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ARSTRACT

The growth and metabolism of the live vaccine strain of
Pasteurella tularensis in different media were investigated.
Maximal growth was observed in a medium containing a suifuric
acid digest of casein as amino acid source. Amino acid
metabolism produced gonsiderable ammonia, and the rate of
ammonia evolution wa\a directly proportional to the growth rate.
The most likely route for amino acid breakdcwn was nonspecific
oxidative deamination,
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i. INTRODUCTION

Mos: studiez on nutritinnal requ:rements cf Pa

have heen iesrricted to the virulent srrajins. z
virulent strain was conducted in pertoue-blood med
n

enrichment.! In blood-free medium, ihe organism reguired a geoerous
supply of cther amino acids in addition to cysteine. This requirement
w2e satigficd by the Incorporation of hydrelyzates »~f gelatin 2 or
casein acid d;aesta‘ intc the medium,

Systemarirc stud: of amino acid rejuirement staried with the
devel:zpment of chemically defined media. The first such redium was
reported by Tamure and Flem.né,5 but they did not report Any results
obtained with their medium. Traub, Mager, and Gr cssowicz® liszed 13
zminc acids as e:zsential for the propagatiorn of several strains of
P. tulavensic, Amirns acid metabolism during growth caused a rapid
accumulation of ammonia; consequently, the pE increased until it became
growth limitirg. Direct dependence o5f growth cn the total amino acid
conceatration in the medium was observed by Nagle, Anderzon, and Cary.’

When the amino acid contentration was increaseld 25 to 30 mg/ml, the cell

yreld was comparable to rhat in complex cazsein hydrelvzate medium.

2 comprehensive Tepcrt on sugar metabelism of 60 strzins of k.
tularensiz was publisted by Prancis.® All 60 strains utilized glu*ose,
ard 53 strains grew on glycercl. With scme strains, Temura and Gibby?
obtaired eguivalent growth in media containing glucose or glycerol.

An interacticn between glucose 2and =m1nd acid recuirements with respect
to growth was shcwn by Traub et a1.® The glucose requirement was
substantially reduced by increasing the total amino acid content of

the medium.

The live vaccine strain (LV3) cf F, tularensis is a derivative of
2 heterogeneous strain obtained from the Scviet Union.® Soviet pub-
lications or the live vaccine were reviewed extensively by Tiggert.lo
Producticn media in the USSR were based on hydrolyzates of gelatir,
fieh, liver, ard meat, with glucose as the carbohydrate scurce.
Eigelsbach et al.*? used 2 liquid medium containirg casein hydrolyzate,
cysteirce, and thiamire to produce immurogenic live tularemia vaccine.
In recert studies, Chamberlain'?® compared the growth supporting
potential of a chemically defined medium with that of a complex
undefined medium; the organism grew at scmewhat lower viable cell popu-~
latiors in the defined medium, but otherwise appeared to retain its
identity aad to be equal in potency to cultures pzepared in tne
undefined medjum. Additions of uracil, adenine, and guanine to the
synthetic medium did not enhance growth.
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In the present study, the growth of P. tularensis LVS in different media
was compared for the purpose of determining the optimal condirions for
vaccine production. Particular emphasis was placed on amino acid, carboen,
and oxymon rogulrements £for growth.

II. MATERJALS AND METHODS

The morphological and immunological characterfstics of P. tularensis
LVS were described by Eigelsbach et al.'*~'® The primary cultures were
grown in casein acid digest medium and stored in liquid nitrogen.

The basic liquid culture medium had the following composition:
5 g Basamine-Busch yeast/liter, 0.1 g cysteine HCl/liter, 0.Gl g thiamine
HCl/liter, 5 g NaCl/liter, 2.78 g KipP0,/liter, and 1.16 g K;HPO, /jliter.
Either casein acid digest (CAD) or N-Z-Amine, Type & (NZAA)* was added
to the medium in sufficient amounts to give a concentration of 0.85 to
1.05 mg amino nitrogen/ml after sterilization. CAD was prepared by
autoclaving 20% casein solution ia 1.25 M H;50, at 121 C for 2 hours.
Our CAD and NZAA preparationas contained 38 and 637 amiuno nitrogen,
respectively.

