oi-Valine ! i )
nt-Leucine ‘ s
vi.-Isoleucine 128
pL-Nerine , S {
vi-Threonine W
pi-Methionine RI
uL-Aspartic acid (1 S
L-Clutamie acid 16K '
1.-Proline o i 30 |
pL-Pheuylalanine - Hns o
L-Tryptophan : A2 i
1-Arginine-HCL 14
1.-Histidine-HCI oo
Asparngine |

a1 —— e o e . __.!_.__ S - -
Found’ Camjplete ! Blcar}mnale Compicte ¢ Bicarbonate
{ medium | omitted medium omitted
SN P ‘;____4::.;_4} ——— e e
S S N L O e b
T A 1
(1 ) o 50
1 ! 33 4! 40 43
& 0o w6
20 = — 11 12
63— i — G,
2 R v U ] U
(1) : Trace © Trace Trace. | Trace
15 A A A g A,
] — - .. -
T N X 2o
58 1 5 R 5 52 1 5
| ER S 1) T
R - R IR
roor s 28 . !
1

o Optical netivities are thow of the original wedium constituents, ()pllcnl nctlvmes of the umino-ucids |

in culture filtrates were not determined. I A
* »— = Not detectable. o S,
¢ Unidentified component interfered with analysis for molluonu}e o ok

" 4 Presence of asparagine interfered with analysis for glutamic ac ul

* Determined by p.xpcr chromutogmphy

v .

nerobie conditions,”
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mediun.  This modification was adopted in
further investigntions of anacrobic growth and

antigen  production by the  various  strains
(Table  2). Strains R1-NP,  V770-NPI-R,

107-NP2-R1, and HE-NPE-R2 were well ndapted
to anacrobie growth, and the titers of antigen
were not  significantly  different  from  those
obtaine]  under  nerobie  econditions.  Strains
1062-NP1-R3, 108-NP1-R2, and 1133-NPL-R3
‘were unsatisfactory and were not investignted
further,

{!tilization of amino ncuds in 968
Jiltrates of enltures grown under aerobie and
andierobie conditions were analyzed for residual
umino acids to determine whether the medium
was deficient or contained signilicant exeesses of
these compounds. Filtrates of cultures in which
higarbonate was omitted from the medinm were
also analvaed to détermine whether bicarhonate
influeneeit the utilization of amino aeids. Stmin
VIT0-NPLI-R was grown ‘in 968 medium under
aerobie and anacrobie conditions; similir eultures

“were prepared in which sodium bicarbonate was
omitted from the medium. Filtrates from the
complete  medium  were of  typieal  antigenie
activity by in vive assay; the bicarbonateé-free
filtrnte Wwas inaetive after aerobic growth and very
slightly active after anacrobic growth, as reported

“previously  (Puziss and Wright, 1959). Amino

medium,

PROTECTIVE ANTIGEN OF B.

CCNSeR,

ANTHRACIS

medium and in the eulture filtrates by colunin
chromatography (Moore aml Stein, 1951), These
results are presented i Table 3,

Analyses of the uninoculated medinhy gave .

results that were close to theoretieal in most
thus confirming  the adequuey of the
method, Recoveries of isoleucine amd glutamic
acid were soimewhat low, Analysis of the enlture
filteates revealed little or un  utilization of
arginine, teyptophan, or valine. Net synthesis of
alanine oceurred, presumably as a result of the
teansaminase activity of the organism (Thorne
and Mobnar, 1955). Methionine had evidently

disappeared, hut this could not be determined

with certainty beeause of the presence of un

unidlentificd  component in the sume elution.
If o ninhydrin color density similar to’

region,
that of an amino acid is assumerd, the coneentra-

tion of the unknown waus relatively high; this
upknown substpnee was present in considerably
greater concentrations in the acrobie than in the

anacrobie  cultures. An  additionsl unknown
component was detected between the valine and
methioning meaks.  Determination of glutamic
acid was prevented by the up]u-ur:uuf'v of 1 com-
ponent  why
As|uragine, threonine,

Serine, proline,

o All conatituents except pyridoxal, phosphate salts, sodium hw'\rhon.uo, and. fobrrnm sulfate were

" dissolved ax n 25-fold concentrated stock solution, which was diluted as rO(lulred
& l)msnlvml separately in a small amount of concentrated HCI, .
¢ Dissolved and sterilized wpurutolv as stock solutions; ndded usoptlcnllv to nuloclnvell medmln

519 .

