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METHOD OF MAKING A VACCINE 

FIELD OF THE INVENTION 

[0001] This invention relates to the bacterial expression 
system, production and use of protective antigen (PA) 
against Bacillus anthracis. The PA immunogen is useful in 
vaccine against human anthrax. The PA can be produced by 
an asporogenic organism Which overproduces the desired 
antigen, Which is then harvested from the supernatant. 

BACKGROUND OF THE INVENTION 

[0002] Bacillus anthracis is the etiologic agent respon 
sible for anthrax, a disease often found in persons exposed 
to infected animals or their products. Persons particularly 
exposed to animals include veterinarians, laboratory tech 
nicians, ranchers and employees Working With skin or hair 
of animals. The mode of entry into the body may be the skin 
or, When contaminated meat is eaten, the gastrointestinal 
tract. Inhaling of spores can cause inhalation anthrax, a 
disease that can be fatal. Vaccines against Bacillus anthracis 
have been available. Virulent strains of the organism pro 
duce tWo toxins and a poly-D-glutamic acid capsule Which 
are coded for on tWo endogenous plasmids, pX01 and pX02, 
respectively. Loss of either of the plasmids results in an 
attenuated strain of reduced virulence, While loss of both 
results in an avirulent organism. The history of the USAM 
RIID Sterne strain of B. anthracis prior to 1981 is uncertain, 
though it is believed to be derived from the Sterne strain 
isolated at the Onderstpoort Research Laboratory in Preto 
ria, South Africa. 

[0003] In 1985 the Bacillus anthracis protective antigen 
(PA) gene Was cloned into a plasmid (pUB110) resulting in 
the formation of a recombinant plasmid identi?ed as 
pPA102, Which Was reported in the literature (Ivins and 
Welkos, Infection and Immunity, 54:537-542 (1986)). The 
production of vaccines lacking lethal factor Was possible 
thereby. HoWever, a primary problem remained, since the 
Bacillus anthracis formed spores. Once spores have formed, 
they persist in the environment for months and years. Once 
the laboratory environment contains such spores, it is very 
dif?cult to free the environment of the spores. 

[0004] It Was also previously reported that protective 
antigen (PA) could be produced in baculovirus. [Iacono 
Connors, et al., Infection and Immunity, 58:366-372 (1990); 
Iacono-Connors, et al., Infection and Immunity, 59:1961 
1965 (1991)] Amajor problem in production of the PA in the 
baculovirus disclosed therein is that the desired antigen 
requires a complex puri?cation process. Even after puri? 
cation by immuno-af?nity chromatography, undesired cel 
lular material continues to contaminate the desired product. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0005] The instant invention provides organisms Which 
produce protective antigen (PA) lacking lethal factor and 
edema factor proteins Which, When present as contaminants 
in vaccine, can cause serious side effects. The producing 
organisms of the invention are also, surprisingly, non-sporu 
lating. Furthermore, the desired antigen is expressed into the 
supernatant. Hence, the protective antigen produced is easily 
puri?ed and, though protective, does not cause many of the 
troublesome side effects of prior art vaccines. The organisms 
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of the invention lacking spore-forming function may be 
killed by heat shock at temperatures as loW as 60° C. for 60 
minutes. Hence, contamination of the environment With 
viable spore-forming organisms is easily avoided and decon 
tamination is easily accomplished. 

[0006] Genesis of ASterne-1(pPA102)CR4: 

