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Abstract The production of L-tryptophan was investigated
in a recombinant strain Escherichia coli W3110-ZDrr. It
was observed that phosphate and feeding strategies are key
factors to ensure the good cell growth and high production
of L-tryptophan. The simple exponential feeding strategy
could only produce 10.6 g/L. L-tryptophan due to the improper
feeding rate; while the manual glucose-feedback feeding
approach could effectively control the substrate and inhibit
the formation of acetate, and thus improvemed the L-
tryptophan production to 25.5 g/L.. The modified exponential
feeding approach avoided overfeeding or underfeeding and
achieved high production of L-tryptophan. Moreover, the
addition of Tween 60 or PL61 could enhance the cell
growth and the production of L-tryptophan in the fed-batch
mode. Subsequent metabolic flux analysis showed that
more carbon flux was distributed into the biosynthesis of L-
tryptophan when Tween 60 or PL61 was supplied. The
present work presents one base for further large-scale
production of this important amino acid.
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Introduction

L-Tryptophan (L-trp) is an aromatic amino acid containing
the unique indole side chain. Eukaryotic organisms are not
able to synthesize this molecule and have to ingest it from
outside for physiological requirement. L-Trp also serves as
a fundamental precursor to a number of neurotransmitters
in the brain of animal and human, which makes it an
important substance for the regulation of appetite, sleep,
mood, and pain levels (1). Possessing these distinct traits,
L-trp was widely applied in the fields of pharmaceuticals,
food additives, and animal feeds.

However, the high cost of L-trp has become the
bottleneck for its extensive application and development,
especially in the animal feed industry. The increased
market requirements of L-trp have stimulated the increasing
demands to improve the production of L-trp and reduce its
cost. Presently, L-trp is mainly produced via enzymatic
synthesis and microbial fermentation. Comparing to the
chemical route which produces a mixture of the D- and L-
forms of tryptophan, the biological approach is more practical
and environmentally friendly by utilizing renewable resources
(e.g., glucose, biomass) to synthesis the pure active L-trp.
Many efforts have been made to improve the production of
L-trp, including the genetic improvement of producing
strains, medium formulation, and bioreactor operation
optimization, and etc. For example, various complex or
chemically defined media have been adopted to support
high L-trp productivity (2,3), and the microorganisms used
for the fermentative production of L-trp are usually genetically
modified, such as Escherichia coli (4), Corynebacterium
glutamicum (5), Bacillus sp. (6,7), and Brevibacterium
lactofermentum (8). In addition, the optimization of
fermentation process has suggested that glucose feeding
strategy is more efficient than batch operation to improve
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the productivity of L-trp (5,9). According to the reported
literatures, a relatively high productivity of L-trp in the
range of 14.7 to 36.3 g/L could be achieved by applying
glucose feeding strategy (4,10-12).

However, comparing to the microbial production of
other amino acids like lysine and glutamate, the yield and
productivity of L-trp are relatively low even after tremendous
efforts on molecular biological and bioprocess engineering
trials (13,14). The complex multiple regulations in the
biosynthetic pathway of L-trp may contribute to this
embarrassment. To achieve the cost-effective production of
L-trp, the pathway must be regulated to focus the metabolites
flux towards the biosynthesis of L-trp. Another challenge
for the overproduction of L-trp is the across-membrane
transportation and excretion of L-trp. In the past decades,
the fermentative production of aromatic amino acids has
been highly improved by the enhanced secretion with the
addition of surfactants (15), antibiotics, or local anesthetics
(16,17). The contribution of surfactant to the efflux of
aromatic amino acid could be ascribed to the alteration of
membrane fluidity and permeability (18) or affecting the
transport protein (19). Although some L-trp transport
systems like permeases have been found in E. coli (20), the
molecular basis of L-trp efflux remains unclear.

In this paper, a fed-batch production of L-trp using a
recombinant strain of E. coli has been investigated. A
glucose-controlled feeding strategy was adopted to eliminate
the formation of acetic acid. The effects of several
surfactants and antibiotics on the production of L-trp were
evaluated. Finally, the enhanced production of L-trp was
elucidated in detail by comparing the metabolic flux
analyses with and without the addition of surfactant.

