UNCLASSIFIED

AD NUMBER

AD404856

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Apr 1963. Other
requests shall be referred to U.S. Army
Biological Laboratories, Fort Detrick, MD.

AUTHORITY

BDRL D/A 1ltr, 27 Sep 1971

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

ap 404 836 __

. DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA, VIRGINIA

UNCLASSIFIED




DOCUM

IS BEST

QUALITY AVAILABLE, THE COPY
D TO DTIC CONTAINED

FURNISE

‘A SIGNIFICANT NUM

ER  OF

PAGES W
KEPRODUCE

/HICH DO

THIS DOCUMENT CONTAINED
BLANK PAGES THAT HAVE -

BEEN DELETED REPRODUCED FROM

BEST AVAILABLE COPY

NOT

This Document Contains
Missing page/s That Are
Unavailable In The
Original Document



NOTICE: When governmant or other dravings, speoi-
fioations or other data are used for any purpose
other than in connection with a definitaly related
governmant proourement operaticn, the U. 4.
Governpent thereby incurs no responaibility, pox any
obligation whatsoever; and the fact that tbhe Gevern-
mant may have formulated, furnished, or in any way
supplied the sald drawings, specifioaticns, or other
data 4% not to Ve regardad by implioation or cthesr
wise &s in any manner licensing the holdsr or any
other person or oorporation, or ccnveying any rights
or perzission to manufacture, use or sell auy
patented ipvention that may in auy way be related
thereto,



TECHNICAL MANUSCRIPT 17

LARGE-SCALE PRODUCTION
OF THE PROTECTIVE ANTIGEN

e o o .
-
—
s oo s e

,_
e =
s+ et T 2 e S et
a b ey T
~t - -
L]
L .
i
4 2

OF BACILLUS ANTHRACIS
IN ANAEROBIC CULTURES

APRIL 1963

UNITED STATES ARMY

BICLOGICAL LABORATORIES

FORT DETRICK



Project

U.S. ARMY CHEMICAL-BIOLOGICAL-RADIOLOGICAL AGENCY
U, 8. ARMY BIUOLOCTCAL LABORATORIEE
Fort Detrick, Fraderick, Maryland

The work reported hare was perfovmed
wndar Pyajach ANBOGUR00].  demantch
in life Sciencas, Task <035, Mechanism
of Acquirad Raslatance to Intection,
fiw axpsodiiure order waa 2043, This
watorfal was or{ginally aubmirred ana

Manuscript 5007,

Milton Puziaen
lea C, Manning
Joe W, Lyneh v,

Iiggene, 8, Rarelay
[ra Abelow
Seorpn o, Wright

Mrdicnl Inventigat{on Diviafon
DIRL: TOR OF MEDTICAT RESKARCH

JAOL 2501 80205 April

19673




This documant or any portign thereof may
not be reproduced without apacific authori-
gation from the Commanding Officer, Biologi-
cal Laboratories, Fort Detrick, Frederick,
Maryland; however, DDC 1is authorizad to
reproduce the document for 1.8, Goverament
purpoaes.

The information {n thia report has not been
claared for raleass to the ganeral public,

REC_AVAIIABILITY NOTICE

Qualified requestors may obtain copies of
chis documant from DIC,

Forsign announcement and disssmination of
this document by DDC is 1limited.



ACKNOWLE DGMENTS

The authors are indebted to Mr. R, Wilson, Mr, C. Newman, and their
staffa at Merck, Sharp and Dohma, and to Clarence P. Lehman (Sp-4, |
Chemical Corps, U.8.,A.), for assistance,

B3 A v

- A production-proving test is described for tha preparation, by the
anaarobic culture msthod, of large volumes of culture filtrate contain-
ing immunologically potant protective antigan of B. anthracig. The
process consisted of the anssrobic culturs, in a chemically defined medium,
of a selected production strain, The ocultura was then clarified and
atarilised by filtration through sintered-glase £ilters, Tha starile
culturs £iltrate wad adsorbad onto a preformed sluminum hydroxide gel and
tha atabilised geleantigen complax was concentrated, The final product
had high immuni{zing potency, as shown by both in vivo and in vitro assays,
and was well tolerated in man, Stability of the product to accelerated
aging was good, and storage at 4°C For uvne year caused only a minor loss
in protactiva activity., Lerge volunes of tha highly antigenic gel-adsorbed
protective antigen were readily produced by the mathod descrihad,
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1. _INTRODUCTION

