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Abstract Phytase is widespread in nature. It has been used
as a cereal feed additive that can enhance the phosphorus
and mineral absorption in monogastric animals to reduce
the level of phosphorus output in manure. Phytase of
Peniophora lycii is a 6'-phytase, which owns high specific
activity. To achieve a high expression level of 6'-phytase in
Pichia pastoris, the 1,230-bp phytase gene of P. [ycii was
synthesized and optimized for codon usage, G+C content,
as well as mRNA secondary structures. The gene
constructs containing wild type or modified phytase gene
coding sequences under the control of the highly-inducible
alcohol oxidase gene (AOX1) promoter, the synthetic
signal peptide (designated MF4I), which is a codon-
modified Saccharomyces cerevisiae mating factor «-
prepro-leader sequence, were used to transform P. pastoris.
The P. pastoris strain that expressed the modified phytase
gene (phy-pl-sh) with MF4I sequence produced 12.2 g
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phytase per liter of fluid culture, with the phytase activity
of 10,540 U mI™". The yield of the modified phytase gene,
with bias codon usage and MF4I signal, is 4.4 times higher
than that of the wild type gene with MF4I signal and 13.6
times higher than that of the wild type gene with wild type
S. cerevisiae signal. The recombinant phytase had one
optimum pH (pH 4.5) and an optimum temperature of
50°C. The P. pastoris strain expressed the modified 6-
phytase gene, with the MF4I signal peptide showing great
potential as a commercial phytase production system.

Introduction

Salts of phytic acid are called phytates (myo-inositol
hexakisphosphate or myo-inositol 1,2,3,4,5,6-hexakis di-
hydrogen phosphate) (Reddy et al. 1982; Haefner et al.
2005). In many plant feeds, phosphorus digestibility is
exceptionally low because a high proportion is in the form
of a compound phytate (Stahl et al. 2000). Phytate is the
major form of phosphorus storage in the cereal grains and
legumes that are used in commercial animal feeds.
Furthermore, phytate acts as an antinutrient by chelating
cations, and it prevents the absorption of mineral, therefore
reducing their availability (Graf 1983; Lei et al. 1993;
Hurrell 2004). Furthermore, monogastric animals are
incapable of utilizing the phosphorus bound in phytate
due to low levels of phytase activity in the digestive organ
(Jendza et al. 2005). Inorganic phosphorous, supplemented
into animal feed, can solve this nutritional problem, but
excess phosphorus excreted in animal manure poses a
serious environmental problem (Lei and Stahl 2001).
Adding phytases to the feed of monogastric animals not
only enhances the phosphorus and mineral absorption, but
it also reduces the level of phosphorus output in the manure
(Ullah and Phillippy 1994). Phytase is a widespread
enzyme existing in nature including fungi (Wodzinski
and Ullah 1996; Wyss et al. 1999a,b), bacteria (Rodriguez
et al. 1999; Cho et al. 2005), and many plant seeds
(Mitchell et al. 1997). Phytases mainly belong to the family
of histidine acid phosphatases (Mitchell et al. 1997; Ullah
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and Gibson 1987). Most of the known phytase are either 3-
or 6-phytase (EC 3.1.3.8 or EC 3.1.3.26, respectively),
depending on the position of the phosphomonoester group
on the phytate molecule from where hydrolysis is initiated
(Lassen et al. 2001). The use of microbial phytase as
dietary supplement in the poultry and swine industry has
been established.

A number of phytase genes have been isolated and
characterized from plants (Reddy et al. 1982; Mullaney and
Ullah 1998), bacteria (Rodriguez et al. 1999; Greiner et al.
1993) and fungi (Wodzinski and Ullah 1996; Wyss et al.
1999a,b; Pasamontes et al. 1997a,b; Wyss et al. 1998).
During the last decades, many researches have been carried
out on the modification and expression of those phytase
genes in different host organisms, such as yeasts and plants
(Lei and Porres 2003; Vohra and Satyanarayana 2003; Lee
et al. 2005). Phytase gene from Peniophora lycii has been
cloned by Lassen et al. (2001). The phytase owned high
specific enzyme activity (1080 U/mg) and high heat
stability (Residual activity was 62% after preincubation
of the phytase for 60 min at 80°C). The P. [ycii phytase has
high specific activity, with a high affinity for phytic acid;
however, the low expression level of the phytase in P. [ycii
suggests that the organism is not most suitable as a phytase
supplement in animal feed.

Pichia pastoris is a methylotrophic yeast, which can
utilize methanol as sole carbon source. P. pastoris can grow
in simple defined media and can reach very high cell
density and can accumulate extremely high concentration
of intracellular protein under the control of a methanol-
regulated alcohol oxidase (AOX1) promoter (Gellissen
2000; Waterham et al. 1997). We have expressed a
recombinant thermostable phytase and two recombinant
acidic phytases in P. pastoris and obtained the yield of 5.6,
42, and 6.1 g 1" (Peng et al. 2002; Xiong et al. 2004a,
2005).

In this report, our objective was to achieve a high level
expression of P. lycii phytase in P. pastoris, so it can be
applied for large-scale production. We synthesized the
phytase gene of P. /ycii and the mating factor (x-factor)
prepro-leader of Saccharomyces cerevisiae. To maximize
the overexpression of phytase, the synthesized gene and
signal sequence was optimized according to codon
preference of P. pastoris (Sharp et al. 1986; Zhao et al.
2000). Optimized fragments were then assembled into a
secreting expression vector of P. pastoris (Sreekrishna et al.
1997). We have successfully produced the phytase of
P lycii with very high yield using this heterologous
expression system. To our knowledge, this research shows
the highest reported expression level of the 6'-phytase in
P. pastoris.