Materials and Methods

Bacterial strain and culture media The recombinant E.
coli W3110-ZDrr was derived from E. coli K12 strain by
the deletion of a functional trp repressor and tryptophanase
and the introduction of a composite plasmid which contains
the whole trp operon of E. coli (21). The preculture
medium contained 30 g/L glucose, 8 g/L. yeast extract, 5 g/
L (NH4)QSO4, 5 g/L KH2P04, and 0.5 g/L MgSO47H20 at
pH 7.0. The seed medium contained 30 g/L. glucose, 5 g/L.
yeast extract, 2 g/l (NH,),SO,, 5 g/LL K,HPO,, an 0.5 g/LL
MgSO,-7H,0. The batch fermentation medium contained
75 g/LL glucose, 5 g/L yeast extract, 2 g/ (NH4),SOy, 5 g/
L K,HPO,-3H,0O, and 0.5 g/ MgSO,-7H,0. The fed-
batch fermentation medium was the same as the batch one,
except that initial glucose was 10 g/l and K,HPO,-3H,0
was 20 g/L. A 650 g/L glucose was supplemented accordingly
for the fed-batch process.
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Cultivation, batch, and fed-batch fermentation The
colony of E. coli W3110-ZDrr was inoculated into a 250-
mL Erlenmeyer shake flask containing 30 mL preculture
medium (contained 20 mg/L tetracycline and streptomycin),
and grew at 37°C and 200 rev/min until the ODggq n, reach
5-10.

For normal batch fermentation, 10%(v/v) of such culture
was transferred into a 750-mL shake flask containing 100
mL fermentation medium and grew at 35°C for 17 h. For
fed-batch fermentation, 10 mL of such culture was further
inoculated into a 10-L fermentor (30BS-2-3000; Shanghai
Baoxing Bio-engineering Equipment Corp., Shanghai,
China) containing 6 L seed medium (contained 20 mg/L
tetracycline and streptomycin). The pH of culture was
adjusted between 6.8 and 7.0 by automatic addition of 25%
NH,4OH. The dissolved oxygen of culture was maintained
above 20% via manual adjustment of stirring speed and air
flow rate. When seeds were grown to the middle of exponential
phase, 10%(v/v) inoculums were transferred into a 10-L
bioreactor with 5 L working volume. The temperature was
set at 35°C and pH was maintained at 6.5. The dissolved
oxygen level was maintained at 10-20% saturation.
Commercial silicon antifoam (Sigma-Aldrich, St. Louis,
MO, USA) was automatically added into the broth to
prevent the formation of foam. After the initial glucose was
consumed, the concentrated 650 g/L. glucose solution was
fed into the broth accordingly by the aid of LongerPump®
peristaltic pump (BT100-1F; Baoding Longer Precision
Pump Co., Ltd., Baoding, China).

Feeding strategies Three different feeding strategies
were tested during the fed-batch fermentation, to obtain the
high cell density and enhanced production of L-trp. When
the exponential feeding strategy was applied, the feeding
rate was changed according to the predetermined feeding
program described by the mass balance equations, to maintain
a constant specific growth rate (22). The appropriate
glucose feeding rate was depended on an assumed constant
yield coefficient and a desired specific growth rate, as
shown in Eq. 1 (23):

w V(1) X(1y)
XS

F()= exp(uL) (1)

in which, F is the feed flow rate (g/h), g is the desired
specific growth rate (1/h), V' is the culture volume (L), X is
the cell density (g/L), Yx/s is the cell yield versus the
concentration of glucose (g DCW/g glucose), and , is the
initial time when feeding is started. Since X(#))=(S—
S(y))Yyss, in which S; is the initial glucose concentration (g/
L) and S(ty) is close to zero, Eq. 1 can be reformed into Eq.
2 (23):
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F(Z) = /usSi V(tO)eXp(:usl) (2)

In glucose-feedback feeding approach, the feeding rate was
manually adjusted to control the concentration of glucose
within a certain low level with the assistance of a biosensor
for the timely determination of the titer of residual sugar.

