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ABSTRACT

Bacillus megaterium is a promising host for expi@sof heterologous proteins. This paper reports tutrient
consumption patterns and production of metabolftasthree different strains of B. megaterium, ATCE945,
QMB 1551 and PV 361, which is QMB 1551 with sevmrsiitutive plasmids deletetl4 h cultivations in agitated
flasks were run, for two different media: A (LB $IlOg/L glucose) and B (medium A, with the yeastex
replaced by tryptonestrains PV361 and QMB 1551 showed higher maximueuifsp growth rates in medium B,
reaching 0.42 H and 0.48 H respectively. The main by-products of the gluanssflow mechanism were acetate
and lactate, for all three strains, which had prefgtial amino acids for substrate: Ala, Asp, GlugrSNo
production of alcohols was detected.
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INTRODUCTION enzyme: the machinery for secreting the enzyme is
present in the wild strains. Thus, cultivationkaf
Bacillus megateriunoffers advantages that makecoli, which still is the major industrial production
this gram-positive, aerobic, endospore-formingchoice for PGA, has an economic drawback; the
bacterium a promising candidate for theenzyme has to be extracted from its periplasmic
production and secretion of recombinant proteinsspace, consequently elevating production costs.
It uses a large variety of substrates, does n®GA is one of the most important enzymes used at
generate endotoxins, shows high secretioan industrial scale and its extra-cellular prodorcti
capacity (Vary 1994), absence of alkalineby Bacillus megateriumATCC 14945 has been
proteases (Rygus and Hillen, 1991), and stabilitptudied for several years by our group (Pinotti et
of plasmids when compared wiBrcillus subtilis al. 2000, 2007). It catalyzes the hydrolysis of
(Meinhardt et al. 1989). penicillin G (benzyl penicillin) to produce 6-
An example of industrial application of this vectoraminopenicillanic acid (6-APA), a key component
is to intensify the expression of penicillin G for the synthesis o-lactam antibiotics (Yang et
acylase (PGA) by thepac gene of Bacillus al. 2006).
megaterium itself. B. megaterium has one The endogenous production of PGA Bwcillus
advantage oveE. coli for the production of this megateriumundergoes strong catabolic repression
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by glucose and glycerol, which are usuallybrewer's yeast, is rich in nitrogen. Its typical
employed for cultivations aiming at high cell composition is 8-12% of total nitrogen, and from
densities, since they are easily-assimilated carbdhis 3.0-5.2% is amino nitrogen. It has 4-13% of
sources (Pinotti et al. 2007). Silva et al. (2006jotal carbohydrate, 13% of ash, vitamins and other
suggest the use of an amino acid-free medium fgrowth stimulating compounds. The main
overcome this problem, but with the drawback oklements found in yeast extract ashes are Mg, Fe,
decreasing the specific growth rates. ClonBlg Zn and Cu, with 1270, 150, 74 and {d&/Giry ws
megateriumpac gene inB. megateriumitself, respectively (Grant and Pramer 1962).

while using a promoter (xylose) to control theTryptone is protein hydrolyzed by trypsyn. Thus,
expression, is an alternative presently beinguith respect to N, it is a rich source of aminodaci
studied in our group, aiming at the over-expressionitrogen. This study will contribute to a better
of PGA. This would allow high cell density understanding of the role of these two different
cultivations, using glucose as carbon source, withitrogen sources fd8. megateriungrowth.

a consequent increase in the productivity of the

process. It is expected that by increasing the

number of cloned plasmids containing thac MATERIALSAND METHODS

gene inB.megateriumthe PGA expression level

would increase as well. However, the size anfiaterial and microorganism

number of the endogeneous plasmids in thgeast extract and tryptone (hydrolyzed casein)
microorganism may prevent the cloning of a highyere purchased from Acumedia. Glucose, from
number ofpac copies. Therefore, the deletion ofvetec. All other reagents were of analytical grade
the endogeneous plasmids from the wild strain is fom several commercial brands.Bacillus
promising strategy to enhance the xylose induceghegateriumATCC 14945 was kindly donated by
PGA expression. On the other hand, cultivation of ropical Foundation, Campinas/SP, BrazB.