Concentrations of 0.5% glucose (GLU) or 0.5% glycerol (GLY) were used
as carbon sources. In medium containing glucose, the glucose was sterilized
separately and added ageptically to the basal medium after sterilization.

No separate sterilization was necessary with glycerol.

By ;using either GLY or GLU as carbon gources and CAD or NZAA as amino
acid sources, four media combinations were obtained: CAD-GLY, CAD-GLU,
NZAA-GLY, and NZAA-GLU.

Growth studies in these media were conducted in 8-liter New Brunswick
fermentors** with a 6-liter iiquid working volume. Agitation was
majntained at 300 rpm with a single, flat-blade impeller, and aeration
wag at the rate of 6 liters of air per minute. Each fermentor was
equipped with sterilizable pH e'ectrodes*** and polarczraphic oxygen
sensors.¥*i* The oxygen probe was sterilized chemically and inserted
aseptidzally into the fermentor. The initial pH of the medium was adjusted
with 10 N NaOH; pH was controlled by automatic addition of 1 N HCL during
the fermentation, Temperature was maintained at 37 C.

* Sheffield Chemical Co., Worwich, New York.

** New Brunswick Scientific Co., New Brunswick, N.J.
*** Leeds & Northrop, Inc., Pullerton, Calif.
ik Beckman Instruments, Inc., Fullerton, Calif.
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Dizrezt mecasurements of oxywen: utilization rates were determined by
the method of Hospodka.’” After 6 hours of initial incebation, the flow
2f 24ir to the fermentor was periodically intersupted for 2 to 3 winutes
and the rate of depletion of oxygen from the liquid was recorded.

From the slope of the curve, the nxygen utilizatisn rate was Jdetcrmined.

The fresh inoculum conzisted of 300 ml of 3rn 18-hour culture grown
in 1.5-liter Fexrnbach flasks. Care was taken to s5e an {noculum grown
in the same medium 25 used in the fermentor run,

Ir some experiments, the mixed aminc acid source w2s replaced
with individual amino aciés in concentrations of 2,35 g/liter. These
runs were <conducted in 250-ml Erlenmeyer flasks containing 20 ml of
medium. The inoculum was 1 ml ¢f a l6-hour culture. Flasks were
incubated f>r 18 hours at 37 T on a 100-cpm veciprucal shaker with
2-inch strokes. The initial pH was adjusted to 6.2 with 10 N NaOH
and vas unceontrolled Zuring the incubztion period.

The viable count was determined by plating on glucose cysteine -
blood egar.’® Colonies were counted after 72 hourd incubation at 37 C.
Optical density (0D) was or. 2 Bausch 3 Lowb Spectrconic 20 spectrophotometer™
at 620 mu. Amino nitrogen and ammonia ritrcgen analyses were performed
with a Technicon** autoanalyzer. The glucose and glycerol contents were
determined by the methods cof S-:-m.ogyi18 ard of Bailey,’® respectively.

A. EFFECT Or CARBON AND AMINO ACID SOURCE ON GROWTH

Growth studies were conducted in the New Brunswick fermentors at the
controlled pH of 6.6, Expioratory experiments on the effect of pH had
indicated that this pH level was the optimum for the propagation of
P. tularensis LVS, Abcve this pH, the growth rate of the organism
rapidly decreased.

Typizal growth curve and ammonia formation in CAD-GLY medium are
shown in Figure 1, During growth, ammonia formitinn was considerable
and the rate of production was directly prcportional to the growth
rate of the organism, Although not shown, the amino nitrogen utilization
curve exactly paralleled the ammoria curve. Of the tozal available
amino nitrogen, 27% was utilized during the growrzh cycle.