To simplify the feeding process, a modified exponential
feeding approach was developed. The feeding rate was
determined by the following equation derived from Eq. 2:

F(1)=155pexp(u1) 3)

The multinomial S;}(%) in Eq. 2 was substituted by the
empirical constant 155, because feeding rate calculated by
the calculation of Eq. 2 would result in the underfeeding
and substrate starvation at the initial feeding stage, which
were measured by the off-line analysis of glucose.

Experimental analyses To determine the dry cell weight
(DCW), 50 mL fermentation broth was centrifuged at
5,000xg for 15 min, and the resulted cell pellets were
washed twice with 50 mL distilled water and dried at
105°C to a constant weight. Simultaneously, the optical
density (OD) of culture at 660 nm was measured, and the
conversion factor between DCW and ODyg .,y Was obtained.
Thus, the cell growth could be monitored by measuring the
OD660 nm-+

The residual glucose concentration in the broth was
measured by a biosensor analyzer (SBA-40C; Shangdong
Academy of Sciences, Jinan, China). The phosphate
concentration of culture was determined according to the
procedure described by Lau et al. (24).

The analyses of amino acids were performed by HPLC
(Agilent 1100; Agilent Technologies, Palo Alto, CA, USA)
equipped with a TC-C18 column with 5 pm in particle size
(4.6x250 mm, Agilent Technologies). After pre-column
derivatization with phenylisothiocyanate (Sigma-Aldrich),
amino acids were separated by the reversed phase column
and detected by the UV detector at 254 nm. Acetic acid
was analyzed by GC (Agilent 6820; Agilent Technologies)
equipped with a flame ionization detector and a capillary
column (Hp-Innowax, 30 mx0.32 mm i.d., 0.50 pum film
thicknes; Agilent Technologies).

Plasmid stability assay To test the stability of recombinant
strain, especially for the plasmid, samples were withdrawn
at the end of fermentation and appropriately diluted to
spread on nonselective LB-agar plates. After incubated at
37°C for 24 h, 200 colonies from each nonselective plate
were spotted onto selective LB-agar plates (supplemented
with 20 mg/L tetracycline and streptomycin). The number
of survived colonies was recorded to evaluate the stability
of plasmid in the strain.
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Metabolic flux analysis of L-trp biosynthesis The
metabolic network of L-trp production comprises glycolysis,
pentose phosphate pathway (PPP), the tricarboxylic acid
(TCA) cycle, biosynthesis of L-trp and other amino acids
(Fig. 1). Metabolic flux analyses were based on the pseudo
steady-state assumption and calculated by a set of linear
equations, which can be expressed in the matrix described
by Vallino and Stephanopoulos (25). The flux distribution
of generated bio-network was exhibited as the volumetric
rates of intracellular metabolite formation at the stationary
phase (no consideration of cell growth), which was computed
by Matlab (7.1 version, Mathworks Inc., Natick, MA,
USA). The flux of glucose uptake during the production of
L-trp was set to 100%, and other fluxes in the network
were given as the relative molar flux normalized to it.

Statistical analyses All the experiments were performed
independently in triplicate. The obtained values were the
means, where the standard deviations (SD) for all the
values were less than +10%.

Results and Discussion

Effect of phosphate During the fed-batch process, the
phosphate and glucose were consumed very quickly at the
initial stage (Fig. 2). Since phosphate is the key substance
in the glycolysis, it could directly influence the cell growth
and fermentation performance (24,26). As shown in Fig. 2,
the increase in initial phosphate concentration from 7.5 to
20 g/L could lead to 1.7-fold improvement of L-trp production
(from 15.8 to 26.8 g/L.). However, further increase in
phosphate higher than 25 g/L. presented the cell growth
inhibition and reduction of L-trp production (data not
shown). In this study, the initial phosphate concentration of
20 g/LL was sufficient for the fed-batch fermentation, since
there was a small quantity of phosphate remained in the
medium until fermentation end-point (Fig. 2B).

