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ABSTRACT

The glutamate dehydrogenase (GDH) protein of Sreptococcus suis is used for protecting pigs against S. suis
infection, and acetate is a primary inhibitory metabolite in expression of GDH by E. coli and the expression of GDH
was increased by reduction of acetate accumulation with optimization of dissolved oxygen (DO) level and feeding
strategy. In this study, the effect of different DO levels and DO stage control strategies on expression of GDH were
investigated, and the results indicated that the DO level controlled at 50% (0-5 h) and 30% (5- 10 h) decreased
accumulation of acetate and increased cell density and GDH production. Furthermore, the DO and pH feedback
feeding were applied in production of GDH, and higher cell density and concentration of GDH were obtained with
DO feedback feeding that were 1.57 (ODgy) and 38.24 mg/L and the accumulation of acetate decreased to 3.86 g/L.
This study could provide theoretical foundation for industrial production of GDH and enhance the application
market of GDH subunit vaccine.
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INTRODUCTION

Sreptococcus suis is one of the most important swine pathogens wadd and an important agent of zoonosis [1].
Because of a lack of effective means to controliifiection ofS. suis, the economic impact of the infection on the
swine industry is substantial [2]. It has been rigggbthat the glutamate dehydrogenase (GDH) pratefh suis is
antigenic and conserved in the strains tested, wteacts with serum from animals wighsuis type 2 infection,
leading to making it a serological assay to de$estis infection [2, 3]. We previously constructed a mnetwnantE.
coli designated as SS2-GDH that produces activity prattGDH of S. suis serotype 2 [4], but the production of
GDH was low because of high acetate accumulatitve. GDH ofS. suis used to distinguis. suis infection will
help to control the disease causedsbguis, thus it is necessary to improve the productio®bBH of S. suis type 2
and expand its application for the developmentigfipdustry.

E. coli is used as the common host for production of rdoamt protein, and acetate is a primary inhibitory
metabolite in cultures d&. coli, since it causes inhibition for growth of straimdaformation of desired product [5].
Many authors have reported that the high-yield potidn of recombinant protein was obtained by dasire
efficiency of acetate [6]. Acetate accumulated wvtite condition of aerobic was known as “overflowtat®lism”
that resulted from an imbalance between glycolgsid tricarboxylic acids (TCA) cycle [7]. The consien of
acetyl-CoA through the action of phosphotransaest/lpta) and acetate kinasadkA) and the conversion of
pyruvate directly into acetate via pyruvate oxidBs@poxB) contribute to acetate formation [8]. The eliminatof
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Pta and AckA activities have resulted in a sigaificreduction in acetate accumulation [9].

The DO is an important factor in culture Bfcoli, since it influences many physiological properaesl a number
of enzymes of the Embden-Meyerhof-Parnas (EMP)oéemonophosphate (HMP) and TCA cycle pathways
together with cytochrome measurements [B]coli utilizes higher proportion of glucose via the HMRh high
DO level than that of low DO level, which is caudsdthe low activities of phosphofructokinase [1@]. When the
growth rate of strain and oxygen consumption bechatter balance, the formation of acetate coula\®rcome
[12]. The acetate accumulation was found to berselg correlated to the DO levels, and the expoeskivel of
key enzymes related to synthesis of acetate wdeetafl by the DO levels, that is, at high oxygeiy ahe
Pta-AckA pathway genes are transcribed, while atdgygen both the genes of the Pta-AckA pathwaythedjene
of PoxB seem to be transcribed [13]. Due to thé D level maintained, the demand for bioreactoreases, and
an efficient way to maintain aerobic growth corai is to increase the oxygen concentration irathsupply by
mixing the sparging air with pure oxygen [14], whiaevill improve the cost of production. IncreasingdD
concentration duringt. coli growth stimulates an increase in intracellularaaaration of reactive oxygen species
(ROS), which cause oxidative stressocoli cells associated with reduced or inhibited growtbluding damage
by inactivating proteins, breaking nucleic acicastis, and altering the lipids and fluidity of celembranes [15].
Maintaining an appropriate DO level is importantremluce accumulation of acetate and improve proatucif
desired product.