The protective ant{gan alaborat4d by Bacillus anthracis during asrobic
growth has besn shown to be effactive in immunizing animals and man agalnst
anthrax.*~3 Subsequent rossarch astablished that protective antigan was
also ullboratad in good ylald under anserobic conditions in chemically
definad madia.* Adsorption of the culture filtrate antigen onto a pre-
rormed aluminum hydroxide gel and presarvation and stabilization of the
adaorbad product was desmcribad by Puziss and Wright.® The stable final
product had high antigenicity in exparimantal animals and was well
tolerated in man: These studiaes indicatad that the anketobic process
could be readily adapted to production of antigen on a practical scala.
The objective of tha work presentad in this raport was & study of the
raquiremants for adaptation of ths anasrobic culture mathod to provida a
layge~scala process for prnduction,of anthrax protective antigan,

B H
{

This work was performad primarily st the Waat Point,:Pd., !ncilltiﬁt
of the Merck, SHaxp and Dehme Division of Marck & Co,, Inc. Tvo of ths
authors- (lee -G, Manning and Pugens S. Barclay) ara on tha steff thare,

All animml imouoladiion and challenge studies were parformed at Fort Detricl ¥

A, CULTURES

Strain v770-NP1-R, a nonencapsulsted, no 3:otoolyt1c, nnd avirulent
mutant of B, anthracis, was used as 1nocu1um. Immunized animlll wera
challanged with the virulent Vollum strain of 'R ;g;h;;g‘l

B. GROWTH MEDIUM

The chumically dafined 1095 medium described by Weright e al' wae used;
it was mads up as a 25-fold concentrated stock and diluted to required
volume in tha fermantatien t&nk. The chemicals wara of C.P, or veagent
grade; all watar wams freshly disti{lled and ohtained from tha plant servica
Line at 180°F., Composition of the dafined madium is presentad in Table 1.

* To eondueting the rowmerch reported harain, the {nvestigators adhered to
"Principlas of laboratory Animal Care" as eatablished by the National
Honlety for Madical Rawaarch,



TABLE 1. CONSTITUENTS REQUIRED FOR 300 LITERS OF 1095 MEDIUM

CONSTITUERNT CONCENTRATtON . .CONSTITUENT CONCENTRATION

Grama /12 liters Grams/12 liters
AB-Q stock € stock - '
Blotin, crystalline 0.15 K“ZPOA ) 204
Thiamine -+ HC1 0.12 o
Adenosine 0.30 Ko HFO,, 231
B L-Alanine 2.70 ; ) } )
B L=Tryptophana - 312
. DL-Sarine 6.24 ) u e ]
L-Arginine ' HCi 6,24 aplutedon B/ . .. B
L=Proline o B8.76 FCSD4 ' 7H20
Glycine - 5176 ) .
< -DL«Mathionine 9.00 . Concd HCL -
¥ DL-Threenine (allo- lrcn) 18.00 . :
- DL-Valine : 18,00 " Heat ko dissolve. S
- Di.~Aaparric acid - 19,20 - R
DL-1sclauaine 19.20 Exidoxal seiucion W mmm
- DL~Phenylelenine 20,40
(=Histidlue ' HOL 28.80 Pyridoxal *+ HC1 0.3
DL-Leuc ing 38.40 '
L<Glutamic acld 30.40
Mn8O, Hﬁ 1,20 Bodium bicaxbenats g/ :
Mg8o; + 7Ra0 3,00
CaCl, . 2Hp0 b 4l e Qran/o Liters
dluchee 300 Bk = :
Guanine + HCl & 2,76

PRre—

a, Boil to dimsolve 1in 600 ml H,0 plus 9.0 ml concentrated HCl, add to AB
nlack, and bring final vnluma to 12 litors.

b. staviliasd hy {ileeation,

¢, Stariliraed by autoctaving for 45 minutes at 121° c.



G. PRODUCTION EQUIPMENT

ﬂfs lined, jackated, cloased tank of 150-gallon capacity (special
type M) served for preparation of medium and growth of the culture,

This vessal (Figure 1) was equipped with a variable-spead impeller to
agitate the contents, and with the cusbomary tamperature and motor controls,
Culturas were filtsred through a combination of sintered-glass b clarifier
and sterilizer units, aach of one squarefoot area. The clarifier filter
(Five~micron porosity) was connactad in series with two one-micron-porosity
ste¥ilizing filters. A flow rata of about 0,82 liter par minute was
achiaeved; this required back-flushing of the clarifier filter with starile
water once an hour. A atandby S5-micron=porosity clarifisr unit was used
during.the bnuk-wnlh pericd. The back-flushed fluid was collected in a