Materials and methods
Chemicals, enzymes, plasmids, and yeast strains

Phytic acid, sodium phytate, and G418 were purchased
from Sigma Chemical (St Louis, MO, USA). pfu Tag DNA

polymerase, T4 DNA ligase, and restriction endonucleases
were purchased from Promega (Madison, WI, USA). DNA
sequencing kit was purchased from Applied Biosystems
(Foster City, CA, USA). Protein markers were purchased
from Watson Biotech (Shanghai, China). QLAquick gel
extraction kit was purchased from Qiagen (Stanford, CA,
USA). Endoglycosidase H (Endo Hy) was purchased from
New England Biolabs (Beverly, MA, USA). P. pastoris
strain GS115 (his4) and vector pPIC9K were purchased
from Invitrogen (San Diego, CA, USA). Oligonucleotides
were purchased from Shanghai Sangon Biological En-
gineering Technology and Service (Shanghai, People’s
Republic of China). Plasmid pPIC9K (GenBank accession
no. Z46234), containing the promoter and terminator of the
methanol-inducible P. pastoris AOX1 gene, the x-mating
factor prepro-secretion signal from S. cerevisiae, G418
resistance, and the HIS4 auxotrophic selection marker for
transforming P. pastoris GS115 (his4), was used as a vector
for expression of the phytase genes in P. pastoris.

Synthesis of the recombinant and wild-type phytase
genes of P. lycii

To obtain a high level of expression, we designed and
synthesized a recombinant gene, designated as phy-pl-sh,
coding to phytase based on the original DNA sequence of
the wild-type gene (GenBank accession no. AJ310696)
from P. lycii using optimized genetic codons bias of yeast
P. pastoris (Sharp et al. 1986; Zhao et al. 2000). Twenty
oligonucleotide primers were synthesized (Supplement
Table 1) and were joined together in a single polymerase
chain reaction (PCR) step to synthesize this recombinant
gene by using 1.5 pM of each inner primer (sh2—sh17) and
30 uM of each outer primer (shl and sh18) (Fig. 1a). The
joined product was further amplified by a successive PCR
method (Xiong et al. 2004b; Peng et al. 2003). The PCR
conditions were as follows: 94°C for 30 s, 65°C for 40 s,
and 72°C for 1.5 min for first five cycles, and then 94°C for
30 s, 70°C for 40 s, and 72°C for 1.5 min for 25 cycles. For
comparison purposes, we also synthesized the wild-type
phytase gene, phy-pl-wt, in a different fashion: 20 oligo-
nucleotide primers (Supplement Table 2) were used in a
simple, high-fidelity, and cost-effective PTDS method
(Xiong et al. 2004b). In brief, two subsequent PCRs were
conducted, and each reaction contained 1.5 uM of each
inner oligonucleotide and 30 uM of each outer oligonu-
cleotide. Conditions of the first PCR were: 25 cycles of
90°C for 30 s, 60°C for 45 s, 72°C for 50 s, with 2.5 U
pyrobest Taq polymerase. To obtain the full-length phy-pl-
wt gene, two approximate 600 bp products from the first
PCR were mixed and used as the templates for the second
PCR reaction, with the two outermost oligonucleotides as
primers (wtl and wt30) (Fig. 1b). The conditions of the
second PCR were: one cycle at 94°C for 1 min, and then
25 cycles of 94°C for 30 s, 58°C for 35 S, and 72°C for
1.5 m. The sequences of the synthetic genes were
confirmed by DNA sequencing. Errors in the synthetic
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Fig. 1 a The strategy for the synthesis and assembly of the phy-pl-
sh gene using successive PCR. Oligonucleotides of ~90 bp were
assembled by single-step PCR using 1.5 uM of inner primers and
30 uM of external primers, which contained suitable restriction
cleavage sites for cloning. b The strategy for the synthesis of the
phy-pl-wt gene using the PTDS method. Oligonucleotides of ~60 bp
were assembled using two-step PCR with 1.5 uM of inner primers
and 30 uM of external primers, which contained suitable restriction
cleavage sites for cloning

genes were corrected by overlap extension PCR method
(Xiong et al. 2004b; Stemmer et al. 1995).

Construction of expression plasmids and recombinant
DNA techniques

Standard DNA manipulation methods (Sambrook et al.
1989) were used in plasmid construction, Escherichia coli
transformation, and Western blotting. To enhance the
expression, a 357-bp of the x-factor prepro-leader MF4I1
(GenBank accession no. AY145833) was synthesized
using P. pastoris-preferred codon usage (Xiong et al.
2003). The modified signal sequence, MF41, was inserted
into the P. pastoris expression vector pPICIK between the
unique HindlIll and Xhol sites, after the wild-type «-signal
sequence was excised. The 1,230-bp phy-pl-wt and phy-pl-
sh genes were inserted between the Xhol and Notl sites,
producing the constructs pPLMwt and pPLMsh, respec-
tively. The phy-pl-wt gene was inserted between the Xhol
and Notl sites of pPIC9K, producing the construct pPLWwt

(Fig. 2).