B. megateriumat high densities poses somemegaterium PV 361 and QMB 1551 were
difficulties: high levels of glucose induce acidicgraciously donated by Prof. Patricia S. Vary,
aerobic fermentation (overflow mechanism), whileNorthern lllinois University. Strain PV 361 is a

depletion of the carbon source and/olariant of QMB 1551, where the genes of its seven
accumulation of lactate and acetate inducegonstitutive megaplasmids were deleted.

sporulation (Galeano-Suéarez 2010). Sporulation in

Bacillus sp.is also a key factor to optimize |noculum Preparation (Germination)

bioreactor operation. FdB. subtilis Carvalho et 5 mL of spores ofB. megateriumstored with

al. (2010) report this phenomenon in aerobiglycerol in cryovials at -70 °C were transferred to
cultivations after glucose depletion. 500 mL Erlenmeyer flasks containing 45 mL of
With this scope, it is important to assess thgrowth medium. Medium "A" contained: LB
consumption patterns of substrates, of cell growtthedium (Bertani, 1951) with yeast extract (5 g/L),
and of metabolite generation for thistryptone (10 g/L) and sodium chloride (10g/L),
microorganism. Three different strains d&. plus glucose (10 g/L). Medium "B" had tryptone
megaterium were studied hereATCC 14945, replaced by the same concentration of yeast extract

QMB 1551 and PV 361. The strafV 36lis a (15 g/L in total). The inoculum was grown at
QMB 1551 with all seven constitutive plasmids 30 °C, 250 rpm for 12 h.

deleted. Therefore, this study will allow not only

to identify common metabolic patterns betweergyltivation in flasks

B.megateriumATCC 14945, the strain used in our5 mL of inoculum were transferred to 500 mL-
group, and QMB 1551, but also to correlate thgrlenmeyer flasks containing 45 mL of medium
deletion of the endogeneous plasmids with thesgnd kept in a shaker (Marconi, Brazil) at 30 °C,
patterns. The microorganisms were grown innitial pH 7.5, 250 rpm for 12 h. The pH at the end
flasks in two media: a standard medium (Lysogenyf the cultivations was 6.5. Samples were collected
Broth, LB), here called medium A and aevery 2 h, centrifuged for 20 min at 10,600 g and
modification of this medium, replacing tryptone byat 4 °C (Eppendorf centrifuge, model 54030). The
yeast extract, medium B. Yeast extract, obtainegupernatant was used to monitor the consumption
by autolysis and debris separation of baker's ajf nutrients and the production of metabolites.
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Céell Concentration the ratio 7:1:1:1 (v/v). For separation, two mobile
Dry cell mass was determined by centrifuging Zohases were used, sodium acetate trihydrate pH
ml of medium in a refrigerated centrifuge, 6.4 and acetonitrile 60% v/v, at a flow rate of 1.0
followed by drying at 60 °C for 24h. Cell mL/min.

concentrations were also monitored by measuring

the optical density (OD) at 600 nm (Pharmacia

spectrophotometer ULTROSPEC 2000). TheRESULTS

correlation between dry cell weight (DCW) and
optical density (D@ony Wwas DCW (g/L) =

Figures 1, 2 and 3 illustrate the profiles of cell
0.420xDQoonm+ 0.164.

concentration, glucose concentration and organic
acids produced during cultivations ofB.
Analysis megateriumATCC 14945 (ATCC), PV 361 (PV)
Carbohydrates and organic acids were measureghd QMB 1551 (QM), respectively, for the two
by high performance liquid chromatographymedia tested. No detectable amounts of alcohols
(Waters) using an ion exchange column Aminexvere present. From these data, it can be seen that
HPX-87H, Bio-Rad and 5 mM sulfuric acid PV and QM growing in medium B presented a
solution as mobile phase (0.6mL/min). Thehigher maximum specific growth rat@,., g= 042
temperature for separating the components was 5t and 0.48 H respectively.

°C. Detection of organic acids occurred at 210 nnFigure 4 shows the amino acids consumption by
Glucose and alcohols were measured in ¢he ATCC strain growing in media A and B. It is
refraction index detector. apparent that the presence of tryptone, composed
For amino acids, a Pico-tag system was usedf oligopeptides obtained after the enzymatic
reverse-phase chromatography with pre-columiydrolysis of casein by trypsin, inhibits the
derivatization of the samples. The derivatizatiorconsumption of free amino acids present in the