“ carboy, sutoclaved, and discarded. The filtration arrangament is shown in

. Figure 2, The clarifier Filters (a) are attached to the aterilizer filters
_(b) arvanged in series. Culture from the fermentor anters the azsembly
from the tube at right (c); starile !tltratn leaves {n tha tube at laft
through an opaning in the wall,

L7 T U Atertle eulture Eiltruta‘rnn pansad into a second closed, glana-lined,
i Jncké!ud ‘tank. (B8, seiies) & for adsorption and holding &t 4°C, This tank
was also ¢quippad with an- impeller and the customary refrigerant and motox
eontyols, ,Ehl;gclunntigrn complex was procesaad Ln an Intetnatlonal
Cantrifuge, Model L3L,

D, ALUMINWUM HYDROXIDE GEL

The gel uned as udnorbcnt and adjuvant for the antigen was preparad by
the mathod of Hansen’ in & glass-lined, steam-jacketed, open tank equﬁr ad
with scirring paddlas, A continusuz-flow nossla~discharga cantrifuge .f
was used to ramove and wash the gel. The final gel product was taated for
its antigan-adaorbing abilicy with a culture filtrate of known immunizing
activity., Standard gol of provod antigan-adaoybing capacity, kindly
suppliad by Dr, lnga Schaibel of the SLntcnn Seruminstitut, Copenhagen,
Donmark, was usad an an adsorbent control.® Tha gel product used in the
prasant work raanmbled the standard Danish gel in tts admorptiva capacity
for antigen,

a, The Pfaudler Mig, Co., Rochento:,‘ﬁ. Y,
h., Thea Chem-Flow Corp,, Little Falla, N, J,
¢. Intearpatlonal Equipment Co., Boaton, Mass.
d. The SBharplas Corp., Philadelphis, Pa.

foen Qe men memm
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Flegure 1, The Srtoam-jacheted Fermontat [on Tank and Controlis,
(FD Neg. C-09%1)

Flvosae . I'he-

Chew=Flow FElter Avaembile . (FD Moo, C-0n050)



E. ASSAY METHODS

Cultura filtrates were teated for in vitro antigen ucnivity by the com=
-plement fixation method of McGanm, Stedlmsn, and Wright® and also by the agar
gel diffusion method of Thorne and Belton.? %%gg immunieing activity waa
assayed by immunization and challenge of rabbits.” All animals recdived a
pingle 0.5-ml subcutaneous immunizing dose of antigen dilutad in saline, aa
shown {n the Tablea. Two weeks later the animals and unimmunized controla
vera challinged intracuta.cously with 10,000 spores of the challengs strain
in & volume of 0.25 ml. This doss raprasented 500 to 1000 LDg Resaidual
glucosa in the culture was detsrmined by the anthrone method og Morris, as
dascribed by Naish,)® The bactearial counts ware astimated turbidimetrically
in a colorimatar against & nephelometric standard suspansion of §a

cbtained from the Division of Biologics Btandards, National Inatitutes
of Health, Aluminum, aluminum oxide concentratien, and formalin content in
the final antigan fxoduet wara detsrmined by the mthods described in U, 8.
Pharmacopeis XV1,1' Bterility and safaty tests performed during production,
as well as on the Etnnl product ware in accordance with Public Health
Sarvice Rugulntlonl. 1

F. PHOCESS DtSG!IPTION: THE MEDIUM

AB:G and C stocka, 12 liters wach, were addad to 266.3 liters of dis-
tilled water contained in the 130-gallon fermentation tank. The tank and
its contents wers sterfilmed by heating to 120°C and cooling immadiately
to 37°C., After the temperaturs had drappad to 100°C, pressure was equilibrated
by allowing air to enter through a sterile air filtar; six liters of aterile
sodium bicarbonmte (12 por cent) wara then addad, Sterile ferrous sulfate
and pyridoxal hydrochloride solutionas, poolad in a 20-1litar Pyrex Rlass
bottle, ware added to the contents of the tank and tha tank was inoculated
with the sead cuiture. Finai pH of the medium was about 7.9, A starils
tuhe, {naertad through the inoculating valve, was usad to introduce nitrogan
(atarilived by a filter) into the tank to & pressura of 5 paig. Tha gas
was introducad close Lo the surfaca of the medium fur 25 minutes and dis-
placad the aly through the top valva of the tank; tha valve was then closed,

The culture waa {ncubated at 36" to 38°C undar niltrogen for approximately
27 hours, with agitation at a constant rate of 20 rsvolucions par minute,
Samplas for the various taests ware remcved through a sterila tuhe at
salected {ntervals during growth,