The accumulation of acetate can be reduced by atignthe fermentation process and genetically rfiyodj the
cells [12]. In production of recombinant protein AlR, the excretion of acetate was prevented by gigime
combined feeding strategy of exponential feedind pH-stat feeding, and the dry cell weight andvacsoluble
TRAIL were increased by 58.54% and 47.37% compaviéd using a constant feeding rate strategy [18le T
natural glucose transport system was substituted bgnstitutively expressed galactose permeade aoli that
allowed efficient growth by reducing the glucosetalie rate and consequently decreasing acetate giroalu
leading to yielding the double of plasmid DNA peam of cell than the parental strain [17].

In the present study, we investigated the effeEf3®@ level on production of GDH bk. coli, and according to the
requirement of cell growth and formation of GDHsteategy of stage control of DO is used in productf GDH,
which resulted in reduction of acetate accumulatind improvement of GDH production. Furthermore, fieding
strategy based on pH and DO were used in the Gbhkfetation to increase the production of GDH.

EXPERIMENTAL SECTION

Microorganism and medium
The strainE. coli SS2-GDH, was obtained from earlier work in ourdiatory and stored at the Culture Collection
of Shandong Binzhou Animal Science & Veterinary Mdate Academy.

The seed medium Luria Broth (LB) contained the congmts (in g/L): tryptone 10, yeast extract 5, bia€l 5. The

fermentation medium for producing GDH protein hiad following composition (in g/L): glucose 5, yeastract 10,
(NH,).SQ, 2,, MgSQ:- 7H,0 2.5, and KHPQ, 1.5. The pH of both seed and fermentation meds adjusted to 7.0
with 4 mol/L NaOH.

Culture methods

The strainE. coli SS2-GDH was cultivated in a 10-L fermentor (GRDFermentor System, Zhenjiang, China). A
500-mL baffled flask containing 100 mL seed mediwas inoculated with a single colony Bf coli SS2-GDH and
cultivated at 3T with shaking at 200 rpm for 12 h. The culture gnoim the baffled flask was inoculated
aseptically (2% v/v) into 5 L of production mediima 10-L fermenter. The temperature was maintaatesi7C,
and the pH was adjusted to 7.0 with 4 mol/L NaOldrduthe course of the cultivation period. The D®dl was
maintained at different values to meet specificezkpental requirements. When the initial glucoses wapleted,
glucose solution (50 % w/v) was added to the fetore®nce the cell density (QE) increased to between 0.7 and
0.8, the isopropyl thiogalactose (IPTG) as added the fermentor to control the concentration oT@at 1
mmol/L to induce synthesis of GDH protein and th#igation was continued for 8 h.

Analysis of fermentation products

The DO, pH, and temperature were measured autaatigtizith electrodes attached to the fermentorse Thll
density was determined as described previouslyTB& concentration of glucose was monitored usm§BA-40E
Biosensor Analyzer (Biology Institute of Shandongadlemy of Sciences, China). The concentration efade was
determined using an Agilent 1206 (Agilent Technédsg Santa Clara, CA, USA) high-pressure liquid
chromatography system. The concentration of GDHemavas determined as described previously [4].
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Satigtical analysis

All experiments were conducted in triplicate, aheé tdata were averaged and presented as the mezdarsta
deviation. The significant differences was detemdity using one-way analysis of variance followsdannett’s
multiple comparison test, and statistical significa was defined &3<0.05.

RESULTSAND DISCUSSION

Effect of different DO levels on production of GDH
Cell density and concentration of GDH
1.5
a

w
(&2

T

w
(=1

1.2

o]
w
1

<
©
1
N
o
L

=y
w
1

Cell density (OD_ )
=]
)
1

=y
[=]
1

0.3 1

Concentration of GDH (mg/L)

w
1

0.0 T . - .
0 2 4 6 8 10 5 6 7 8 9 10

Time (h) Time (h)

(=]

Figure 1 Effect of DO levelson cell density and concentration of GDH

The cell density and concentration of GDH with D&dls of 5%, 20%, 30% and 50% are displayed inreidu
The concentration of GDH increased with increasialydensity. The lowest cell density (0.81) andaantration of
GDH (12.47 mg/L) were obtained with DO level of 58hile the highest cell density and concentratibtG®H

were obtained with DO level at 30% that were 1.88 32.95 mg/L. The cell density and expressionllef&DH

at DO level of 50% were higher than those with @2®el of 30%. High DO level was beneficial to ingeaell
density and expression level of GDH [13].