Evaluation of different feeding strategies After
consumption of the initial glucose, indicated by the
increasing dissolved oxygen, the feeding process was
started at that time. Four different specific growth rates
(0.1, 0.15, 0.2, and 0.25) were applied to evaluate the
fermentation performance, since the threshold growth rate
of E. coli for the formation of acetic acid is in the range of
0.14-0.17/h in the defined media (27). The listed results
suggested that the good fermentation performance could be
obtained when the desired specific growth rate was set at
0.15 or 0.20 (Table 1). However, the titer and average
productivity of L-trp were still relatively low when
compared with other reports (9,12).

o” KOSFOST



210 Luo et al.
Glucose
100/100/100 rli
( ) 1 (45/6.3/1.2) 120(10.6/13.9/14.4)
G6p— RuSP ——— > PRPP
9 (2.5/2.6/2.6)
95.5/93.7/92.8 r
¢ )"zi (8.5f10.2f9.9)l‘8T \
¥6P Xylsp— RibSP
r10(2.5/2.6/2.6)
9/83.5/82.
(86.9/83.5/82.9) 13 L pds Gap
2.5/2.6/2.6
GAP(11.1/12.8/12.5) r12(
E4P“ ™ Fep
(162.8/154.2/153.4) 14 2| e
(13.5/15.4/15.0) 2 > 53 (10.6/13.9/14.4)
PEP A e \r > Trp

/ lr5 (6.1/0.3/0.5)

- CL» Tyr

r24(0.8/0.5/0.3)

1.0/0.2/0.01
K1y28¢ \val

r19
(29.6/23.0/22.8)

125(1.1/0.4/0.04)
Pyr >0

¢r6 (114.1/113.5/114.7)

27 (0.13/0.11/0.03)
» Leu

ri8

13 (101.9/98.8/96.2)

AcCoA
\ r26 (3.7/0.4/0.4)
HAc
15 (61.3/67.1/74.2)

129 (8.0/1.7/3.1)

(—b Glu,,
16 (8.3/14.2/18.1)

Lys +——— OAA o-KG

(0.33/0.01/0.02)

rl4 (72.6/75.8/73.6)

r
» Glu »Arg

lrl?(l3.0!7.2."l.5}

Pro

Fig. 1. Metabolic pathways and flux distribution related to the biosynthesis of L-trp. Values from left to right were calculated
metabolic flux distribution in fermentation culture without surfactant, with the presence of Tween 60 and with the presence of PL61,

respectively.

In contrast, the glucose feedback feeding was operated
manually according to the concentration of glucose detected
each hour. As shown in Fig. 3A, the cell density (ODgg nm)
could reach nearly 70 at 24 h, and the titer and productivity
of L-trp were 25.5 g/LL and 0.487 g/L-h, respectively. The
concentration of glucose was maintained at a low level
(1 g/L) to eliminate the formation of acetate, which could
inhibit the cell growth and L-trp production. Although the
fermentation performance of this strategy was much better
than that of exponential feeding method, the operation was
kind of laborious.

When conducted by the modified exponential feeding
approach, the titer of L-trp was 24.9 g/l and the average
productivity was 0.586 g/L.-h (Fig. 3B), which were
comparable to those from the glucose feedback feeding
method but more applicable.

To achieve high production of the target metabolite L-
trp, several practical feeding strategies were evaluated in
our work. Although the exponential feeding method was
easily adopted for L-trp production, the lag response of this
method towards the fermentative changes may lead to the
improper feeding rate, and thus caused the low cell density
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and titer of L-trp. The improved biomass and production of
L-trp via the manual glucose-feedback feeding approach
have supported our above assumption. Zhang et al. (28)
had argued that the growth of microorganism was complex,
a slight variation of cell growing environment would lead
to a significant deviation of residual glucose concentration
when the feeding is conducted via the exponential feeding
mathematical model. So they have developed a pH feedback-
controlled feeding method to control the residual glucose
in the fermentation broth with an expected level and
obtained a good performance for lactic acid production.
Moreover, to avoid the overfeeding and/or underfeeding
during the fed-batch fermentation due to the varying actual
specific growth rate, Lee et al. (23) had also modified the
exponential feeding strategy to allow the correction of
feeding rate based on the actual specific growth rate. So a
modified exponential feeding strategy was developed. The
equation for the calculation of specific growth rate was
reformed, and the empirical constant was calculated base
on the data from glucose-feedback feeding experiments.
This feeding strategy presented better control of glucose
supply to achieve the optimal cell density and titer of L-trp,
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Fig. 2. Profiles of fed batch fermentation concerning about
biomass, consumption of glucose and phosphate, and
production of L-trp. Initial phosphate concentration was 7.5 g/L
(A) and 20 g/L (B). @ DCW, H glucose, 9 phosphate, and A L-
trp; line represents the feeding rate throughout the fed-batch
process.