G. FPILTRATION AND ADSORPTION

At the termination of incubation, the pH of the culture, which had dropped
to pH 6.9, was ralsed Lo pR 8.0 with sterile 2N wodium hydroxide and the
culture was coolad Lo 18° to 20°C. A pressure of about 10 paig of nitrogen
was applied, and the cultura was forced through a glass valve {n Lhe bottom
of the tank, through the clarifying and ateriliging filtors, and into the
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holding tanh. Approximately six hours was required to filter the 300 liters

. of culture. Twelva liters of the sterile aluminum hydroxide gel at a

temperaturs of 22°C wae addad to the filtrate. The mixture was agitated
for 30 seconds at 60 revolutions per minute and then coolad tc 4°C. Three
times dally for fiva days, the suspension was agitated for 30 meconds. An
alternate mathod, preferable when propar equipment is available, would be to
agitate continweusly at 13 to 20 ravolutions per minute for two daye >
Agitation was discontinuted 20 hours prior to removal of admorbad antigen
from the tank to allow the material to settle. Approximately 1l liters of
the concantrated auspension of adsorbed antigen was removed through the
bottom valve. The supsrnatant was discarded.

H, FINAL PROCESSING

The adsorbad antigen was distributud acceptically into starile 1,5-liter
Pyrax glass centrifuge bottlea, ssch containing savaral sterils glass bawds,
A centrifugal force of 780 x g was appliad for 10 minutes at 4°C, and the
suparnatant was removad .dgaptically by vacuum from sach bottls and discarded.
The gel slurry remaining was strainad into a sterils 43-liter Pyrex glass
cayboy through & aterila No, 62 mash nylon atrainaxr., The pooled alurry

—(approximately. 10 -1itexs) was resuspandad in cold, stexile, phyaiological

waline solution to 28.5 liters, Preservatives were added and tha carbny
was hald at 4°C until potency and safety teats ware complated, Ths
prasarvative consistad of 750 ml of a 111000 solution of recrystaliizad
bengetrhonium chloride% to a 1:40,000 final concentfation., As & stabilimer,
750 ml of one psr cent formalin was addad to a fipal concentration of 0.0092
per cent formaldehyda. Ths final volume of product was 30 liters; this ra-
presanted a tenfold concantration from the original 300 liters of culture
filtrate, Determinations of sterility by cultural tests, safeiy Lasts with
mice and guinea piga, tasts for antigenicity in rabbits, and tests for

siuminum snd formalin contant wave savéormad, Finally; vials vare fillsd

with 20=ml quantitiam of the nncigog. Approximatuly 60,000 doses ware ob-
teined from the 300-litar lot.

1. L

In the aarly phasas of the investigation the farmontation tank con-
taining the culture medium waa inoculated with 500 spores per milliliter of
the production strain of B. anthracis, am dascrihad praviously.? Under
chase conditions the (nitiarion of growth waa dalayed, maximum turbhidity and
utilivation of glucoss were reduced, and ounly small amounts of protactive
antigen wers detected in culture filtrates,

%  Dhemarol, producad by Parke, Davis & Co,
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The difficuliy was overcome by seeding the tank with an actively
growing vagetative inoculum rather than with the spore nuspenaion. Ten
liters of the cultura madium in a carboy was inoculated with 10° aporss
of strain V770-NP1-R, incubated statically in air-for 26 houra at 37°C,
and added to the mnin lot of madium, Under thesa conditions good growth
and maximum accumulation of antigen occurred in the 300-liter cultura
aftar incubation for approximately 26 houra. At intervals during the
incubation peri{od determinations ware carried out of the piH, the bacterial
count, the complement fixation titer, and the rasidual gluccse; data
complied from several production exparimants are shown in Figure 3. Glucosa
utilization was the most sensitiva and useful indicator of the coursa of
the fermentation) sarlier studies had showan that maximum antigen accumulation
colncidad with the point at which glucosa in the madium approached exhaustion,
After 18 to 20 hours of growth it was poasible to axtrapolata the glucoss
utiligation curve to wstimete the time at which antigan elaboration would "
be at a maximum. and fileration of cultuiw could be initiated: Angi-
genicity of 01id conmecutive production lots u measurad by in yivo and
i vikzo assays is pnunnd in Table 1I.