[0007] A 6 kb Bam HI fragment harboring the PA struc 
tural gene isolated from the endogenous Sterne plasmid 
pX01 Was ligated into plasmid pBR322 and cloned into 
Escherichia coli bacteria (Vodkin and Leppla, 1983). From 
the resultant recombinant plasmid pSE36, the 6 kb fragment 
Was then subcloned into the gram-positive vector pUB110 
using the Barn HI restriction site. The resulting plasmid Was 
transformed into B. subtilis IS53 and tWo stable PA produc 
ing, kanamycin resistant isolates Were found (pPA101 and 
pPA102) (Ivins and Welkos, 1986). Subsequent analysis of 
the plasmids revealed that both had suffered spontaneous 
deletions. The pPA102 Was found to have lost 4.2 kb of DNA 
from 363 bp 3‘ of the kanamycin resistance gene to approxi 
mately 164 bp 5‘ of the start of the PA structural gene, a 
result consistent With the observed inactivation of the phleo 
mycin resistance gene of pUB110. The plasmid Was then 
electrotransformed into ASterne-l, a plasmid-free strain of 
B. anthracis (Infection and Immunity, 52:454-458 (1986) 
and transformants Were selected for kanamycin resistance. 
Transformants displaying a stable PA+, kanamycin resistant, 
(LF-, EF-, capsule-) phenotype Were selected. This strain, 
ASterne-1(pPA102), Was then subjected to Congo Red agar 
selection for mutants displaying an inability to bind the dye, 
a characteristic knoWn to correlate With an asporogenic 
phenotype (Worsham, submitted). The selected isolate, noW 
designated ASterne-1(pPA102)CR4 Was further subcultured 
three times to insure that a single clone Was isolated. This 
clone has served as the seed stock for all research and 
development of fermentation conditions, and puri?cation of 
PA. 

[0008] Materials and Methods: 

[0009] Fermentation Conditions 

[0010] Media: 

[0011] FA medium Was used for all plates and liquid 
cultures described here unless otherWise speci?ed. FA 
medium consisted of 33 g/l tryptone (Difco), 20 g/l yeast 
extract (Difco), 2 g/l L-histidine, 8 g/l Na2HPO4, 7.4 g/l 
NaCl, 4 g/l KH2PO4 adjusted to pH 7.4 With NaOH. 

[0012] Precultures: 

[0013] A Working stock of ASterne-1(pPA102)CR4 Was 
prepared from the seed culture by streaking cells on an FA 
medium plate containing 40 ug/ml of kanamycin. A sWeep 
from the con?uent groWth Zone on plate Was cultured one 
time in liquid FA medium supplemented With kanamycin 40 
pig/ml to a ?nal O.D.600mm of 4.0. This culture Was checked 
for purity by streaking on SBA plates, and diluted into 
multiple vials containing sterile 100% glycerol to a ?nal 
glycerol concentration of 50% (v/v). These stocks Were 
stored at —70° C. A single vial Was removed at the start of 
each fermentation cycle and discarded after use. The 
defrosted cells Were streaked onto FA plates containing 40 
pig/ml kanamycin and incubated at least 16 hrs at 37° C. 
After 16 hrs the plated cells Were used to inoculate 50 mls 
of FA medium supplemented With 40 pig/ml kanamycin in a 
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250 ml baffled-Erlenmeyer ?ask (Bellco Laboratories). The 
culture Was incubated at 37° C. at 200 rpm for 6 hrs or until 

an O.D.600mm of 4-6 Was obtained. The cells Were then 
subcultured into 50 mls of FA medium in an identical ?ask 
under identical conditions. After 6 hrs, or a culture O.D.600nm 
of 6.2-6.5, a 1.6% (v/v) inoculum Was transferred to 300 mls 
of FA medium supplemented With 40 pig/ml kanamycin in a 
2 liter baf?ed Erlenmeyer and incubated at 37° C. at 200 rpm 
for 7 hrs, or until a ?nal O.D.600mm of 3.5-3.7 Was achieved. 

[0014] Fermentation Conditions: 

[0015] The fermentations described here Were carried out 
using a NeW Brunswick Bio-Flo 3000 equipped With a 5.0 
liter Working volume glass vessel and stainless steel head 
plate and hemispherical bottom cooling dish. Four liters of 
FA medium Were added to the vessel, Which had been 
previously completely disassembled, scrubbed in a dilute 
Envirochem solution and autoclaved for 15 min after the 
addition of 4 liters of H20. The polarographic DO2 probe 
(Ingold) and pH probes (either liquid or gel ?lled, Ingold) 
Were also inserted and all addition and sampling ports Were 
sealed or clamped and Wrapped in aluminum foil. Addition 
lines consisted of surgical grade autoclavable Tygon tubing 
(Thomas Scienti?c) and all lines Were sealed With the 
exception of the condenser, Which Was left open to permit 
pressure release, but covered With aluminum foil. The vessel 
Was autoclaved using a 10 min exposure time at 121° C. and 
removed from the autoclave as soon as suf?cient cooling had 
occurred to alloW opening of the autoclave. The vessel Was 
then immediately connected to the fermentor unit and the 
condenser line Was connected to a sterile liquid trap and 0.2 
p capsule ?lter to avoid the introduction of contaminants 
during the cooling process. The vessel Was then cooled to 
37° C. using the fermentor driven temperature control and 
positive pressure Was provided using compressed sterile 
?ltered air. Once the vessel had cooled to 37° C. sterile 
?ltered kanamycin Was added to a ?nal concentration of 40 
pig/ml. The agitation Was activated at 150 rpm and aeration 
Was adjusted to 1-1.2 volume/volume/min (vvm) and anti 
foam C (DOW), that had been diluted 10-fold into H20 and 
autoclaved, Was added to a ?nal concentration of 200 ppm. 