reactant consisted of a solution of ethanolyeast extract. Thus, amino acid consumption rates
triethylamine, phenyl isothiocyanate and water irare higher for medium B.
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Figure 1 - Evolution of cell concentration, glucose consumptand production of organic acids
during cultivation ofBacillus megateriumtATCC using: (A) medium A (glucose+LB),
(B) medium B (glucose, NaCl and yeast extract).oEtvars: standard deviation of
triplicates.
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Figure 2 - Evolution of cell concentration, glucose consumptiand organic acids during
cultivation of Bacillus megateriunPV using: (A) medium A (glucose, NaCl, yeast
extract and tryptone), (B) medium B (glucose, Na@t extract yeast). Error bar:
standard deviation of triplicates.
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Figure 3 - Evolution of cell concentration, glucose consumptiand organic acids during
cultivation of Bacillus megateriunQM using: (A) medium A (glucose, NaCl, yeast
extract and tryptone). (B) medium B (glucose, Na extract yeast).
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Figure 4 - Amino acids preferentially consumed Bwcillus megateriumATCC 14945 using: (a)
medium A; (b) medium B.
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Table 1 - Maximum concentrations of cells (Cx), acetic aamd dactic acid, maximum specific growth rateg{)
and cell/glucose yields ¥) in cultures of different strains &. megateriunin shake flasks, in medium A (LB
medium with 10g / L glucose) and medium B (replaeetmof tryptone by yeast extract), 3G, pH 7.5. Cell
concentration measured after 14 h of cultivatiotanB8ard deviations estimated from independentidefgs.

Growth parameters estimated in the exponentialgphas

. . Culture CXirax Max. Acetate Max. Lactate Hmax
MITOTEN  megium  (Gayosll) (@L) @L) () e
%”é%’ﬁ;fg A 260+2.2x10° 020 +4.0x10° 0.44+1.0x10° 023+1.1x107 0.49+8.3x107
B. megateri 2
AToC 14045 B 28837.4x10° (7430410 0381.0x10' 0.26:2.0x10°  053:9.0x107
B. megateriurr 2 -3 4 > -2
B. megateri

B 3.9146.4x10" 1.08+2.3x107 041+1.0x10? 042+3.0x10°  0.50+9.1x10
B. megateriur 245 0.83* 0.48 0.28 0.51%

QM** 2.80% 0.79% 0.60** 0,22+ 0.54%

B. megateri

mgg,\"jl‘ enum 3.6045.3x10" n.a n.a. 0.48+2.1x10°  0.64+2.0x10"

** Experiments in duplicate.

DISCUSSION a lower concentration of the nitrogen source, the
other growth factors present in the yeast extract,
Figure 1 indicates thaB. megateriumATCC whose concentration was higher in medium B,
consumed approximately the same amount ofere important for the PV strain. The production
glucose (4.5 g/L) for both media. The profiles forof acetate, in this case, is higher than that of
the two media, A and B, are very similar,lactate, and the glucose threshold where the
indicating that tryptone did not significantly affe organic acids begin to be consumed is lower than
the metabolism of the microorganism. Lactate anébr the ATCC strain. This behavior is presently
acetate were the main metabolic side products (ieing confirmed in  fed-batch  bioreactor
this order). The production of lactate starts right cultivations (data not shown). Figure 3 shows that
the beginning of the assay, followed by acetate. the behavior of the QM strain is similar to the PV
seems to be a common trend in the organic acidg®e. It appears that the QM strain, regardless the
curves to show a maximum concentrationpresence or absence of the endogeneous plasmids,
indicating that these metabolites are used gows better in medium B, without tryptone.
carbon source when glucose approaches depletionable 1 shows cell concentrations after 14h,
This behavior is also typical fdE. coli overflow maximum concentrations of acetic acid and lactic
of glucose (Crabtree effect) for high substrateécid, and conversion factors of glucose into cells
concentrations, followed by the consumption ofor the three microorganisms. These values were
the organic acids (non-preferential substrateg)btained after three independent experiments for
when the sugar concentrations are low. The sani® megateriumATCC 14945 andB. megaterium
behavior is apparent here, f@. megaterium. PV and two independent experiments fBt
Another important observation is that no aerobignegateriumQM. An estimate of the maximum
alcoholic fermentation route was noticed for thisspecific growth rate for each case, taken after
microorganism: all overflow of glucose is directedfitting the logarithm of Cx versus time in the lare

to acidic fermentation pathways. region of the monolog graph, is also presented.
Figure 2 shows the results for the PV strain. Ia th The results shown in Table 1 indicate that theethre
case, the cell growth rate was higher for mediurmicroorganisms presented similagapvalues for

B. The plasmid-deleted strain seems to show @edium A, therefore similar metabolic patterns.
marked preference for higher concentrations oPn the other hand, for medium B, where the
yeast extract (medium B). Although medium B hasoncentration of growth factors present in the
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