Transformation of P. pastoris and selection
of recombinant clones

Transformation of the P. pastoris strain GS115 (his4) was
achieved using the electroporation method (Xiong et al.
2004a, 2005). Approximately 500 transformants were
recovered and replica-plated onto MD medium and MD
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Fig. 2 Phytase gene constructs, pPLWwt, pPLMwt, and pPLMsh.
The basic expression vector was pPICIK. The phy-pl-wt or phy-pl-
sh gene was cloned into the Xhol and Notl sites. The wild-type
signal or MF4I signal sequence was cloned into the HindIIl and
Xhol sites

medium containing 0.5 g 1! G418. To obtain the
transformants containing a single copy of phytase expres-
sion unit, ten transformants were further selected from
those ectypal transformants that grew normally on the MD
medium but showed little or no growth on the MD medium
containing 0.5 g 1" G418. The clone screening was
performed as described by Xiong (Xiong et al. 2004a,
2005).

High cell density fermentation of P. pastoris

From ten pPLMsh transformants that exhibited the enzy-
matic activities, three samples with high phytase yield and
activity were selected for further fermentation and
characterization. Similarly, three pPLMwt and pPLWwt
transformants, respectively, showing high enzymatic ac-
tivity, were selected for comparison. Those P. pastoris
fermentations follow a well-established protocol described
by Xiong (Xiong et al. 2004a, 2005), with some
modifications as follows. The culture was then used to
inoculate a 5-1 fermentor (B.Braun, Melsungen AG,
Melsungen, Germany). To favor optimal cell growth,
temperature was controlled at 30°C (using tap water as the
coolant), pH was controlled at 5.5 (using ammonium
hydroxide, 30% solution), and oxygen was controlled at
30% (using 300—1,000 rpm agitation, 5—10 1/m airflow and
combining with pure oxygen), responding automatically to
oxygen demand. After exhaustion of the initial glycerol in
approximate 20 h, as judged from the drop in O,
consumption, 50% (v/v) glycerol containing 12 ml of
PTM1 (Clare et al. 1991) solution per liter and 3 mg of
biotin per liter was used as feed. The shift rate was started
at approximate 10 ml h—" of culture, in prophase 20 h, the
feed rate was accelerated from 10 up to 50 ml h—"', and then
the feed was kept at 50 ml h—' continuously. This phase
was continued for 20 to 60 h. After all the glycerol was
consumed, a brief starvation phase was given. The feeding
was switched to 100% methanol solution with 12 ml "' of
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PTMI1 for additional 80 h to induce phytase expression.
The complete fermentation took approximately 140 h.

Protein analysis and enzyme activity assays

One phytase unit was defined as the activity that releases
1 imol of inorganic phosphorus from sodium phytate per
minute at 37°C (Engelen et al. 1994). The phytases
produced from transgenic P. pastoris strains were purified
according to Lassen’s procedure (Lassen et al. 2001). The
optimum pH, optimum temperature, and thermostabilities
of the expressed phytases were determined according to
Xiong’s procedure (Xiong et al. 2004a, 2005). All assays
were repeated three times.

Total solvable proteins from culture supernatants of the
fermentation were run on 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) gels on
the Mini-protein electrophoresis system (Bio-Rad, Her-
cules, CA, USA). The proteins were stained with Coo-
massie brilliant blue R-250 and destained for 12 h in 30%
methanol and 10% acetic acid. Western blot analysis was
performed using a rabbit polyclonal immunoglobulin G
against phytase as the primary antibody (diluted 1:5,000
before application). A goat anti-rabbit immunoglobulin G
conjugated with horseradish peroxidase (Bio-Rad Labora-
tories) was used as the secondary antibody for the final
colorimetric detection (Sambrook et al. 1989).

Due to heavy glycosylation, the expressed phytases were
found to have variable molecular sizes of 64, 67, 87, 110,
and 120 kDa. Endo Hy was used to deglycosylate the
expressed phytases (Han and Lei 1999). The reaction was
carried out by incubating fermented samples with 0.3 U of
Endo Hy for 4 h at 37°C according to the manufacturer’s
instruction (New England Biolabs, Beverly, MA, USA).

Genetic stability of phytase expression

To determine the inheritance and stability of the clones
expressing various levels of phytase in the progenies, ten
clones of the strain containing pPLMsh were grown on rich
(YPD) and SD selective medium for 10 cycles (After the
first culture reached the stationary phase of growth on YPD
or SD medium, 0.1 ml aliquot of the final culture was
inoculated into 100 ml new YPD or SD medium for the
next cycle of growth. All 10 cycles were cultured in the
similar way). Phytase enzyme activities and gene expres-
sion levels were determined in the strain after ten
generations of culture.

Results

Synthesis of phy-pl-sh (successive method)
and phy-pl-wt genes (PTDS method)

All codons in phy-pl-sh were designed to be preferential for
methylotrophic yeast P. pastoris (Supplement Fig. 1).

Eighteen of 90 nt oligonucleotides were used (Supplement
Table 1) to synthesize the recombinant gene by a single-
step successive PCR procedure. These errors were
corrected using overlap extension PCR method. The
wild-type phytase gene (phy-pl-wt, GenBank accession
no. AJ310696) was also synthesized and used for compar-
ison. Thirty of 60 nt oligonucleotides were used for its
synthesis with the PTDS method (Supplement Table 2).
The errors were corrected using overlap extension PCR
method (Xiong et al. 2004b; Stemmer et al. 1995).