[0016] A preinoculation sterility check Was conducted for 
a minimum of 16 hrs during Which time pH, agitation and 
temperature Were continually monitored. After the 16 hrs 
required for DO2 probe polariZation, the DO2 Was also 
monitored along With turbidity. The DO2 probe Was cali 
brated using an INGOLD calibration device Which sets the 
Zero value to 4 mA and 100% to the oxygen tension 
determined by the solubility of oxygen in the medium after 
aeration and agitation at 37° C. The calibration and response 
of the electrode Was then checked by sparging With pure N2. 
The vessel Was judged to be sterile if the pH and DO2 
remained constant and no increase in turbidity Was 
observed. It should be emphasiZed that the short autoclave 
cycle for vessel steriliZation Was required to minimiZe 
carameliZation, Millard and other chemical degradation 
reactions Which are problematic due to the high concentra 
tions of yeast extract and tryptone in FA medium. As an 
additional con?rmation of sterility, 50 mls Was aseptically 
removed from the fermentor to a 250 mls Erlenmeyer and 
incubated at 37° C. at 200 rpm for 48 hrs With no sign of 
groWth. Under the conditions outlined here contamination 
has not been observed in more than 10 fermentation cycles. 
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[0017] Once the sterility of the vessel had been veri?ed, 
the 300 ml inoculum described above Was added to the 
vessel through the addition port of the headplate and the 
initial O.D.6O0nrn Was recorded. A sample of the inoculum 
Was also streaked on SBA plates and incubated for 48 hrs at 
37° C. to verify inoculum purity. Using the Bio-Flo 3000, 
aeration Was maintained at 75% of saturation by increasing 
agitation from the initial 150 rpm to a maximum of 400 rpm 
and ultimately by supplementing the 1 vvm aeration rate 
With pure oxygen. The mixture rate and percentages of air 
and oxygen Were controlled by a solenoid and algorithm 
developed by NeW BrunsWick Scienti?c. Both gases had a 
Working pressure of approximately 10 psi. 

[0018] The O.D.6OOnm, dry cell Weight (DCW), production 
of PA, DO2, pH, agitation and temperature Were monitored 
throughout each fermentation cycle. The O.D.6OOnm, DCW 
and PA production analysis Were carried out by manually 
sampling the fermentation liquor at hourly intervals using a 
sterile sampling port. O.D.600mm Was measured after dilution 
of the culture using sterile medium prepared for that fer 
mentation. For each O.D.600mm determination, tWo appropri 
ate dilutions Were made and results Were considered accept 
able only When both dilutions yielded a linear response. 
DCWs Were determined starting With a 2 hr point by 
centrifuging 10 mls of fermentation liquor at 11,953><g for 
10 min, resuspending the cell pellet in 10 mls of sterile PBS 
and pelleting the cells again under the same conditions. The 
cell pellet Was resuspended in a minimal volume of PBS and 
transferred quantitatively to a preWeighted Eppendorf cen 
trifuge tube and centrifuged at 14,000 rpm for 5 min. Excess 
PBS Was removed and the cell pellet Was dried in a speed 
vac for 72 hrs under vacuum and a medium heat setting. A 
?nal analysis of the dry Weight versus O.D.600mm revealed 
that the relationship betWeen the tWo parameters Was 
adequately ?t With a linear function. 