Table 1. Effect of the nominal specific growth rate on cell
growth and L-trp production in the exponential feeding culture

Nominal Maximum . Average
specific growth DCW Tltezgc;ili-ﬁp productigvity
rate (1/h) (g/L) (g/Lh)
0.10 11.3 7.40 0.31
0.15 15.5 10.6 0.44
0.20 17.9 8.50 0.47
0.25 6.80 4.60 0.22

and should provide some useful information for large scale
production of L-trp.

Influence of surfactants and antibiotics on the
production of L-trp Surfactants and cell wall inhibitors
such as antibiotics have been widely applied for the
production improvement of various amino acids (16,29-
31). Thus several surfactants and antibiotics were selected
to investigate their effects on the accumulation of L-trp in
the batch culture, respectively. The antibiotics, including
neomycin, streptomycin, carbenicillin, kanamycin, penicillin,
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Fig. 3. Profiles of fed-batch culture with glucose-feedback
feeding strategy (A) and modified exponential feeding method

(B). ® DCW, H glucose, 9 phosphate, and A L-trp; line represents
the feeding rate throughout the fed-batch process.

Table 2. Effect of various surfactants on cell growth and L-trp
production in batch culture

Maximum L-T Averagt?
Surfactants DCW (g/L) ( g/Ilj)) pr(()g}chttﬁglty
Tween 80 7.55 5.36 0.32
PL61 4.19 2.43 0.15
PEG-10000 5.87 3.70 0.22
Triton X-114 8.31 5.15 0.31
Polyvinyl alcohol 4.87 3.49 0.21
Span 80 6.33 3.39 0.21
Control 4.10 2.67 0.16

and 2 cell wall inhibitors (SDS and CTAB), were
respectively tested to determine their critical inhibition
concentrations. Then each antibiotic was supplemented
into the medium to evaluate its contribution to the
production of L-trp. However, no obvious improvement
was observed among all tested antibiotics (data not shown).
In contrast, surfactants such as Tween 80 and Triton X-114
could enhance the production of L-trp up to 2-fold in batch
culture; while PL61 had no effect on the titer of L-trp
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Trp crystal sediments at the bottom (arrow shows) of an Eppendorf tube after centrifugation of culture broth; (D) photomicrograph of L-

trp crystals in the fermentation broth

(Table 2). Considering about large quantities of foam
formation caused by Triton surfactant, the Tween family
series (Tween 20, 40, 60, and 80) were evaluated, and
Tween 60 was the best candidate to support L-trp production
(data not shown).

Subsequently, Tween 60 and PL61 were further chosen
to investigate their effects on the fed-batch process. The
results indicated that supplementation of either Tween 60
or PL61 could improve the cell growth and the production
of L-trp (Fig. 4A,4B). The concentration of L-trp could
steadily increase to 32 g/L. with the addition of Tween 60,
while the addition of PL61 up to 0.5%(v/v) could even
result in the crystallization of L-trp with the highest titer of
35.5 g/LL (Fig. 4CA4D).