wns subsequently identified ns - -
and
aspartic acid were almost - completely utilized,:

acitls. were determined  in the uminoculated  particularly under aerobic comditions. Evidently:
TABLE 4. Composition of 1096 medium
 Constituent* Concn Constituent” Concn .
) riliter ‘x diter -
. Glyeine 0.2 1.-Histidine- HCI 0.006
1-Alanine 0.0 CGuannine- HCL® 0.009
Ln-Valine 0.160 Adenosine 0.0M
p-Leueine 0,128 Thinmine-HCL 0.0004
“pt-lsoleucine 0. 064 Pyridoxal - HCl '0.001
plL-Nerine 0.021 Biotin 0.0004
n;l.-'l'hrmni ne 0. 060 Glueose 1.0°
pt.-Methionine 0.030 Caleium chloride 21,0 0.015
oi.-Aspartic neid 0.4 Magnesium subfate-7TH.O ©0.010
L-Glutamie acid 0. 168 Manganous sulfnte-H,0 0.004
L-Proline 0.030 & Potassium dihvdrogen phosphate 0.680
- Phenylulanine 0.8 Dipotussinm hydrogen phosphate 0.870
L Tryptophun 0.0l Sadium hiearbonater 2.500
'|.-:\r|zinine-ll(.'l .o Ferrous sulfater 0.0015
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“would
‘primarily to adaptation . of the medium to
-anaerobic growth, beeause anaerobic eulture was

520 : WRIGHT, PUZISS, AND 2

“the o as well as the 1 forms of several of the
_amino acids are utilized.

Asparagine. was detected in culture filtrates s
a'new component with nn elution peak close to
that of glutamic acid; it was further identificd

“by paper chromatography. An orange spot, with -
" oluboration of antigen. Indications have been

an R, value of 0.38 in a phenol-water solvent,
appq'lrod alter ninhydrin treatment; authentic
asparagiue gave an identical spot. Among the
original vonstituents of the wedium, only setine
gave a similar #p value; however, serine wns
completely  utilized during gerobic  growth.

" Asparagine was identified in filtrates of four -

additional encapsulated and R straing, Omission
from the: medium of aspartic acid, arginine, or

" threonine «did not interfere with appesrance of
asparagine, suggesting that none of these anino -
acids was a precursor. Omission of bicarbonate
“from " the

difference in utilization of amino acids or the

’ appes arance of new components,

medium  produced no  significant

Modifications. of 958 medinm, The foregoing

“ohservations indieated that further adjustments

in the amino acid composition of the medium
be desirable. Attention was directed

more readily 'lpplwublo to large-scale jiroduction

“of antigen. “l(. 068 medium evidently contained
substantial c\u‘\wq

of “tryptophan, arginine,

FLLY (\'Ola. 8

valing, and isoleucine. Although no utilization of
tryptophan was detected, omission of this amino

acid deluyed growth of most strains. Reduetionof
tryptophan and arginine to one-fifth and reduc- '

tion of isoleucine to onc-half that present in 968
medium had no detectable effect on growth or

obtained that the mcdium was deficient in
serine, threonine, proline, methionine, and -
aspartic aeid. Incrensed concentrutions of these
amino neids, however, did nat increase, and in
several instanees appeared to inhibit, the elabora-
tion of uutigen. Addition of 0.4 pg/wl of biotin
and 1 g/l of pyridoxal hydrochloride produced -
a small but consistent stimulation of the growth
of most strains; there were indieations that
elabartion of antigen was stimulated slightly,
Increase in the concentration of thiamine to 0.4
ug/ml was satisfactory and provided @ moderate -
excess.The final composition, referred to as 1093
meddium, is presented in Table 4.

When large volumes of culture were grown
statically  under  anacrobic  conditions, the’
organisms tended to settle out on the bottom of
the vessel. The cffect of agitation of the culture
was investigated, in an effort to increase the

- growth rate and shorten the incubation time.

After 14 to 18 br incubation, when visible -
growth had appeared, 'nTeflon-covered stirring
bar previously .\utocl.uul in the ullt\m- vesse

B oH
woo~ - 7€ -
: =120
900} . E
.o .
T.5H . .
900 - . —H100 =
_ 700} 4 9%0=
E T4} -
- » 1805%
¥ 600} =.
8 e - 70 g o
.g:.oor 7.3 - N
S 1605 »
-1 N
© 400} - 50%
721+ Camplement R £
3001 le‘otlon A Glucose * _J 408
’ titer emoining . :
L] .
200} S
[ . 20
- 100}
. - 0
o L | i | | A . 0
. 21 20 38 44 52 ' 62 76 bl :
Incubotion time {hours) * L

_F16, 1. Elaboration of nnhgt'n ulilization of _/lucoac and pH chnnye durmg anacmbzc gmu th u'lth stzr-

ring.