[0019] Fermentation Reproducibility: 
[0020] The reproducibility of the cell groWth parameters, 
biomass and PAproduction in fermentations carried out With 
the Bio-Flo 3000 under the conditions described above have 
been summariZed in Table I beloW. TWo fermentations Were 
carried out at 75% of the maximum dissolved oxygen 
concentration in a strict batch mode With no pH control or 
additions other than antifoam C. The variation in the agita 
tion rate during the ?rst 100 min of the fermentation Was the 
result of the AGDO2 (agitation DO2) control mode chosen to 
maintain the dissolved oxygen tension at 75% of the maxi 
mum. Brie?y, this algorithm attempts to control the oxygen 
tension by ?rst altering the agitation rate until this proves 
insufficient, at Which point the process air is supplemented 
With pure oxygen as needed to maintain the desired DO2. 
The temperature Was held constant at 37°+/—0.1° C. The pH 
Was monitored, but not regulated as an internal check on the 
aeration of the vessel during the course of the fermentation. 
The fact that the pH revealed a decrease on only 0.2 pH units 
in the ?rst 150 min Was consistent With an aerobic culture 
metaboliZing the limited carbohydrate supplied With the 
yeast extract to CO2 and organic acids. Once the carbohy 
drate Was exhausted after ca. 150 min, the bacillus sWitched 
to the utiliZation of amino acids and peptides for a carbon 
source, Which under aerobic conditions resulted in the 
release of NH4OH and the observed increased culture pH. 

[0021] These fermentations Were sampled on an hourly 
basis and alloWed to proceed until no further increase in 



US 2002/0034512 A1 

O.D.600mm Was observed over tWo time points. O.D.600mm 
DCW analysis and product measurements Were carried out 
for each sample as described above. Samples for PA pro 
duction Were sterile ?ltered folloWed by the addition of 
HEPES and the complete protease cocktail as described 
under PA quantitation. The samples Were concentrated, 
desalted and ultimately concentrated 80-fold prior to being 
analyZed using SDS-PAGE. The major band of the gel 
corresponded to the 83 kDa PA product. An increasing in the 
intensity of the protein band Was seen With increasing 
fermentation time. Study of a Western blot of another time 
course of a batch fermentation Was developed With poly 
clonal rabbit anti-PA83. Comparison revealed that along 
With increasing PA 83 kDa there Was also a pronounced 
increase in the abundance and form of proteolytic degrada 
tion products of PA. 

TABLE 1 
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?ber cartridge. The fermentor liquor Was diluted 1:1 With 25 
mM diethanolamine (DEA), 50 mM NaCl, 2 mM EDTA, 0.1 
mM PMSF adjusted to pH 8.9 With HCl. The ?ltrate Was 
collected at an operating pressure of less than 20 psi and 
transferred directly to a second Amicon DC10L equipped 
With tWo 30 kDa cutoff 10-ft2 Wound spiral cellulosic 
cartridges. The ?ltrate Was concentrated approximately 
10-fold before being subjected to dia?ltration at an operating 
pressure of less than 30 psi against the same buffer. The 
conductivity of the retentate Was monitored With an Amber 
Sciences conductivity meter and platinum immersion pen 
cil-type electrode. The dia?ltration step generally required 
20 liters of buffer, but Was considered complete only after 
the conductivity of the concentrated retentate Was equivalent 
to that of the starting buffer. 

Summary of Aerobic ASterne-l pPA102 CR4 Fermentations 

Fermentation Final Conc. Final Yield Final Yield Speci?c Growth Doubling Time 
Conditions (,ug PA83/ml) (mg PA83) (mg PA83/ g DCW) Rate TD (min) 

Aerobic, Batch 51 235 8.10 0.0132 min’1 53 
Aerobic, Batch 64 301 10.7 0.0136 min’1 51 
Aerobic, Batch 45 225 7.40 0.0136 min’1 51 
pH constant 
Aerobic, Fed-Batch 68 360 ND 0.0116 min’1 60 

(noncontinuous) 

DCW = dry cell Weight 

[0022] The data presented in Table 1 demonstrated that the 
PA yield on a unit volume and biomass basis, as Well as the 
cell groWth parameters, Were reproducible for the batch 
fermentations conducted Without pH control. The ?nal fer 
mentation pH values of 8.57 and 8.67 after an elapsed 
fermentation time of ca. 8 hrs Were also comparable. The 
effect of prolonged exposure to these mildly alkaline con 
ditions on cell groWth, PA production and subsequent deg 
radation Was investigated by repeating the fermentation at a 
constant pH of 7.50+/—0.05 pH units. This Was accom 
plished using the immersed vessel pH probe and automated 
additions of 2 N HCl or 1 N NaOH. The results shoWn in 
Table 1 demonstrate that there Was no clear effect of constant 
pH on any of the parameters evaluated. SDS-PAGE analysis 
of the fermentation time points sampled for PA production 
also revealed no signi?cant differences. 