From the above results, Tween 60 gave a good performance
in both batch and fed batch modes; while PL61 presented
distinctively difference in each mode. Hence, the underlying
mechanism for enhanced production of L-trp via the
addition of varied surfactants was different. Kim et al. (29)
had reported that the addition of Tween 40 could trigger the
enhanced production of glutamate from 4 to 18 g/LL in C.
glutamicum. Konigek (15) also observed that the production
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of L-lysine was increased 23-25% by using Tween 80
(0.2%, w/v) in the regulatory mutant strains of C.
glutamicum. A recent viewpoint had suggested that the
conformation of specific transmembrane exporter was
altered when the cells was exposed to the surfactant such
as Tween 60, which in return triggered the improved efflux
of target product (32). So the positive effect of Tween 60
on the fermentation may ascribe to its assistance of L-trp
export, which reduces the negative feedback of product
and induced the better cell growth, resulting in the
improvement of L-trp production. Since PL61 could not
affect the fermentation in the batch mode, it should apply
a different mechanism to enable the improvement of L-trp
production in the fed-batch mode. Considering about the
higher productivity and observed crystallization of L-trp in
fed batch mode, we concluded that PL61 could significantly
reduce the solubility of L-trp at high concentration and lead
to the resulted crystallization of L-trp in broth. Thus, the
overall mechanism of surfactants supplementation was to
decrease the concentration of L-trp in cells, so the product-
feedback inhibition on cell growth and L-trp production
was reduced. But instead of facilitating the secretion of L-
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trp via addition of Tween 60, PL61 executed its function by
reducing the external concentration of L-trp.

Metabolic flux redistribution with the addition of
surfactants Based on the previously developed metabolic
flux analysis (25), a mass balance was applied to examine
the intracellular metabolic flux distribution during the
production of L-trp (Fig. 1). With the addition of Tween 60
or PL61, the metabolic fluxes were clearly redistributed
within the overall network. The distinct increase of flux
distribution towards the branch of L-trp biosynthesis should
directly boost the yield of L-trp. As shown in Fig. 1, the
metabolic flux was redistributed at the G6P principal node
with the presence of surfactants. Comparing to the control
value of 4.5% without surfactant, 6.3% (with the addition
of Tween 60) or 7.2% (with the addition of PL 61) of the
carbon flux was directed to the pentose phosphate pathway
(PPP). Finally, the resulted carbon flux distribution to the
L-trp biosynthesis was 13.9% (with the addition of Tween
60) or 14.4% (with the addition of PL 61), evidently higher
than the control value of 10.6% without surfactant. Moreover,
the addition of surfactants not only just affected the pathway
of L-trp, the biosynthetic pathways of other amino acids
were also influenced. Overall, the synthesis of glutamate
and arginine were boosted with the addition of surfactants;
while the production of lysine, proline, leucine, valine,
tyrosine, and phenylalanine were impaired.

To gain the clear insight about the metabolic network
related to the amino acids, 2 important PEP node and -
KG node were further analyzed. Setting the incoming
carbon flux of each principal node as 100%, the flux from
PEP node to the Cho-branch, which is the direct precursor
of L-trp, was improved from 44.3 to over 56% (56.9% for
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Tween 60 and 56.4% for PL61) in the presence of
surfactants (Fig. SA). Similarly, the flux from the o-KG
node to the Glu-branch was also enhanced with the
addition of surfactants (Fig. 5B).

Thus, the carbon fluxes to the possible precursors of L-
trp, either in the PPP pathway from G6P node to PRPP
node, or in the Cho-branch from PEP node to Cho node,
were both increased with the supplementation of surfactants.
In return the enhanced biosynthesis of precursors (PRPP
and Cho) could directly improve the production of L-trp. It
is reasonable to find that the biosynthesis of most amino
acids, such as lysine, proline, leucine, valine, tyrosine and
phenylalanine, were limited to centralize the carbon flux to
L-trp. But the accumulation of glutamate and arginine
derived from o-KG node was also increased. So an alternative
way to improve the production of L-trp could be proposed
here by limiting or even eliminating these competitive flux
distributions in the metabolic network.

Overall, our efforts for the improvement of L-trp production
have gained some preliminary results. With the development
of feeding strategy and supplementation of surfactants, the
titer of L-trp was significantly increased in the recombinant
E. coli strain. However, the feeding strategy could still be
upgraded to harmonize the fermentation process and may
further improve the productivity of L-trp; the product feedback
inhibition could be further minimized by concentration
change and various combinations of surfactants; the central
carbon metabolic flux could be more focused on the
biosynthesis of L-trp. The other issue is the plasmid
instability. Remarkable loss (40%) of plasmid from host
strain at the end of the fermentation was observed when
cells were cultivated without antibiotic selective pressure.
Subsequent research addressing these issues shall
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supplement the industrialization of L-trp production and
other amino acids.