' .
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TABLE 5. Prolective anligen production in stirred cultures in 1096 medium
_ Preparation Strain Volume of culture| Incubation time | - gm(‘:li:"::;':; Relnn;;.potcncy
- _.i—n-." T T mi he unil;-;;l-——- unib/ml
i I HG-NPI-R2 100 43 140 1.1
2 ! V770-NPI-R 600 43 00 - 4.3
; : Vi70-NPI-R 3,000 45.5 210 6.7
1 t VITO-NPL-R 4,000 43" 70 1.7
5 b VITONPL-R 10,000 1 > 160 7
It - F-NP2-RI 1,000 4“2, >160 17
7 : 107-N122-1t! 600 43 100 6.7
R : 107-NI2-R1 4,000 43 160 1.0
9 107-NP2-R1 2,00 44 > 160 30
Medinn ' ' 43 160 6.7

wis rotated slowly by o megenetie stirring motor
for the remainder of the growth period. The mte

Cof , rotation was just suflicient to maintain a

turbid suspension  without foaming and  with
minimad vortex formation. Determinations at
intervals during growth revealed that essentially
complete utilization of glueose now  oceurred
after 38 hr instend of after 46 he (g, 1), Flabora-
tion of antigen as estimated by complesient-
fixation titer, and the drop in the pil of -the
culture, also occurrd wore rapidly  than in
unstirred eultures (Puziss and Wright, 1959).

A series of anaerobic cultures was grown in
1095 medium  with  atirring, using the three
struing that hud appeared most promising in
previous tests. The volumes of the cultures
renggedd from GOO to 10,000 ml, and the incubation
times from 41 to 45.5 hr. Filtrates of high anti-
genie activity were obtained under these eondi-
tions (Table 5).

isms emerge during serial transfer of R mutants -
in chemieally defined medium, Should further

investigatioh confirm the reversion of the R

‘mutant to the virulent form, R mutants must .-

not be assumed to remain 'mrulcnt after l.lbora-
tory or other m.mlpul.\tmm

Although bicarbonate has been demonstruted

to be n striet requirement for elaborntion of
antigen in both aerobic and anacrobie enltures,
the role of this compound has not been clarified.

Riearbonate could not be replaced by any of o

number of metabolically related substances, and
had no effect on tho nwt.nlmhqm of gluconse that
could account for m influence on (-l.tlmr.mun of

antigen, Retention of metabolie carbon (lm\nlv_ h

was cvidently responsible for claboration of
traces of antigen in  bicarbonate-free  media

(Puziss and Wright, 1959). The study of amino g

acid utilization was undertaken to explore the
possibility  that the effect of bicarbonate on

" elaboration of antigen is associnted with and

DISCUSSION

o The virulenee of NP mutants for the guinea

pig did not appear to be significantly lower than
‘e viritlenee of the wild-type strains, This
observation  would  suggest  that  proteolytic ~
abtivity plays no role in infection, although it is
passible that differences in virulence would be
deteeted in-other hosts or by other routes of
challenge. 1f, however, protease is of no wignifi-
canee in infeetion, it is not elear how, protease
production is maintained in all of the virolent
struins thus far examined, despite the spon-
. taneous oceurrenee of N1 mutints, It seems
possible that the protease represents an adapta-
tion to the saprophytic existence of the organism.
* Indieations were obtained that virulent organ-

perhaps eatised by an alteration in the metabolism
of amino acids, No signifieant offect of omission
of hicarbonate on utilization of amino acils way
deteeted, however, and the role of this substanee
in elaboration of antigen remains unknown.

Comparison of the titer of protective antigen: -

obtained during acrobic growth of straiu RI-NP
in 599 medium (Table 2) with that produced

during anaerobie growth of V770 or 107 mutants

in 1095 medivnm (Table 5) 1mlu"1tcs that con-
siderably  greater elaborntion of antigen  was
obtained under the Iatter eonditions, Ou the
hasis of (-mnph'm(-nt fixation titrations, it appears
that the increase is at least feurfold. From the
results of assay of immunizing.activity in guinea
pigs, the difference appears to be of the order of
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sixfold: The new procedures not only inereased |

the claboration of antigen, but also appesr to be
more rewdily applied on o darge seale, Use of
anacrobic  conditions of  growth  avoided  the

o prablems associated with aeration of bicarbonate-
“containing eultures, and Tacilitated inerease in
“the size of the hateh. Culture volumes of 10
Clitars proved satisfactory, and there is no ap-
 parent reason why kurger bottles or tanks should

not be nsed. Methods for combining the antigen

Cwith adjuvant in a form suitable for human
immunization will be presented in o subsequent

paper.
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