[0023] The ?nal fermentation presented in Table 1 Was a 
noncontinuous fed-batch trial during Which 1/10 volume of a 
10-fold concentrate of sterile-?ltered tryptone Was added 
after 5 hrs or an O.D.6O0nrn of 7.5. The result suggested that 
such fed-batch fermentations provide possible protocols for 
improvement to increase yield and decrease proteolysis. 

[0024] Harvest Conditions: 

[0025] Fermentations Were alloWed to proceed until no 
further increase in O.D.600mm Was observed. At this point, the 
fermentor Was cooled to 10° C. and the protease inhibitors 
phenylmethylsulfonyl ?uoride (PMSF), 1,10-phenanthro 
line (OP) and ethylenediamine tetraacetate (EDTA) Were 
added to ?nal concentrations of 0.1, 0.05 and 2 mM, 
respectively. The cells Were then pumped from the fermentor 
vessel at room temperature using an Amicon DC10L con 
centrator equipped With a 10-ft2 0.1 p polysulfone holloW 

[0026] Quantitation of 83 kDa PA in Crude Fermentation 
Liquor: 
[0027] The fermentation liquor Was sampled using a ster 
ile port at regular intervals throughout the fermentation 
process. The samples for PA determination Were ?ltered 
through syringe type 0.2 p cellulose acetate ?lters, 0.1 mM 
PMSF, 2 mM EDTA, 50 pM OP and 20 mM HEPES pH7.3 
Were added and the samples Were froZen at —70° C. The 
samples Were defrosted on ice and concentrated using Ami 
con Centricon 30 concentrators at 4500><g. The samples 
Were concentrated approximately 10-fold, diluted to the 
original volume With 10 mM TRIS pH8.0, 0.1 mM PMSF, 
2 mM EDTA, 0.05 pM OP and concentrated again. The 
concentrated sample Was desalted again using the same 
buffer, froZen and ?nally lyophiliZed using a Speed-Vac. The 
dried samples Were dissolved in 25 pl of the TRIS buffer 
described above and diluted 1:1 With a 2><SDS solubiliZation 
buffer consisting of 50 mM Na2CO3, 4% (W/v) SDS, 12% 
(v/v) glycerol, 2% (v/v) 2-mer-captoethanol and 0.01% 
(W/v) Bromphenol Blue prior to heating at 95° C. for 5 min. 
The fermentation samples containing varying amounts of PA 
83 kDa Were solubiliZed as described above and run on a 

Daiichi 4-20% gradient TRIS/TRICINE gel to approximate 
total yield of PA. TWo hundred to 2000 ng samples of 
puri?ed PA Were solubiliZed in the same buffer and loaded 
onto the gel in constant total volume of 3 pl. Three or four 
appropriate dilutions of the fermentation samples deter 
mined from the ?rst gel Were loaded onto the gel With the 
standards and electrophoresed at 100 V initially and 140 V 
once the samples entered the separating gel and until the 
Bromphenol Blue dye reached the bottom edge of the 
separating gel. The gel Was then ?xed in 10% (v/v) acetic 
acid 20% (v/v) MeOH for 10 min, rinsed With MO H20 and 
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stained With Coomassie Brilliant Blue 0.05% (W/v) in 10% 
(v/v) acetic acid for a minimum of 16 hrs to alloW complete 
and uniform staining. The stained gel Was then destained in 
10% (v/v) acetic acid until the background contained no 
visible residual dye. The gel Was then scanned on a laser 
densitometer (LKB, Ultrascan XL Laser Densitometer). 
Representative portions of the gel Without protein Were 
randomly chosen and scanned to determine background 
absorption for an accurate baseline. The region to be 
scanned for each lane containing PA Was then visually 
aligned to insure that the entire protein peak and adequate 
baseline Were included in each scan. The scans Were com 

pleted and the integration values Were determined using the 
LKB preprogrammed Gaussian algorithm and later Were 
con?rmed by cutting out individual peaks and manually 
integrating based on peak Weight. The resulting integration 
values Were plotted using Sigmaplot (J andel). Linear regres 
sion of the results revealed typical r values of 0.992-0996. 
The linear standard curve Was then used to quantitate the 
amount of 83 kDa PA in the various fermentation samples 
based on the same integration methods. 