The synthesized 1,230-bp recombinant phytase gene,
phy-pl-sh, was submitted to GenBank (accession no.
AY137198), and BLAST search showed it was 74.96%
identical to the wild type phytase gene phy-pl-wt (GenBank
accession no. AJ310696). To improve the efficiency of
gene transcription and RNA stability, the G+C content of
the synthesized phytase gene was decreased to around
50%, from 59.27 to 49.59%, and all hairpin structures and
motifs containing consecutive ATs were eliminated by
using degenerate codons (Supplement Fig. 1).

High level expression of the synthetic gene coding
for phytase of P. lycii in P. pastoris

Approximately 500 transformants of P. pastoris containing
the constructs pPLMsh, pPLMwt, and pPLWwt, respec-
tively, which grew normally on the MD medium but
showed little or no growth on the MM medium, were
recovered onto MD medium and MD medium plates that
contained G418 (0.5 g 1I""). With this method, only the
transformants containing a single copy of the phytase gene
could not grow normally on the MD medium containing
0.5 g 17" G418 (Xiong et al. 2003; Scorer et al. 1994). Ten
transformants were selected from each constructs for
further analysis. Small-scale cultures of those three groups
of transformants of P. pastoris were screened for their
ability to secrete phytase of P. [ycii. Phytase was detected
by SDS-PAGE, and the enzyme activity was measured.
According to results of the enzyme activity assay and level
of expression, there were no significant differences among
those ten transformants.

Three colonies transformed with pPLMsh exhibiting the
high phytase activity among the colonies were separately
selected for fermentation. Because our aim was to produce
phytase of P. lycii at industrial scale, fermentation was
performed in a three-step process including an initial batch
phase in 5% glucose as the sole carbon source. After 20 h
of batch culture when ODgqo reached 48 nm, 50% (v/v)
glycerol containing 12 ml of PTM solution per liter and
3 mg of biotin per liter was used as feed. The glycerol fed-
batch process was initiated. After the 40-h growing phase,
the ODgoo reached 385 nm, a half-hour carbon-source
starvation period was given. The production phase (meth-
anol feeding) was started after 60 h of cell growth. The
production feed medium consisted of methanol and PTM1.
As shown in Fig. 3c, after 80 h of methanol induction
(140 h total culture time), the fermentation culture achieved
a final ODgoo nm=392. This culture yielded 12.2 g !



phytase with an activity of 10,540 U ml-". The clones with
constructs pPLMwt and pPLWwt were fermented using the
same methods and reagents, respectively. After 80 h of
methanol induction (140 h total culture time), as shown in
Fig. 3a,b, the fermentation culture achieved final ODg(, of
387 and 392 nm, respectively, yielding 2.8 and 0.9 g 1"
phytase and with activities of 2, 650 and 905 U ml ',
respectively. The final culture concentrations (reading at
ODgq0), phytase yields, and enzymatic activities are shown
in Table 1.
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Fig. 3 Fermentation process of a pPLWwt, b pPLMwt, and ¢ pPLMsh.
ODgoo(filled squares, red); phytase expression level (filled triangles,
green); activity of phytase (x marks, blue). Left Y-axis, ODgo; right Y-
axis, Uml ™" and gx100 "'
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Quantities, activities and properties of phytases of P,
lycii produced from P. pastorisstrains that contained
phy-pl-sh or phy-pl-wt genes

The three strains grew very similar with readings at ODg
about 390 nm. The use of the modified signal peptide
sequence, MF4I, resulted in a big increase (3.1 times) in
phytase yield compared to the one with wild-type signal
peptide. However, the use of the modified coding sequence
of the phytase gene led to 4.4 times of phytase yield
compared to the wild-type gene. The use of the combination
of'the modified coding sequence and modified signal peptide
sequence led to the highest yield of phytase, 12.2 g ',
which was 13.6 times of the wild-type gene with the wild-
type signal peptide. The phytase activity from pPLMsh was
11.6 times and 4.0 times higher than those from pPLWwt and
pPLMwt, respectively (Table 1).

The activity of the phytases from the colonies that
contained pPLWwt, pPLMwt, and pPLMsh were deter-
mined at different pH levels, temperatures, and durations,
as described in “Materials and methods.” One single
phytase activity peak was found at pH 4.5. The activity at
pH 3.0 was 32% lower than that at pH 4.5, and the activity
at pH 7.0 was 23% lower than that at pH 4.5 (Fig. 4a). The
optimal temperature for phytase activity tested at pH4.5
was 50°C (Fig. 4b). The thermostability of the expressed
phytase was tested, and the result revealed that the enzyme
retained 25% activity when heated at 80°C for 10 min, but
that activity decreased significantly after heat treatment for
15 min or more (Fig. 4c).

In this study, the phytase of P. /ycii with high expression
in P. pastoris exhibited some different properties from the
phytase expressed in Aspergillus oryzae (Lassen et al.
2001; Ullah and Sethumadhavan 2003). Those activities
are shown in Table 2.

Because of heavy glycosylation, the expressed phytase
of P. lycii had molecular sizes ranged from ~70 to
~110 kDa measured by SDS-PAGE (Fig. 5a). However,
after deglycosylation with Endo Hy, the phytase had an
apparent molecular size of ~60 kDa (Fig. 5¢). Western blot
using rabbit polyclonal immunoglobulin G against the
purified phytase further demonstrated that phytase was
primarily the protein isolated from fermentation fluid
(Fig. 5b).

