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Glutamate excretion by Corynebacterium ylutamicum: 
a study of glutamate accumulation during a fermentation course 
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Summary. Corynebacterium 91utamicum was used  
in f ed -ba tch  f e rmen ta t ion  for  g lu tamate  p roduc -  
tion. Both in t race l lu lar  and  ext racel lu lar  concen-  
t ra t ions  were  de t e rmined  which  a l lowed us to 
s tudy the repar t i t ion  o f  the amino  acid accord ing  
to the cul ture  condi t ions  and  in the p resence  or  
absence  o f  surfactants .  A decrease  in cell v o l u m e  
was obse rved  af ter  addi t ion  o f  surfac tants  dur ing  
the exponen t i a l  phase  o f  g rowth ;  g lu tamate  accu-  
mula tes  in the cell, whereas  in s t andard  industr ia l  
condi t ions  the g lu t ama te  concen t ra t ion  in the me-  
d ium dur ing  the p r o d u c t i o n  phase  can  be 30-fold 
higher  than  tha t  f o u n d  inside the cell. The  level o f  
excre t ion is c o m p a t i b l e  with industr ia l  produc= 
tion. 

Introduction 

G l u t a m a t e  is by  far  the mos t  i m p o r t a n t  c o m m e r -  
cial amino  acid. The  wor ld ' s  p roduc t ion ,  ob t a ined  
exclusively by  fe rmenta t ion ,  reaches  300,000 
tonnes  per  year.  The  mos t  widely  used  species for  
g lu tamate  o v e r p r o d u c t i o n  are Corynebaeterium 
and  Brevibacterium. 

In bo th  cases,  an  increase  o f  pe rmeab i l i ty  o f  
the bacter ia l  m e m b r a n e  is necessary  to a l low the 
excret ion o f  the amino  acid. This mod i f i ca t ion  o f  
pe rmeab i l i ty  is ob t a ined  by  biot in  l imi ta t ion 
(Shiio et al. 1962), by  inhibi t ing cell wall  synthesis  
with penici l l in  (Kinosh i ta  and  T a n a k a  1973) or by  
addi t ion  o f  sur fac tants  (fat ty acids derivat ives)  
( T a k i n a m i  et al. 1965). 

In the p resen t  s tudy we examined  the p roduc -  
t ion o f  g lu t ama te  by  Corynebacterium glutamicum 
in f ed -ba tch  fe rmenta t ion .  The excre t ion o f  the 
amino  acid was induced  by  the addi t ion  o f  two 
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surfactants  at a very precise  step dur ing the ex- 
ponent ia l  growth.  Some  effects o f  the surfactants  
are r epor t ed  and  their  role on excret ion t r iggering 
is discussed.  We fo l lowed  the g lu tamate  repart i -  
t ion be tween  in t racel lu lar  and  extracel lular  med ia  
dur ing a f e rmen ta t ion  course  in var ious  condi-  
t ions leading to ei ther  high or low levels o f  ex- 
creted g lu tamate .  The  int racel lular  concen t ra t ion  
o f  g lu t ama te  has been  de te rmined  taking into ac- 
count  var ia t ions  o f  the cell vo lume  reflect ing 
modi f i ca t ions  o f  phys io logica l  state. 

Materials and methods 

Inoculum preparation. An industrial strain of C. glutamicum 
was used. The inoculum medium contained (g/l): Beet mo- 
lasses 80, H3PO4 3, urea 8, MgSO4 0.5, desthiobiotine 10-4; 
pH was adjusted to 5.75 before autoclaving (20 mn at 121°C). 
The inoculum culture was grown overnight at 30°C on a ro- 
tary shaker. 

Fermentations. Fermentations were carried out in a 201 fer- 
mentor (Chemap) with a working volume of 151. The medium 
had the following composition (g/l): Beet molasses 150, 
H3PO4 1.65, (NH4)2SO4 1, MgSO4 0.5, MnSO4 0.005, desthio- 
biotine 10 -4. Culture conditions were pH 7.3, temperature 
+34.5°C, agitation 550 RPM, aeration 0.6 VVM. Surfactant 
$1 was a polyethylene glycol acylated by stearic and palmitic 
acids. Surfactant Sz was laurylamine. 

The mode of fermentation was a fed batch. The initial 
concentration of sucrose in the medium was about 75 g/l; in 
the stage when the concentration fell to 30 g/l, a glucose solu- 
tion (600 g/l) was supplied to keep the sugar concentration 
constant in the medium. 