[0028] Puri?cation: 
[0029] The exact volume and conductivity of the PA in 
DEA buffer Was determined and solid KCl Was added to the 
solution to a ?nal concentration of 30 mM and conductivity 
of 10-11 mmhos/cm. The PA Was pumped With a peristaltic 
pump through a monoQ column prepared by collecting 100 
mls of hydrated Bio-Rad Macro Prep 50Q on a sintered glass 
?lter and Washing sequentially With 1 liter of 25 mM DEA, 
50 mM NaCl, 1 mM EDTA, 50 ,uM OP and 0.1 mM PMSF 
pH8.9 and 1 liter of the same buffer With 30 mM KCl added. 
The conductivity (10-11 mmhos/cm) and pH of 8.9 of the 
eluate from the Macro Prep 50Q after the second Wash Were 
comparable to that of the PA solution after addition of KCl. 
The Macro Prep 50Q resin Was then degassed and slurry 
packed into a Pharmacia K column With a Rainin Rabbit 
Plus peristaltic pump at 48 rpm and a How rate of 15 
mls/min. The ?nal column volume Was (5><5 cm) 98 mls. 
The PA solution Was pumped through the Macro Prep 50Q 
column at a rate of 10 mls/min and the eluate Was collected 
until all of the PA sample volume Was loaded and the column 
Washed With an additional 100 mls of DEA/KCl buffer. The 
eluate containing unbound PA Was concentrated and dia?l 
tered using an 1-ft2 30 kDa cutoff cellulosic Amicon Wound 
spiral cartridge at an operating pressure of 20 psi. The ?nal 
concentrate (ca. 400 mls, 6-7 mmhos/cm) Was passed 
through a 0.2 p cellulose acetate ?lter. The ?ltered PA Was 
loaded onto a Poros IIQ perfusion chromatography column 
using a quaternary Waters 600E HPLC pump. The column 
Was prepared by hydrating seven grams of the Poros IIQ 
perfusion resin in tWice the packed bed volume of 2% (W/v) 
NaCl. After settling the resin Was resuspended in six times 
the packed bed volume of 25 mM DEA pH 8.9, 50 mM 
NaCl, 7.5%(v/v) ethylene glycol and alloWed to settle over 
night at room temperature. The resin Was then resuspended 
in three times the packed bed volume and ?nally in one and 
one-half times the ?nal volume before the slurry Was exten 
sively degassed using a vacuum pump (vacuum unknoWn). 
The entire degassed slurry Was then transferred to a Waters 
AP 20><100 mm glass HPLC column and the column Was 
packed in one step using the Waters 600E pumps at a How 
rate of 20 mls/min and a backpressure of 650 psi at room 
temperature. The column separation ef?ciency Was then 
tested at a How rate of 10 mls/min using a linear 1 M NaCl 
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gradient and ovalbumin 5 mg/ml (Sigma) and bovine serum 
albumin 10 mg/ml (Sigma) in DEA as buffer as standard 
proteins. Approximately 100 mls of PA (ca. 20-30 mg PA) 
cooled to 4-6° C. Was applied to the column and folloWed 
With a 20 min Wash in the starting buffer at room tempera 
ture to elute unbound material. The column Was then devel 
oped With a linear gradient to 30% of the 1 M NaCl DEA 
elution buffer. The puri?ed PA Was found to elute betWeen 
10-15%, While the smaller molecular Weight proteolytic 
breakdoWn products eluted as a shoulder or partially 
resolved peak at 16-20% of the elution buffer. The resolution 
of the tWo peaks Was found to be a function of content of PA 
proteolytic degradation products. The eluant Was monitored 
at 280 nm and peak fractions Were collected by manual 
triggering of an ISCO fraction collector. Samples of the peak 
fractions Were diluted into 5-10 volumes of TRIS pH8.0, 0.1 
mM PMSF, 50 pM OP, 1 mM EDTAbuffer and concentrated 
using Amicon Centricon 30 concentrators at 4500><g at 4° C. 
to approximately the initial sample volume. An equal vol 
ume of SDS-PAGE solubiliZation buffer Was added to the 
sample immediately prior to heating at 95° C. for 5 min. 
Purity Was assessed from 8-25% SDS-PAGE PHAST gels 
(Pharmacia) and fractions With the highest purity Were 
combined and dialyZed against 40-50 volumes of 25 mM 
DEA pH8.9, 50 mM NaCl, 0.1 mM PMSF and 2 mM EDTA 
at 4° C. for at least 16 hrs. Fractions judged empirically to 
be less than 95% pure Were rechromatographed under the 
same conditions and purity of the fractions Was reassessed as 
described above. All fractions of greater than 95% purity 
Were ultimately combined, aliquoted and froZen at —70° C. 
subsequent to determination of the total PA concentration. 