TABLE 11, ANTIGENICITY OBTAINED IN SIX SUCCESSIVE .
, 300-LITER CULTURES

TITERS OF CULTURE ANTIGENICITY OF QRL~ADSORBED
F ILTRALE PRODUGL
Lot
Comp lament Gal Antigen Dilution
fixation Diffumion
50% Units/ml Endpoint 1110 1130 1:30 Controls
L} 160 L4 4/8; 6/8 0/2
6 160 14 6/8 072
7 - 180 114 4L/8; 4/8 g/2
8 - 160 1:2 7/8; 7/8 5/8 5/8 0/2
9 160 1:2 7/8; 8/8 7/8 7/8 0/2
10 160 1:2 6/8 0/2

4. The sntigen product was diluted with saline aa shown; a single 0,.5-ml
fmruntiziog Infection was givan, Ratios refer to surviving rabbits over
tha totsl numbey challeunged,
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Stlbtlity to accelerated aging at 37°C of the gal-adsorbed product
was studied., Lot 9 antigen was incubated at 37°C and assayed in rabhits
at waakly intervals to determine thea loss of immuncgenic potency., The
resulta indicated that the antigan had conaiderabla stability te accal-
erated aging; approximactely 60 par cent of the test animals survived
challanga after immunisation with antigen heated at 37°C for oight wesks
(Flgura 4). Thasa results indicated that stability to accelarated aging
of tha product was equivalent to that of an a :arimun;nl gol-adsorbaed
antigen preparad pravicusly in the laboratory.” Sevaral lnts of antigen
were re-assayed aftar storage for oné ysar at 4°C., Results of these
ra-assays indicated that antiganicity of the storad preduct docrounud
to & slight but mtnbr extent in some of the lota (Table I1I). :

" TABLE III, ANTIGENICITY OliﬂlL-ADBOIBID ANTIGEN
" AFTER STORAGE AT 4"C POR ONE YEAR -

Lot

Number | _Survivel Razio®  Concrols

Antigen dilution

1110 1130 1190
8 576 --- /6 0/2
9 3/6 4/6 3/6 0/2
10 8/8 - 6/8 0/2

a. The antigen product was diluted with saline as
shown; & single O0,.5-ml {mmunizing injection was
givan. Ratios refer to surviving rabbits over
the total numbay challenged,

Saveral lots of gel-adsorbed antigen have been usad in a continuing
program of immunfeation of parsonnel occupationally exposed to anthrax,
either in resoarch laboratories or in induatry, The antigen was well
tolaratad; mild and transitory local reactions were alicited at the aite
of Injection in a very small percentage of those immunizad, Further
stud/es on the antigéenicity of the product are in prograss,

13
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V., DISCUSSION

The study achlevad {ts objactiva, the development of a iaboratory mathod
into a process suitable for large-acale production of the protaative antigen
of B. anthracia. The process deacribad hare appsars to be a reliable method
for producing large volumas of tha antigen in & form suitable for immuniza-
tion of man; it is adaptable to & further increase in the scale of production
should the need exist, Replacemant of the spore inoculum with an aotivaly
growing vegatative inoculum was the only change that was raquirad to adapt
the laboratory procedure to uss with J00-liter lots of cultura in tanks.
Substitution of the vagetativa inoculum not only led to satisfactory growth
and alaboration of antigen, but alao raduced the inoubation tims of the tank
cultura to approximataly 26 hours. No explanation was establishad for failure

“of thu-tank<seala cultures to grow as-aatisfactorily sa _the laboratory-sacale
. eultukes whin. a spore inotulum was used, - . ' :

The prnéiki:i;ﬁ; ﬁf—iﬁfié!ﬁ producad in the pril;nt iﬁhdi'ipﬁdif to ba
at least squivalant to thome preparud in the laboratory in all respects
- o.._teated, - Complemant fixation titers of the oulfurs filtzates and the anti-

. — .. _gunjolty of the sdsorbad predustsin rabbita. vere ganerally similar Gel -

diffuaion titers of tha present FiIteatan ware ror sigmiticancly-different ~—--
from wnpuhlinkind titers obtained-with laboratory lote of filtrate} na
~valid comparison can be made with diffusion titers recordsd by others
because of the use of different antisszra and the probable influance of
minot variations in taschniqua, The presant preparations also rasamblad
laboratory preparations:in stabilicy during stovage at 4°C and duking
accalerated aging at 3740,

The least satisfactory portion of the cver-all process wWas the cen=
trifugation of the gel-adworbed produsi. This precadure is sdme--—- - .
consuming and affords a potential aourca of coacaminmiion of thé product,
Nawar concepts in the production method ara under conaideration in an
effort to eliminate the troublesome centrifugation and maintatin an
ensentially closed production systam.

The protective antigen ia a rather labile substance alaborated only
under carafully controlled conditions, The satisfactory results obtainad
in production of this substence in 300-liter lots may justify attempts
to produce other lAbile biologicals on a largs scale by bicanginsering
techniquaem,