Analytical methods. The cell concentration was determined by 
absorbance at 650 nm (Spectrophotometer Perkin Elmer )d) 
and by the dry matter method. The quantities of sucrose and 
glucose were determined by an enzymatic method with a Yel- 
low Spring Instruments model 27 analyser. The method for 
lipid analysis has been described previously by Huchenq et al. 
(1984). The amount of glutamate was determined according to 
Beutler and Michal (1974) with the Boehringer kit. 

The intracellular glutamate content was measured accord- 
ing to Uribelarrea et al. (1984) after breakage of the cells by 
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glass beads, Thermogravimetry experiments were done using a 
Sartorius thermobalance. Intracellular glutamate concentra- 
tion could be determined by the following equation: 

G~ %i (K+a)--K + 1, 

where 

Gp = glutamate concentration in the pellet (g/l) 
G~ = intracellular glutamate concentration (g/l) 
G~ =in te rs t ic ia l  glutamate concentration (g/l) 
%i = intracellular water percentage in the pellet deter- 

mined by thermogravimetry 
%dm = dry matter percentage in the pellet determined by 

thermogravimetry 
Wp = pellet weight (g) 
V,, = water volume added for the breaking of the cells 

(ml) 
K = 1 - 4%drn 
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Fig. 1. Course of cells (X/Xm~) and glutamate concentration 
(G/Gmax) during a fed batch fermentation 

Results 

Fed Batch Fermentation and lipid composition 

The courses of experimental curves are depicted 
in adimentional coordinates in Fig. 1. Surfactants 
were added during the exponential phase of 
growth. 

The acylated surfactant $1 did not signifi- 
cantly modify the growth curve, while the amine 
surfactant $2 slowed it down and induced the ex- 
cretion of glutamate. It was a second type fermen- 
tation according to the Gaden classification since 
growth and production are uncoupled. 

Figure 2 shows the change of fatty acid com- 
position of the membrane during fermentation. 
The addition of surfactant $1 stopped fatty acid 
synthesis (Huchenq et al. 1984), the fatty acids of 
the surfactant (octadecanoic acid 18:0) being in- 
corporated in the cell lipids. It is worth while no- 
ting that the incorporation took place between the 
two maximal values of the specific growth rate (/2) 
and the specific production rate (v). This occured 
regardless of the level (high or low) of glutamate 
excretion. The highest excretion rate was obtained 
when the highest saturated/unsaturated ratio was 
reached. A short time after $1 addition, cells re- 
turn to a nearly normal fatty acid composition. At 
the same time the specific production rate de- 
creased sharply, although some excretion was 
maintained during the last two thirds of the fer- 
mentation. Thus if the modification of the cell 
fatty acids seems sufficient to trigger excretion, 
this was not the only phenomenon that led to glu- 
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Fig. 2. Fatty acids composition of bacterial membrane. 
Growth and glutamate specific production rates. 16:0=hexa- 
decanoic acid; 18: 0 = octadecanoic acid; 18:1 = octadecanoic 
acid 

tamate excretion. This was also suggested by the 
comparison of several cultures that did not reveal 
a correlation between the saturated fatty acid con- 
tent of cells and the final glutamate production. 

This has already been noted by Fukui et al. 
(1973). Moreover, good glutamate production 
(80 g/l) was obtained by adding the amine surfac- 
tant $2 without any addition of the acylated sur- 
factant. Since $2 did not change the cell fatty acid 
composition, either in fed-batch cultures or in 
synthetic medium in Erlenmeyer flasks (Huchenq 
et al. 1984), it is clear that the fatty acid composi- 
tion was not a requirement for glutamate excre- 
tion. 
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It is known that aliphatic amines are potent 
respiratory inhibitors and bacteriostatic com- 
pounds. $2 could thus induce glutamate excretion 
either by uncoupling the glutamate uptake sys- 
tem, as was postulated for excretion induced by 
$1 (Clement et al. 1984), or by lowering the pro- 
tonmotive force, or both. 

Another beneficial effect of $2 for the gluta- 
mate yield is the bacteriostatic effect: biomass 
production slows down after amine addition, giv- 
ing a higher yield of sucrose conversion to gluta- 
mate. 

Table 2. Reparti t ion of glutamate between the intracellular 
(Gi) and the extracellular (Ge) media during a fermentation 
when the maximal glutamate concentration is 100 g/ l  

t t Ge Gi G. Exit of glutamate 
(h) tmax (g/l) (g/l) G-~ against a concentra- 

tion gradient 

4 0.11 0.2 14.6 0.014 - 
5 0.14 1.8 17.1 0.105 - 

10 0.28 10.9 6.2 1.760 + 
18 0.50 45.1 3.3 13.670 + 
24 0.67 66.2 2.9 22.830 + 
36 1 98.7 3.2 30.840 + 