Genetic stability of phytase expression

After ten successive generations of culture, the strains that
expressed the modified version of the P. lycii phytase
showed 97 and 96.5% of the phytase yield and activity,
respectively, in comparison with the original colony (data
not shown). There was no significant difference in yield
and activity for the phytases produced from the strains
growing in the rich (YPD) medium and the SD selective
medium (data not shown). These results indicated that the
strains reengineered with pPLMsh were stably inherited.
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Table 1 The comparison of the expression level among three constructs

Construct Signal Codon
sequence usage

Reading at

Phytase Yield Increase of yield” Phytase activity Increase of

pPLWwt Wild type

pPLMwt MF41 Optimized
pPLMsh MF4l1 Optimized

(g1 (fold) U ml” activity® (fold)
0.9 Base 905 Base
2.8 3.1 2,650 2.9
12.2 13.6 10,540 11.6

The numbers are average of three samples

?0ODgqo reading was measured at the end of 140-h culture period
Increase in yield of phytase was calculated by using the phytase yield of the pPLWwt as the base
“Increase in enzymatic activity of phytase was calculated by using the phytase activity of the pPLWwt as the base

Fig. 4 The activity of expressed
phytase of P. lycii produced
from strain that expressed the
phy-pl-sh gene with the MF41
sequence at different pH, tem-
peratures and different times.

a pH dependence of enzyme
activity. b Temperature depen-
dence of enzyme activity. ¢ Heat
stability of enzyme activity at
80°C
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Table 2 Characterizations among those P. Ilycii phytases from
different researches of optimal temperature, optimal pH, and thermal
stability

Host Optimal Optimal Thermal Reference
source pH temperature stability
(°C)
A. 5.0 58 70°C for Ullah and
oryzae 10 min, Sethumadhavan
retained 40% 2003
A. 4.0-  50-55 80°C for Lassen et al.
oryzae 4.5 60 min, 2001
retained 62%
P 4.5 50 80°C for This research
pastoris 10 min, re-
tained 25%
Discussion

In the former study, we have demonstrated that the use of
P pastoris preferred codons in some different kind of
phytase gene and the signal peptide sequences could
increase production and activity of phytase in P. pastoris

A B

kDa 1 2 3
116

97

116

97

66

45

"

C
1 23 4 5 67 8
el

kDa

. 97

- ...- 66

w45
e 36

Fig. 5 Analysis of the expressed wild type and modified phytases
of P. Iycii in P. pastoris. a Expressed phytase ranging from ~70 to
120 kDa in size due to glycosylation. Lane I Protein marker, Lane 2
phytase expressed by the phy-pl-wt gene with MF4I signal in
P. pastoris, Lane 3 phytase expressed by the phy-pl-sh gene with
MF4I signal in P. pastoris. b Western blot analysis of the phytase
protein expressed in P pastoris. Lane 1 Protein marker, Lane 2
phytase expressed in a strain that was transformed with the phy-pl-
wt gene, Lane 3 phytase expressed in a strain that was transformed
with the phy-pl-sh gene. ¢ Expressed phytase after deglycosylation
by Endo Hy. Lane M Protein marker, Lane 1-7 phytase expression
after methanol induction of 10, 20, 40, 60, 80, 100, and 140 h

1045

(Peng et al. 2002; Xiong et al. 2003—2005). In this report,
we obtained a high expression 6'-phytase of P. [ycii in P.
pastoris. The phytase yield was achieved as high as 12.2 g 1
~!, which was 4.4 times higher than the yield of wild-type
phytase gene and 13.6 times higher than the yield of wild-
type phytase gene with wild-type signal peptide that was
expressed in P, pastoris. To our knowledge, the high level
expression of phytase in P. pastoris is first reported here.

It was reported that Natuphos from BASF Corporation is
1.71 times more bioefficacious than phytase from P. [ycii.
On average, 1.59 times more phytase of P lycii than
Natuphos is required to reach the same effect (information
found from http://www.basf.com). However, due to the
high specific activity of phytase of P. [ycii, the 6'-phytase
has a greater commercial value. Moreover, the phytase of
P Iycii has been reported to be more heat stable and
effective under the conditions of the gastrointestinal tract of
the monogastric animal. We have produced several
recombinant phytases, such as a recombinant acid phytase,
an Aspergillus niger 113 phytase, a high thermostable
phytase, in P. pastoris. In this report, we also produced the
new 6'-phytase, which exhibited some different properties,
for example 6’ cleavage site, high specific activity, high
thermostability, and can be acquired from different sources.
It is believed that the application of an effective blend of
enzymes should further improve phytate utilization
efficiency by some animals. Multienzyme preparations
could increase the applicable bound and could be used
effectively to reduce nitrogen and phosphorus excreted by
animals, while maintaining an enhanced productivity.