Accumulation of acetate and consumption rate of glucose

Figure 2 showed the accumulation of acetate andogki consumption rate with different DO levels iDHG
production. The accumulation of acetate increaséldl decreasing the DO level. The accumulationsocetate with
DO levels of 5%, 20%, 30% and 50% were 8.78 g/B24/L, 4.12 g/L and 3.91 g/L, respectively. Thdamced
acetate accumulation at lower DO was the resulbwer TCA cycle activity and altered transcriptitavels of
genes associated with glucose and acetate metabfl]. The glucose consumption rate with DO leoE5%
during the whole fermentation period was lowestalbse of high accumulation of acetate [12]. With Ei@ level
above 20%, the glucose consumption rate decreaisednereasing DO level. Lower proportion of glueoga the
EMP pathway with high DO level, leading to decraggshe consumption rate of glucose [11].
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Figure 2 Effect of DO levels on acetate accumulation and glucose consumption rate
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Effect of DO stage control on production of GDH

Based on the results with different DO levels, fetrategies of DO stage control were developedkpression of
GDH, as follows: strategy | 20% (0-5 h) and 30% 1B-h), strategy Il 30% (0-5 h) and 20% (5-10 tjategy Il
50% (0-5 h) and 30% (5- 10 h), and strategy IV §0% h) and 30% (5- 10 h).

Cell density and concentration of GDH
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Figure 3 Effect of DO stage control on cell density and concentration of GDH

The cell density and concentration of GDH with D@ge control strategy are presented in Figure ghést cell
density and concentration of GDH were obtained sittategy 11l that were 1.45 and 35.24 mg/L, whigbre
increased by 9.85% and 16.99% compared with thbstrategy |, respectively. Cell density and corication of
GDH obtained with stragy Il were higher than thegith strategy Il. Maintaining high DO level duririge early
fermentation phase increased the cell density andantration of GDH [13].

Accumulation of acetate and consumption rate of glucose
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Figure 4 Effect of DO stage control on acetate accumulation and glucose consumption rate

The accumulation of acetate and glucose consumpditerwith DO stage control strategy are displayelgigure 4.
Lower concentration of acetate was accumulated tigher DO level during the initial fermentationripel. The
accumulation of acetate (3.95 g/L) with stratedyas lowest, which was decreased by 6.84% compaitbdthat
of strategy | (4.24 g/L). The concentration of atetaccumulated with strategy Il and IV were 4.48amd 4.09 g/L.
Due to the metabolic flux distribution with differeDO levels, the glucose consumption rate was fowth higher
DO level with the same fermentation period [10]

Application of pH and DO feedback feeding strategy in production of GDH

The cell density and concentration of GDH with phtlaDO feedback feeding strategy are showed in Eidur
along with accumulation of acetate and glucose wmpsion rate. The application of pH and DO feedstigaitegy
decreased accumulation of acetate, leading to asorg cell density and concentration of GDH [12heTcell

density and concentration of GDH with DO feedbaséding strategy were 1.57 and 38.24 mg/L, whiclevied5-
and 1.06-times higher than those with pH feedbaeklihg. However, the acelate accumulated (3.74 wifh) pH
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feedback feeding strategy was lower than that (8/8pof DO feedback feeding strategy. The variatid DO was
more delicacy than that of pH, which led to higfeding rate with DO feedback feeding strategy wsilted in
higher glucose consumption rate and accumulatioacefate [8]. Due to the glucose limitation with f#¢dback
feeding strategy, the cell density and concentnadifoGDH were lower [17].
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Figure5 Effect of pH and DO feedback feeding strategy on expression of GDH
CONCLUSION

According to the mechanism of protein expressiod anetate biosynthesis, the accumulation of acetai®
decreased and the cell density and concentrati@Dai were increased by using the DO stage contralegyy and
DO feedback feeding. The genetic modification o&ist and optimization of culture conditions shoblel used to
increase the cell density and expression of GDHs Btudy can provide theoretical foundation for ustlial
production of GDH and decrease its production desitling to enlarging the application market of GBlbunit
vaccine and promoting the development of swine strgu
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