* Baugch & Lomb, Rochester, N.Y.
** Technicon Instruments, Ardsley, N.Y.
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Wirh 2n zeraticn rate of | - olume air per volume medium per minute, the
dissolved oxygen concentration fell to a2 wminimum of 63% saturation level
after 9 hours' incubation {Fig. 2Z). The minimum level of dissolved cxygen
corresponded to the end of the logarithmic growth phase. The oxyeen
utflizatfon rate was 2.8 =g moles per liter-hour at this time. After
compietion of growth, air utilization rapidly decreased. Oxygen utilization, N
as well as amino acid utiliza_ion, was directly proportional to the growth

_rate of the organiam. z

The hourly interruption of air for the determination of oxygen
utilization rates had no significant effect on the growth rate or finai
cell yield. Consequently, this was a rapid and simple method for
indicating the metabolic state of the culture.

The game growth parameters are shown for NZAA-GLU media in Figures 3
and 4. The organism displayed similar growth and metabolic patterns.
However, the cell yield, growth rate, ammonia formation, and oxygen
urilization were considerably lower than in the CAD-GLY system. Only
157 of the available amino nitrogen was utilized during the fermentationm.

The fermentation characteristics of P. tularensis LVS in the four
types of medium are surmarized in Table 1. Glucose was interchanged
with glycerol without significant effect on the growth rate or cell yield.
However, JAD proved to be a significantly better amino acid source than
NZAA. In CAD medium, the final cell concentration was consistently above
1.2 x 1010 organisms/ml; organisms grew faster, and the total fermentation
time was 2 to 3 hours shorter than in NZAA medium. The tocral amino acid
utilized was dependent on the celi yield. Higher terminal cell numbers
vere assoviated with more pronounced amino acid metabolism during the
fermentation. The ratio of amino nitrogen utilized to ammonia formed was
alwost 1:;1, indicating that the major pathway of amino acid utilizatien
wags deamination.

B. REPLACEMENT OF MIXED AMINO ACID SOURCE WITH SINGLE AMINO ACIDS

In order to determine the exact function of CAD or NZAA in the medium,
the mixed amino acid sources were replaced by single amino acids.
Thirteen amino acids were testad (Fig. 5). Amino acid utilization was
estimated from amino nitrogen and ammonia nitrogen halances before and
after the 18-hour incubation period; the extent of growth was measured
by the usual optical density method.
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All the aminc acids tested were utilized; after the incubation period,
decreases in amino nitrogen content and equivalent ammonia formaticn were
detected. On a percentage basis, serire utilization was the highest (29%)
and lysine the lowest (12%). Generally, growth was prcportional to amino
acid utilization. One notabie exception was lysine, which, although not
utilized to any great degree, produced good growth. Maximal growth
was cbserved in glycine medium., The optical density of 0.740 units
vae comewhat lower than that obtained 4n the NZAA-GLU medfum., In the
«usence of arino acid supplement, however, very little of the aminc acid
introduced by the yeast supplement was utilized, and virtually no
increase in ¢:11 population occurred. Again, higher terminal cell numbers
were assoctiated with more pronounced amino acid metabolism during the
fermentaticn.

C. MECHANISM OF DEAMINATION
During growth experiments, ammonia formation was proportiocnal to
the oxygen demand; consequently, oxidative deamination appeared to be a

logical choice for the pathway of amino acid metabolism.

The overall equation for oxidative deamination is:

NFz
R-C-COOH + %02 = R-C-COOH + NH; (1)
| i
H 0

Thus; for each mole cf NH3 formed, % mole of 0, is utilized, i.e.:

P(03)

Fomy - 0 @

Equation (2) can be rewritter in differential (rate) form:

dP(0;) . dP(NHy)
dt =0. dt (3

During growth, oxygen may be utilized by pathways other than axidative
deamination, One mey assume that the additiocmal oxygen demand is
proportipnal to the cell mass. Thus, a2 better approximation of the oxygen
balance, Equation (3), is:

dP(0 dP(NH
aP0) _ .5 JEMR) (&)
dt de
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where B = proportionality constant, and X = cell mass in OD units.
Rearranging Equation (4), one obtains:

1 4P(02)) 1 dP(NH3)
(i & T 0'5(x —ar‘)*” B (5

1o Figure 6, rate of oxygen utilization per unit cell mass (OD units)
is piotred against rate of ammonia production per unit cell mass. The data
are the pooled valueas of five experimental runs in CAD-GLY and NZAA-GLY
media. The rate of oxygen utilization was obtained by the Hospodka*”
method, and the rate of ammonia production by graphical differentiation of
the total ammonis curve. B3y regression analysis, the slope of the curve
was found to be 0.61. This value was not significantly different from tha
theoretical value of 0.5 at the 95% significance level. The line did not
intersect the Y axis at the origin; therefore, not all the oxygzen was
associated with the deaminatior. reaction.

IV. DISCUSSION

The amino acid utilizarion of P. tularensis LVS is similar to that of
the virulent strains, inasmuch as deamination causes pronounced ammoni-
fication of the medium during growth.® If the PH is uncontrolled, the
culture fluid turns alkaline, and the growth rate of the organism decreases.
The most likely route of amino acid metabolism is oxidative deaminstion.
Because oxidative deaminaticn does not change tho: basic organic structure,
the amino acids and their keto acid analogs may serve as energy sources
as well as carbon skeletons for the organisms. Whether amino acides can
completely replace glucose as a carbcn source is mot certain.

The primary function of both CAD and NZAA is to supply free amino acids
in the medium, as it is unlikely that either contain any additional growth
factors. Analysis of NZAA shcwed 40% protein aitrogen present; therefore
the significantly lower cell yield in NZAA medium may have been caused by
the presence of some undigested proteln that inhibited growth. After
sulfuric acid hydrolysis, casein was almost completely decomposed to amino
3cids and ammonium salts with less than 5% protein nitrogen. The mixed
amino acid source can be replaced, to a great extert, by single amino acids.
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It is somewhat difficult to assess the roles of individual amino acids
in the medium. Unlike Chamberlain,13 we were unable to grow the live
vaccine strain in purely cynthetic medium. The Basamine-Busch yeast,
an essential medium component, contains some free amino acids.

Oxidative deamination of serine, proline, and aspartic acid is greater
than that of the other amino acids. All three have been reported to be
essential for the propagation of virulent strains. The live vaccine
strain appears to have very little or no proteolytic activicy. In the
absence of a significant amount of free amino acids, very limited aronia
formation and growth occur.
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Although both glucose and glycerol are utilized by the live vaccine strain,
the amounts required for growth are considerably less than for virulent
strains. Comparable initial concentrations of glucose have been reported
to be completely exhausted during the growth of the viruleat SCHY strain.’

The organism required vigorous aeration for growth. The oxygen demand
ig maximum a% the end of the logarithmic growth phase and rapidly declines

- -4n £iaal statignary culrtures, The major part of oxvgen consumption is

attributable to deamination activity. The oxygen uptake rate of the organism
is a function of its growth rate, being highest in the most actively growing
system. Working with virulent strains, Traub et al.® observed oxygen
toxicity for P. tularensis at low population levels. We have observed no

111 effect of relatively high oxygen concentrations on the live vaccine
strain. Indeed, growth started in a logarithmic manner soon after inocula-
tion at oxygen saturations of near 100%. On the other hand, under microaero-
philic conditions, such as inadequately satirred shake flasks, growth

tended to be scanty or, in some cases, absent. For some reason, this was
especially iLzue in shake flasks containing glycerol 2= a carbon source.

Nutritionally, the live vaccine strain is perhaps ¢ven more fastidious
than the highly virulent strains. The concentrations of vitamins, amino
acids, and oxygen and the temperature and p{ must be carefully controlled.
Unless adequate control measures are taken during medium preparation and
fermentation, cell yield will fall far below the maximal or average level.

The immunogenicity of live vaccines produced in four different types
of production media discussed in this paper is presently being investigated.
Early results indicate that each medium produces immunologically active
vaccine. Colonies produced on peptore-cysteine agar by cultures from each
of the four vaccines are all of the immunogenic, smooth type.
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