We chose the methylotrophic yeast P. pastoris as the
heterologous host to express P. [ycii phytase, as it has been
previously used to express a wide variety of proteins
(Cregg et al. 1993). There ware many reasons for obtaining
12.2 g I'! phytase per liter in this study. We believed that
the use of P. pastoris system was the primary reason. The
use of methanol inducible promoter, AOX1, also played a
critical role for the high-level expression. Another
important reason for the high-level expression was the
redesign of the phytase gene with yeast-favored genetic
codons. Our previous research indicated that gene modi-
fication could increase by several times the expression of
different phytase in P. pastoris (Peng et al. 2002; Xiong et
al. 2004a, 2005). Thirdly, the replacement of the native
signal peptide of S. cerevisiae a-factor use of a synthetic
MF4I signal peptide (Genbank no. AY145833) for secre-
tion of the recombinant phytase also made a contribution
for such a high-level expression. This signal peptide has
been used for the secretion of numerous heterologous
proteins in both S. cerevisiae and P. pastoris (Kjeldsen et
al. 1999; Xiong et al. 2004a). To optimize the translation
efficiency of heterologous proteins, a ten-residue spacer
peptide (EEAEA EAEPK) was inserted between the
prepro-leader and the endoprotease processing site of the
mating factor. Three residues (AIP), which were taken from
the AOX1 protein in P. pastoris, were added behind ATG
of the mating factor prepro-leader. A BamHI site between
the AOX1 promoter and the signal sequence was deleted.
These changes proved to be effective in increasing phytase
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secretion (Xiong et al. 2003, 2004a). The highly efficient
signal peptide was an important foundation of the high-
level expression of the P. lycii phytase in P. pastoris.

The commonly used culture media for recombinant
P. pastoris strains are based on simple synthetic compo-
nents. A suitable carbon source must be added in
appropriate time, rate, and concentration to achieve
maximal biomass. This was the last reason of obtaining
12.2 g 1! expression. For obtaining high cell density, a
variable feed means was used in this research. Production
of the cell was the foundation of the high expression of the
heterologous phytase. In this study, under optimal growth
conditions, the cell density achieved ODgoo 390 nm, and
the phytase expression level achieved 12.2 g 17,

For unknown reasons, the 6'-phytase, which is produced
with a high yield from P. pastoris, was not thermostable in
our lab (80°C, 10 min retained 25%), as shown by Ullah
and Sethumadhavan (2003) (70°C, 10 min retained 40%).
However, Lassen et al. (2001) showed that the 6'-phytase
was more thermostable (80°C, 60 min, retained 62%). It is
the key for commercial phytases with high thermostability.
Some thermostable phytase genes were found and cloned,
but the specific activities of those phytases were low (Wyss
etal. 1998, 1999a; Pasamontes et al. 1997b; Ha et al. 2000;
Mullaney et al. 2000). We have obtained some highly
thermostable phytase candidates using DNA shuffling
method, and the results will be reported soon. There were
some properties different from other reported phytases
(e.g., optimal pH, optimal temperature, and thermostabil-
ity). Some researches indicated that glycosylation was
essential for the biosynthesis of phyA4 phytase in P. pastoris
and the establishment of its thermostability (Han and Lei
1999). The phytase of P. lycii produced in P. pastoris was
highly glycosylated, as there were nearly ten N-glycosy-
lation sites (Bagger et al. 2003). Sagt et al. (2000) reported
that the use of N-glycosylation could significantly enhance
heterologous protein secretion.

We have demonstrated that the PTDS method offers a
simple, rapid, high fidelity and low cost alternative to
synthesize and assemble long DNA fragments (Xiong et al.
2004b). For phy-pl-sh, we used successive extension PCR
method in year 2002. The error rate was 4.2/1,000. For
phy-pl-wt, we used PTDS method in year 2004. The error
rate was only 1.6/1,000.

To our knowledge, we are the first group that conducted
the study using high-level expression system of 6'-phytase
constructs in P. pastoris. The phytase of P. lycii has high
specific activity character, and is highly expressed in
P. pastoris. The results showed extremely high potentials
for industrial production of the 6'-phytase.

Acknowledgements We are grateful to Dr. Jian Zhang, Dr. Wen-Jin
Yu (University of Guelph, Canada) and Prof. Zong-Ming Cheng
(University of Tennessee, USA) for their careful reading and valuable
comments on the manuscript. This research was supported by the
Fund of National Natural Science Foundation of China (30471258),
Shanghai Natural Science Foundation (04ZR14116), Shanghai
Rising-Star Program (05QMX1445), Key Project of Science and
Technology Commission Foundation of Shanghai (993913002). We
thank Shanghai YongYe Bio-engineering for providing some
instruments and technical help.

References

Bagger HL, Fuglsang CC, Westh P (2003) Preferential binding of
two compatible solutes to the glycan moieties of Peniophora
lycii phytase. Biochemistry 42:10295-10300

Cho J, Lee C, Kang S, Lee J, Lee H, Bok J, Woo J, Moon Y, Choi Y
(2005) Molecular cloning of a phytase gene (phy M) from
Pseudomonas syringae MOK1. Curr Microbiol 51:11-15

Clare JJ, Rayment FB, Ballantine SP, Sreekrishna K, Romanos MA
(1991) High-level expression of tetanus toxin fragment ¢ in
Pichia pastoris strains containing multiple tandem integrations
of the gene. Biotechnology 9:455-460

Cregg JM, Vedvick TS, Raschke WC (1993) Recent advances in the
expression of foreign genes in Pichia pastoris. Biotechnology
11:905-910

Engelen AJ, van der Heeft FC, Randsdorp PH, Smit EL (1994)
Simple and rapid determination of phytase activity. J AOAC Int
77:760-764

Gellissen G (2000) Heterologous protein production in methylo-
trophic yeasts. Appl Microbiol Biotechnol 54:741-750