[0030] Analysis and CharacteriZation of Puri?ed 83 kDa 
PA: 

[0031] Puri?ed PA Was quantitated by measuring UV 
absorption at 280 nm using the relationship of 1 A280mm in 
a 1 cm pathlength cuvette is equals 1 mg PA/ml (Leppla, 
1988). Results obtained in this manner Were con?rmed using 
the Bio-Rad Bradford protein assay under conditions sug 
gested by the manufacturer. PA purity Was assessed using 
SDS-PAGE under conditions described above. Capillary 
electrophoresis analytical assays have also proven promis 
ing in the assessment of PA purity and amounts of residual 
protease inhibitors in ?nal product. Feasibility studies using 
a 47 cm><50 pm uncoated silica capillary and borate/SDS/ 
acetonitrile buffer revealed an excellent separation of the 
protein from residual protease inhibitors. Quantitation of 
both protein and inhibitors has also proven possible, but the 
technique remains limited by the relatively high limits of 
detection (1 mM EDTA, 0.1 mM PMSF, and 0.05 mM OP) 
under current conditions. Automated N-terminal sequencing 
Was carried out With puri?ed PA using an Applied Biosys 
tems 470A sequenator after desalting over Bio-Rad PD10 
columns equilibrated With 5 mM NaCl and 1 mM CaCl2. A 
unique N-terminal sequence Was found and the ?rst six 
residues of the sequence Were identical to PA from the 
endogenous plasmid pX01 harbored by the USAMRIID B. 
anthracis Sterne strain. In addition, the sequence corre 
sponded exactly With the published DNA derived protein 
sequence (Welkos et al.). Native gel electrophoresis under 
non-denaturing conditions revealed that PA puri?ed from 
ASterne-1(pPA102)CR4 also exhibited the microheteroge 
neity noted previously for PA produced by the Sterne strain. 
Cytotoxicity assays of the product using the macrophage 
lysis assay (Friedlander et al.) revealed that the titration 
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curve of biological activity for PA from ASterne 
1(pPA102)CR4 Was indistinguishable from that generated 
for PA from the Sterne strain. 

[0032] Evaluation of ASterne-1(pPA102)CR4: 

EXAMPLE 1 

[0033] B. anthracis ASterne-1(pPA102)CR4 Was com 
pared With its parent spore-forming strain B. anthracis 
ASterne-1(pPA102). Both organisms Were plated onto sheep 
blood agar (a preferred medium for promoting bacterial 
spore production) and groWn at 37° C. for 1 day, after Which 
the temperature Was loWered to 25° C. for 4 days. The tWo 
strains Were also groWn in liquid Leighton-Doi medium, 
Which is designed to promote spore production, for 1 day at 
37° C. folloWed by 4 days groWth at 25° C. GroWth from 
both agar and broth cultures Were examined under phase 
contrast microscopy for the presence of spores. GroWth from 
all four cultures Were then resuspended in phosphate buff 
ered saline to a concentration of about 109 colony-forming 
units (CFU) per ml. All four cultures Were then heat shocked 
at 64° C. for 60 minutes to kill vegetative cells. Aliquots of 
0.1 ml of the heat shocked material Was then plated out onto 
sheep blood agar and incubated at 37° C. for 2 days. 

[0034] Results: 

[0035] B. anthracis ASterne-1(pPA102): 

[0036] Spores Were seen under microscopic examination 
of material from both the sheep blood agar cultures and the 
Leighton-Doi medium cultures. On sheep blood agar plates 
containing heat shocked culture material from both sheep 
blood agar cultures and Leighton-Doi medium cultures, 
there Was con?uent groWth. The data clearly indicate that B. 
anthracis ASterne-1(pPA102) forms spores. 