Acknowledgments

This work was supported by National

Natural Science Foundation of China (Grant No. 21006088),
Zhejiang Provincial Natural Science Foundation of China
(Grant No. Y4100344), Program of the Key Laboratory of
Industrial Biotechnology, Ministry of Education, China
(Grant No. KLIB-KF201105), the Fundamental Research
Funds for the Central Universities (Grant No. JUSRP111A24).

References

11.

12.

13.

14.

15.

. Kocabas P, Calik P, Ozdamar TH. Fermentation characteristics of L-

tryptophan production by thermoacidophilic Bacillus acidocaldarius
in a defined medium. Enzyme. Microb. Tech. 39: 1077-1088 (2006)

. Ikeda M, Okamoto K, Katsumata R. Cloning of the transketolase

gene and the effect of its dosage on aromatic amino acid production
in Corynebacterium glutamicum. Appl. Microbiol. Biot. 51: 201-
206 (1999)

. Nam SW, Kim BK, Son KH, Kim JH. Continuous culture of a

recombinant Escherichia coli and plasmid maintenance for
tryptophan production. Biotechnol. Lett. 9: 489-494 (1987)

. Zhao ZJ, Chen S, Wu D, Wu J, Chen J. Effect of gene knockouts of

L-tryptophan uptake system on the production of L-tryptophan in
Escherichia coli. Process. Biochem. 47: 340-344 (2012)

. Ikeda M, Katsumata R. Transport of aromatic amino acids and its

influence on overproduction of the amino acids in Corynebacterium
glutamicum. J. Ferment. Bioeng. 78: 420-425 (1994)

. Yajima Y, Sakimoto K, Takahashi K, Miyao K, Kudome Y, Aichi K.

L-Tryptophan-producing microorganism and production of L-
tryptophan. Japan Patent 02,190,182 (1990)

. Ikeda M. Towards bacterial strains overproducing L-tryptophan and

other aromatics by metabolic engineering. Appl. Microbiol. Biot.
69: 615-626 (2006)

. Matsui K, Ishida M, Tsuchiya M, Sano K. Construction of

tryptophan-producing recombinant strains of Brevibacterium
lactofermentum using the engineered trp operons. Agr. Biol. Chem.
Tokyo 52: 1863-1865 (1988)

. Cheng LK, Wang J, Xu QY, Xie XX, Zhang YJ, Zhao CG, Chen N.

Effect of feeding strategy on L-tryptophan production by recombinant
Escherichia coli. Ann. Microbiol. 62: 1625-1634 (2012)

. Kawasaki K, Yokota A, Tomita F. L-Tryptophan production by a

pyruvic acid-producing Escherichia coli strain carrying the
Enterobacter aerogenes tryptophanase gene. J. Ferment. Bioeng. 82:
604-606 (1996)

Zhao ZJ, Zou C, Zhu YX, Dai J, Chen S, Wu D, Wu J, Chen J.
Development of L-tryptophan production strains by defined genetic
modification in Escherichia coli. J. Ind. Microbiol. Biot. 38: 1921-
1929 (2011)

Liu Q, Cheng Y, Xie X, Xu Q, Chen N. Modification of tryptophan
transport system and its impact on production of L-tryptophan in
Escherichia coli. Bioresource Technol. 114: 549-554 (2012)

Jetten M, Sinskey A. Recent advances in the physiology and
genetics of amino acid-producing bacteria. Crit. Rev. Biotechnol.
15: 73-103 (1995)

Kréamer R. Genetic and physiological approaches for the production
of amino acids. J. Biotechnol. 45: 1-21 (1996)

Koniéek J, Smékal F, Koniékova-Radochova M. Effect of Tween

@ Springer

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

80 and dimethyl sulfoxide on biosynthesis of L-lysine in regulatory
mutants of Corynebacterium glutamicum. Folia Microbiol. 36: 587-
589 (1991)