Graf E (1983) Calcium binding to phytic acid. J Agric Food Chem
31:851-855

Greiner R, Konietzny U, Jany KD (1993) Purification and
characterization of two phytases from Escherichia coli. Arch
Biochem Biophys 303:107-113

Ha NC, Oh BC, Shin S, Kim HJ, Oh TK, Kim YO, Choi KY, Oh BH
(2000) Crystal structures of a novel, thermostable phytase
in partially and fully calcium-loaded states. Nat Struct Biol
7:147-153

Haefner S, Knietsch A, Scholten E, Braun J, Lohscheidt M, Zelder
O (2005) Biotechnological production and applications of
phytases. Appl Microbiol Biotechnol 23:1-10

Han Y, Lei XG (1999) Role of glycosylation in the functional
expression of an Aspergillus niger phytase gene (phyA) in
Pichia pastoris. Arch Biochem Biophys 36:483—490

Hurrell RF (2004) Phytic acid degradation as a means of improving
iron absorption. Int J Vitam Nutr Res 74:445-452

Jendza JA, Dilger RN, Adedokun SA, Sands JS, Adeola O (2005)
Escherichia coli phytase improves growth performance of
starter, grower, and finisher pigs fed phosphorus-deficient diets.
J Anim Sci 83:1882-1889

Kjeldsen T, Pettersson AF, Hach M (1999) Secretory expression and
characterization of insulin in Pichia pastoris. Biotechnol Appl
Biochem 29:79-86

Lassen SF, Breinholt J, Ostergaard PR, Brugger R, Bischoff A, Wyss
M, Fuglsang CC (2001) Expression, gene cloning, and
characterization of five novel phytases from four basidiomycete
fungi: Peniophora lycii, Agrocybe pediades, a Ceriporia sp., and
Trametes pubescens. Appl Environ Microbiol 67:4701-4707

Lee S, Kim T, Stahl CH, Lei XG (2005) Expression of Escherichia
coli AppA2 phytase in four yeast systems. Biotechnol Lett
27:327-334

Lei XG, Stahl CH (2001) Biotechnological development of effective
phytases for mineral nutrition and environmental protection.
Appl Microbiol Biotechnol 57:474-481

Lei XG, Porres JM (2003) Phytase enzymology, applications, and
biotechnology. Biotechnol Lett 25:1787—-1794



Lei X, Pao K, Elwyn RM, Ullrey DE, Yokoyama MT (1993)
Supplemental microbial phytase improves bioavailability of
dietary zinc to weanling pigs. J Nutr 123:1117-1123

Mitchell DB, Vogel K, Weimann B, Pasamontes L, Loon APGM
(1997) The phytase subfamily of histidine acid phosphatases:
isolation of genes for two novel phytases from the fungi
Aspergillus  terreus and  Myceliophthora  thermophola.
Microbiology 143:245-252

Mullaney EJ, Ullah AH (1998) Identification of a histidine acid
phosphatase (phyA)-like gene in Arabidopsis thaliana. Biochem
Biophys Res Commun 251:252-255

Mullaney EJ, Daly CB, Sethumadhavan K, Rodriquez E, Lei XG,
Ullah AH (2000) Phytase activity in Aspergillus fumigatus
isolates. Biochem Biophys Res Commun 275:759-763

Pasamontes L, Haiker M, Henriquez-Huecas M, Mitchell DB, Loon
AP (1997a) Cloning of the phytases from Emericella nidulans
and the thermophilic fungus Talaromyces thermophilus.
Biochim Biophys Acta 1353:217-223

Pasamontes L, Haiker M, Wyss M, Tessier M, van Loon AP (1997b)
Gene cloning, purification, and characterization of a heat-stable
phytase from the fungus Aspergillus fumigatus. Appl Environ
Microbiol 63:1696-1700

Peng RH, Xiong AS, Li X, Fan HQ, Yao QH, Guo MJ, Zhang SL
(2002) High expression of a heat-stable phytase in Pichia
pastoris. Sheng Wu Hua Xue Yu Sheng Wu Wu Li Xue Bao
(Shanghai) 34:725-730

Peng R, Xiong A, Li X, Fuan H, Yao Q (2003) A delta-endotoxin
encoded in Pseudomonas fluorescens displays a high degree of
insecticidal activity. Appl Microbiol Biotechnol 63:300-306

Reddy NR, Sathe SK, Salunkhe DK (1982) Phytates in legumes and
cereals. Adv Food Res 28:1-92

Rodriguez E, Han Y, Lei XG (1999) Cloning, sequencing, and
expression of an Escherichia coli acid phosphatase/phytase
gene (appA2) isolated from pig colon. Biochem Biophys Res
Commun 257:117-123

Sagt CM, Kleizen B, Verwaal R, de Jong MD, Muller WH, Smits A,
Visser C, Boonstra J, Verkleij AJ, Verrips CT (2000)
Introduction of an N-glycosylation site increases secretion of
heterologous proteins in yeasts. Appl Environ Microbiol
66:4940-4944

Sambrook J, Frisch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual, 2nd edn. Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY

Scorer CA, Clare JJ, McCombie WR, Romanos MA, Sreekrishna K
(1994) Rapid selection using G418 of high copy number
transformants of Pichia pastoris for high-level foreign gene
expression. Biotechnology 12:181-184

Sharp PM, Tuohy TMF, Mosurski KR (1986) Codon usage in yeast:
cluster analysis clearly differentiates highly and lowly expres-
sion genes. Nucleic Acids Res 14:5125-5143