Modification of Corynebacterium glutamicum cells 
during a fermentation 

The intracellular water percentage of the cell and 
the dry weight percentage evaluated by thermo- 
gravimetry varied according to the culture stages 
between 25% and 30% and between 12% and 25%, 
respectively. The ratio %i/%dm could be asso- 
ciated with the physiological state of bacteria. We 
have found that this ratio decreases four times 
during the course of fermentation which means 
that the addition of the surfactants $1 and $2 
causes a diminution of the intracellular volume of 
C. glutamieum, this phenomenon being accen- 
tuated by the ageing of the culture (data not 
shown). 

a culture where the final glutamate concentration 
was 100 g/1 (Assay B: Table 2). The low value of 
glutamate concentration in assay A was related to 
an early addition of surfactants $1 and Sz. In both 
assays, intracellular glutamate concentrations 
were higher than the extracellular concentrations 
during the exponential phase of growth but they 
became lower during the production phase to be 
stabilized at a value of 3 g/1. Between the addi- 
tion of surfactants and the end of the fermenta- 
tion, the ratio Ge/Gi was multiplied by a factor 
170 in assay A and by a factor 2200 in assay B. In 
the latter assay, the glutamate concentration in 
the medium was then 30 times higher than in the 
interior of the cell, giving rise to levels compatible 
with industrial production. 

Glutamate repartition between the cell and the 
external medium 

Glutamate intracellular concentrations (G0 were 
evaluated taking into account physiological mod- 
ifications of bacteria during a fermentation and 
compared with extracellular concentrations (Ge). 
We compared the results obtained in a culture 
where the final glutamate concentration was 
7.5 g/l (Assay A: Table 1) with those obtained in 

Table 1. Repartit ion of glutamate between the intracellular 
(Gi) and the extracellular (Ge) media during a fermentation 
when the maximal glutamate concentration is 7.5 g/1 

t t Ge Gi G~ Exit of glutamate 
(h) t,~.x (g/l) (g/l) G~-~ against a concentra- 

tion gradient 

5 0.14 0.2 15.1 0.014 -- 
9 0.25 2.2 9.6 0.230 - 

12 0.33 4.7 3.5 1.350 + 
26 0.72 6.9 3.1 2.220 + 
36 1 7.5 3.1 2.400 + 

Discussion 

Some authors studied the phenomenon of intra- 
cellular accumulation of glutamate in various 
conditions such as limitation by biotin (Shiio et 
al. 1962; Fukui and Ishida 1973) or addition of 
penicillin (Kinoshita and Tanaka 1973). 

According to Shiio et al. (1962), the ratio Ge/ 
Gi (where Ge is the glutamate concentration in the 
medium and Gi is the glutamate intracellular con- 
centration) was 340-fold higher in a biotin-poor 
medium than in a biotin rich medium. In the case 
of addition of penicillin an inversion of the ratio 
Ge/Gi occured within 4 h. The ratio Ge/Gi w a s  in- 
creased 800-fold during fermentation. Table 3 
shows that in spite of various fermentation proto- 
cols leading to different values of intracellular 
concentrations of glutamate, a ratio Ge/Gi of 
more than 1 was always observed when the condi- 
tions of excretion were set up. However, the varia- 
tion of this ratio was much higher in our experi- 
ments, corresponding to the maximal level of ex- 
creted glutamate. 
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Table 3. Maximal variation of the ration GJG~ and maximal 
concentrations of glutamate excreted in the medium when ex- 
cretion is induced by biotin limitation (Shiio et al. 1962) peni- 
cillin addition (Kinoshita and Tanaka 1973) and surfactants 
additions (this work) 

Biotin Penicillin Surfactants 
limitation addition addition 

(Ge/Gi)~,ax 340 800 2200 
(Ge/Gi)min 
Maximal concentration of 8.5 7 100 
glutamate excreted (g/l) 

As long as no surfactant was added, glutamate 
could be accumulated inside the cell by an active 
mechanism (Clement et al. 1984). The addition of 
surfactants induces a reversal of the polarity of 
transport leading to the excretion of glutamate 
into the medium. 

The hypothesis of impairment of the function 
of the cell wall by surfactant addition by Fukui 
and Ishida (1973) could be explained by an un- 
coupling of the uptake system. In this case the 
partition ratio of glutamate (intracellular/extra- 
cellular concentration) may be evaluated on the 
basis of a Nernst equilibrium between both sides 
of the membrane. 

It is likely that inside the cell, glutamate bears 
a net negative charge, a 30-fold concentration out- 
side could be reached for a transmembrane poten- 
tial difference of 87 mV (positive excretion); this 
value is compatible with the known potential dif- 
ferences measured in various bacteria (around 
100 mV) (Krulwich et al. 1981). 
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