[0037] B. anthracis AStern-1(pPA102)CR4: 

[0038] No spores Were seen under microscopic examina 
tion of material from both the sheep blood agar cultures and 
the Leighton-Doi medium cultures. On sheep blood agar 
plates containing heat shocked cultures, there Was no groWth 
Whatsoever. The data clearly indicate the B. anthracis 
ASterne-1(pPA102)CR4, Which has been deposited in the 
American Type Culture Collection and has been assigned 
ATCC designation 69714, does not form spores. 

EXAMPLE 2 

[0039] B. anthracis ASterne-1(pPA102)CR4 Was groWn in 
an EA medium fermentor culture. No spores Were seen upon 
phase contract microscopic examination. Only medium 
length and long chains of bacilli Were seen. Dilution plate 
counts on the culture determined that the culture contained 
1.86><109 CFU per ml. Three ml of culture Was heat shocked 
at 60° C. for 60 minutes, then 0.2 ml Was plated onto each 
of 5 plates of Tryptic soy agar. After incubation for 2 days 
at 37° C., no colonies Were seen on the agar plates, indi 
cating that spore production in the fermentor Was less than 
1 per 1.86><109 CFU. On tWo other fermentation runs With 
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this strain, similar results Were obtained. No revertants to the 
parent spore-forming phenotype Were observed. 

[0040] The above process using an EA medium fermentor 
culture Was repeated using the parent strain B. anthracis 
ASterne-1(pPA102). GroWth on the tryptic soy agar after 
heat shock resulted in a total of 1000 total colonies, indi 
cating that the parent strain B. anthracis ASterne-1(pPA102) 
had about 1000 spores per ml in the FA medium, or 1 spore 
per 10° CFU in the non-heat shocked medium. 

EXAMPLE 3 

[0041] Protective antigen (PA) Was prepared in accord 
With the teachings under Materials and Methods as 
described above. The puri?ed PA of B. anthracis AStern 
1(pPA102)CR4 Was mixed in different buffers (phosphate 
buffered saline, HEPES, Tris, glycyl glycine (GG), sodium 
citrate, for example) and combined With monophosphoryl 
lipid A (MPL), Squalene, TWeen 80 and lecithin. The mix 
ture Was then lyophiliZed. At 0 and 4 Weeks, vials of 
lyophiliZed MPL/PA/emulsion Were reconstituted in phos 
phate buffered saline (PBS) and injected in 0.5 ml doses 
containing 50 pg of PA per dose. At 10 Weeks, the guinea 
pigs Were aerosol challenged With approximately 36 medial 
lethal doses of virulent Bacillus anthracis spores of the 
Ames strain. The folloWing data shoWs status tWo Weeks 
after the challenge. 

Vaccine S/T" % Anti-P ** 

PA in PBS (+ MPL emulsion) 10/12 83 29,427 
PA in GG (+ MPL emulsion) 14/16 88 23,713 
PA in Tris (+ MPL emulsion) 15/16 94 27,384 
PA in HEPES (+ MPL emulsion) 15/15 100 25,482 
PA in Citrate (+ MPL emulsion) 16/16 100 31,622 
PBS 0/4 0 <10 

*Survived/I‘otal, day 14 post-challenge 
**Prechallenge serum titers to PA Were determined by enzyme linked 
immunosorbent assay. The geometric mean reciprocal titers Were calcu 
lated for each group and are expressed in this table. 

1. A recombinant asporogenic B. anthracis derived from 
ASterne-1(pPA102) Which shoWs inability to bind the dye 
When groWn on Congo Red Agar. 

2. A B. anthracis of claim 1 Which is B. anthracis 
AStern-1(pPA102)CR4. 

3. A composition comprising the organism of claim 1 in 
a groWth medium. 

4. A composition comprising the organism of claim 2 in 
a groWth medium. 

5. Avaccine comprising a protective antigen produced by 
the organism of claim 1. 

6. A vaccine of claim 5 Wherein the organism is B. 
anthracis AStern-1(pPA102)CR4. 

7. A vaccine of claim 5 Which is an emulsion. 
8. A vaccine of claim 5 in a buffered solution. 

* * * * * 