Sreekrishna K, Brankamp RG, Kropp KE, Blankenship DT, Tsay JT,
Smith PL, Wierschke JD, Subramaniam A, Birkenberger LA
(1997) Strategies for optimal synthesis and secretion of
heterologous proteins in the methylotrophic yeast Pichia
pastoris. Gene 190:55-62

Stahl CH, Roneker KR, Thorntonm JR, Lei XG (2000) A new
phytase expressed in yeast effectively improves the bioavail-
ability of phytate phosphorus to weanling pigs. J Anim Sci
78:668-674

1047

Stemmer WP, Crameri A, Ha KD, Brennan TM, Heyneker HL
(1995) Single-step assembly of a gene and entire plasmid from
large numbers of oligonucleotides. Gene 164:49-53

Ullah AHJ, Gibson DM (1987) Extracelluar phytase (E.C.3.1.3.8)
from Aspergillus ficuum NRRL 3135: purification and
characterization. Prep Biochem 17:63-91

Ullah AHIJ, Phillippy BQ (1994) Substrate selectivity in Aspergillus
ficuum phytase and acid phosphatases using myo-inositol
phosphates. J Agric Food Chem 42:277-283

Ullah AH, Sethumadhavan K (2003) PhyA gene product of
Aspergillus ficuum and Peniophora lycii produces dissimilar
phytases. Biochem Biophys Res Commun 303:463-468

Vohra A, Satyanarayana T (2003) Phytases: microbial sources,
production, purification, and potential biotechnological appli-
cations. Crit Rev Biotechnol 23:29-60

Waterham HR, Russell KA, Vries Y, Cregg JM (1997) Peroxisomal
targeting, import, and assembly of alcohol oxidase in Pichia
pastoris. J Cell Biol 139:1419-1431

Wodzinski RJ, Ullah AH (1996) Phytase. Adv Appl Microbiol
42:263-302

Wyss M, Pasamontes L, Remy R, Kohler J, Kusznir E, Gadient M,
Muller F, van Loon APGM (1998) Comparison of the
thermostability properties of three acid phosphatases from
molds: Aspergillus fumigatus phytase, A. niger phytase, and
A. niger PH 2.5 acid phosphatase. Appl Environ Microbiol
64:4446-4451

Wyss M, Brugger R, Kronenberger A, Remy R, Fimbel R,
Oesterhelt G, Lehmann M, van Loon AP (1999a) Biochemical
characterization of fungal phytases (myo-inositol hexakisphos-
phate phosphohydrolases): catalytic properties. Appl Environ
Microbiol 65:367-373

Wyss M, Pasamontes L, Friedlein A, Remy R, Tessier M,
Kronenberger A, Middendorf A, Lehmann M, Schnoebelen L,
Rothlisberger U, Kusznir E, Wahl G, Muller F, Lahm HW, Vogel
K, van Loon AP (1999b) Biophysical characterization of fungal
phytases (myo-inositol hexakisphosphate phosphohydrolases):
molecular size, glycosylation pattern, and engineering of
proteolytic resistance. Appl Environ Microbiol 65:359-366

Xiong AS, Peng RH, Li X, Fan HQ, Yao QH, Guo MJ, Zhang SL
(2003) The study of signal peptide sequence affecting expres-
sion of heterologous protein in Pichia pastoris. Sheng Wu Hua
Xue Yu Sheng Wu Wu Li Xue Bao (Shanghai) 35:154-160

Xiong AS, Yao QH, Peng RH, Li X, Fan HQ, Guo MJ, Zhang SL
(2004a) Isolation, characterization, molecular cloning of the
c¢DNA encoding a novel phytase from Aspergillus niger 113
and high expression in Pichia pastoris. J Biochem Mol Biol
37:282-291

Xiong AS, Yao HQ, Peng RH, Li X, Fan HQ, Li Y, Cheng ZM
(2004b) A simple, rapid, high fidelity and cost-effective PCR-
based two-step DNA synthesis (PTDS) method for long gene
sequences. Nucleic Acids Res 32:¢98

Xiong AS, Yao QH, Peng RH, Han PL, Cheng ZM, Li Y (2005)
High level expression of a recombinant acid phytase gene in
Pichia pastoris. J Appl Microbiol 98:418-428

Zhao X, Huo KK, Li YY (2000) Synonymous codon usage in
Pichia pastoris. Sheng Wu Gong Cheng Xue Bao 16:308-311



	High level expression of a synthetic gene encoding Peniophora lycii phytase in methylotrophic yeast Pichia pastoris
	Abstract
	Introduction
	Materials and methods
	Chemicals, enzymes, plasmids, and yeast strains
	Synthesis of the recombinant and wild-type phytase genes of P. lycii
	Construction of expression plasmids and recombinant DNA techniques
	Transformation of P. pastoris and selection of recombinant clones
	High cell density fermentation of P. pastoris
	Protein analysis and enzyme activity assays
	Genetic stability of phytase expression

	Results
	Synthesis of phy-pl-sh (successive method) and phy-pl-wt genes (PTDS method)
	High level expression of the synthetic gene coding for phytase of P. lycii in P. pastoris
	Quantities, activities and properties of phytases of P. lycii produced from P. pastorisstrains that contained phy-pl-sh or phy-pl-wt genes
	Genetic stability of phytase expression

	Discussion
	References




<<
  /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
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /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
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /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