Radmacher E, Stansen K, Besra G, Alderwick L, Maughan W,
Hollweg G, Sahm H, Wendisch V, Eggeling L. Ethambutol, a cell
wall inhibitor of Mycobacterium tuberculosis, elicits L-glutamate
efflux of Corynebacterium glutamicum. Microbiology 151: 1359-
1368 (2005)

. Ekwealor 1A, Obeta JAN. Antibiotic and surfactant effects on lysine

accumulation by Bacillus megaterium. Afr. J. Biotechnol. 7: 1550-
1553 (2008)

Nampoothiri KM, Hoischen C, Bathe B, Mockel B, Pfefferle W,
Krumbach K, Sahm H, Eggeling L. Expression of genes of lipid
synthesis and altered lipid composition modulates L-glutamate
efflux of Corynebacterium glutamicum. Appl. Microbiol. Biot. 58:
89-96 (2002)

Duperray F, Jezequel D, Ghazi A, Letellier L, Shechter E. Excretion
of glutamate from Corynebacterium glutamicum triggered by amine
surfactants. BBA-Biomembranes 1103: 250-258 (1992)

Yanofsky C, Horn V, Gollnick P. Physiological studies of tryptophan
transport and tryptophanase operon induction in Escherichia coli. J.
Bacteriol. 173: 6009-6017 (1991)

Luo W. High efficient production of purine nucleoside phosphorylase
and L-tryptophan with recombinant Escherichia coli. PhD thesis,
Zhejiang University, Hangzhou, China (2011)

Korz D, Rinas U, Hellmuth K, Sanders E, Deckwer W. Simple fed-
batch technique for high cell density cultivation of Escherichia coli.
J. Biotechnol. 39: 59-65 (1995)

Lee J, Lee SY, Park S. Fed-batch culture of Escherichia coli W by
exponential feeding of sucrose as a carbon source. Biotechnol. Tech.
11: 59-62 (1997)

Lau J, Tran C, Licari P, Galazzo J. Development of a high cell-
density fed-batch bioprocess for the heterologous production of 6-
deoxyerythronolide B in Escherichia coli. J. Biotechnol. 110: 95-
103 (2004)

Vallino JJ, Stephanopoulos G. Metabolic flux distributions in
Corynebacterium glutamicum during growth and lysine overproduction.
Biotechnol. Bioeng. 41: 633-646 (1993)

Kelle R, Hermann T, Weuster-Botz D, Eggeling L, Krdmer R,
Wandrey C. Glucose-controlled L-isoleucine fed-batch production
with recombinant strains of Corynebacterium glutamicum. J.
Biotechnol. 50: 123-136 (1996)

Eiteman MA, Altman E. Overcoming acetate in Escherichia coli
recombinant protein fermentations. Trends Biotechnol. 24: 530-536
(2006)

Zhang Y, Cong W, Shi SY. Application of a pH feedback-controlled
substrate feeding method in lactic acid production. Appl. Biochem.
Biotech. 162: 2149-2156 (2010)

Kim J, Hirasawa T, Sato Y, Nagahisa K, Furusawa C, Shimizu H.
Effect of odhA overexpression and odhA antisense RNA expression
on Tween-40-triggered glutamate production by Corynebacterium
glutamicum. Appl. Microbiol. Biot. 81: 1097-1106 (2009)

Asakura Y, Kimura E, Usuda Y, Kawahara Y, Matsui K, Osumi T,
Nakamatsu T. Altered metabolic flux due to deletion of odhA causes
L-glutamate overproduction in Corynebacterium glutamicum. Appl.
Environ. Microb. 73: 1308-1319 (2007)

Eggeling L, Sahm H. The cell wall barrier of Corynebacterium
glutamicum and amino acid efflux. J. Biosci. Bioeng. 92: 201-213
(2001)

Nakamura J, Hirano S, Ito H, Wachi M. Mutations of the
Corynebacterium  glutamicum NCgl1221 gene, encoding a
mechanosensitive channel homolog, induce L-glutamic acid
production. Appl. Environ. Microb. 73: 4491-4498 (2007)

o KoSFosT




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


