CHAPTER Il

RESULTS AND DISCUSSIONS

In our previous experiment, to improve L-Phe production from phenylpyruvate
substrate by resting cell of e. co1i BL(DE3) expressing PheDH. The xqte gene
encoding a-ketoglutarate permease that might be responsible for an increase in
phenylpyruvate uptake into €. coii cell was selected to co-express with pnesn In
e. coti BL(DE3). The xgte gene was cloned into pET-17b and the recombinant
plasmid obtained was used as a source for amplification of the kgt gene preceded by
T7 promoter. After transfonnation into e. <011 BL21(DE3), colony that could grow on
selective plate containing ampicillin was hardly found. It was found that certain
morphology of recombinant e co1i colony on agar plate was changed, and it appeared
irregular in shape and the elevation of colony was seen to be flat with undulate
margin. The altered morphology led to terrible retardation of cell growth in LB broth.
This incident might be caused by the basal level expression in the absence of
induction due to some expression of T7 RNA polymerase from the /acUV5 promoter
ine. coi BL2L(DE3) host. If that gene product is sufficiently toxic to host cell, this
basal level expression can be enough to interfere with normal function of cell and
restrain cell growth (Novagen, 2003: onling). In 1996, Miroux and Walker
investigated the over-production of seven membrane proteins In an e. coli-
bacteriophage T7 RNA polymerase expression system. It was reported that most of
the BL21(DE3) host cells died when genes encoding membrane proteins cloned into
PET were over-expressed by induction with IPTG suggesting that over-production of
proteins in this expression system is either limited or prevented by bacterial cell death.
Moreover, the toxicity of the expression plasmids prevented transformation into this
host. Therefore, pET-17h was not suitable for membrane protein expression.

The transmembrane proteins YddG and GlpF are relatively hydrophobic and
are believed to be toxic to cells when expressed at a high level. Therefore, both genes
typically need to be placed under stringent regulation. The control by r 112« promoter
is stricter than that of the T7 promoter. Most toxic proteins are expressed well under
control of the T7/ac promoter in BL21(DE3). In addition, the strict gene expression is
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necessary to evaluate protein folding kinetics and metabolic rates, as well as to
propagate proteins that are toxic to e. con (Gruber et al,, 2008). Thus, to ensure
the sufficient expression of 1ac repressor, pRSFDuet-1 vector carrying rirac
promoter and the 12« gene is useful in the BL2L(DE3) host to reduce the basal
transcription level (leakiness) of the proteins in the absence of induction with IPTG
and help in keeping stable a plasmid containing toxic genes (Mierendorf et ak, 19%:
onling) Therefore,pnesn gene froms. reriwws Was subcloned into pRSFDuet-1 vector.

3.1 Subcloning of phenylalanine dehydrogenase gene

3.1.1 Plasmid extraction
PBLPheDH (4,388 bp), pET-17b inserted with s. 1entus phean Uncer T7
promoter, was extracted from e con BL21(DE3) host as described in section 2.9.1.
The concentration of the obtained plasmid was examined on agrose gel
electrophoresis. Generally, a yield of approximately 50 nyla.L of the pBLPheDH
concentration was obtained from 5 mL of cultured bacterial cells together with the
elution step by 30 pL of ultrapure water. However, this yield depended on the amount
of copy number of plasmid. The plasmid solution was used as a DNA template for

pnedn gene PCR amplification.

3.1.2 PCR amplification 0fpnean gene

The pnean gene (1,143 bp) was cloned into recognition Sites nsev and
£cORV of pRSFDuet-1 vector. Afterpnean amplification, the 3'-end of PCR fragment
was spontaneously compatible with blunt end of fscoRV-digested pRSFDuet-1. When
theses sites had been ligated as GATIATC, it was able to be digested by ecorv.
The PCR product of approximately 11 kb which correlated to the expected length of
pnean WS amplified from pBLPheDH at different annealing temperatures as shown
in Figure 31A. All annealing temperatures showed high intensity of specific band of
pnean With non-specific DNA fragments of higher size. These PCR products were
pooled and run on the agarose gel to separate the desired fragment through
the instruction of gel/PCR DNA fragment extraction kit.
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Figure 3.1 Electrophoretic patterns of recombinant plasmid pPheDH

A: PCR products ofyneqn amplification using various annealing temperatures
Lane m =100 bp DNA ladder
Lane 1 = annealing temperature of ss.s -c
Lane2 = annealing temperature of so.7 <c
Lane 3 = annealing temperature 0f s2.0 <c
Lane 4 = annealing temperature 0f e4.9 -c
Lane s = annealing temperature of 6.6 <c

B: Pattern of digested fragments
Lane m = 100 bp DNA lacder
Lane 1 = 7V<Mdigested PCR product ofpnesn gene
Lane2 = MM/EcoRV-digested pRSFDuet-1
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3.1.3 Cloning ofpnesn gene to pRSFDuet-1 vector

The purified PCR product of pnesn gene was only digested with wger.
In the meantime, pRSFDuet-1 was digested with vser and ecorn (Figure 3.1B).
Both of the digested fragments were joined by ligase resulting in a recombinant
plasmid pPheDH (Figure 2.1A). After transformation into €. co1i BL21(DE3) by
electroporation, the recombinant clones were scregned on LB agar plates containing
30 pg/mL of kanamycin and incubated at 37 °c for 18 h as described in 29.4.1 to
2.9.4.4, respectively.

For selection of recombinant clone as described in section 2.9.4.5.1, the
colonies containing recombinant plasmid with slower mobility on the agarose gel than
that of parental plasmid (pRSFDuet-1) were predicted to be a recombinant plasmid
inserted with phean (Figure 3.2). The mobilities of recombinant plasmids from
various clones (lane 1-16) were compared with that of pRSFDuet-1 vector (lane C).
For colony in lane 5, its recombinant plasmid seemed to be generated from self
ligation of vector. Thus, all of these colonies except colony of lane 5 were cultivated
in LB broth containing kanamycin. The plasmid of each colony was extracted and
digested wser and e cor v. The digestion products were characterized by agarose gel
electrophoresis. In case of successful cloning, pPheDH (4,955 bp) digested with v g
and e cor v had to comprise of two DNA fragments: 3,808 bp (pRSFDuet-1 part) and
1,147 bp (pnean gene). Later on, eighteen recombinant clones harbouring correct size
of recombinant plasmid were chosen to assay for their PheDH activity.

3.1.4 Expression ofpnean ine. coti BL21(DE3)

For expression of the £. co1i BL21(DE3) transformants harbouring phean,
1mM IPTG was added to inducesnean expression. Generally, for pET constructions
carrying the “plain” T7 promoter, a final concentration of 04 mM IPTG s
recommended for full induction, while 1mM IPTG is recommended for full induction
with vectors having the 7 1=« promoter (Novagen, 2003: online).

After crude extracts of each of eighteen recombinant clones had been
prepared, their PheDH activity in the direction of an oxidative deamination was
assayed. £. co1i BL21(DE3) with and without pRSFDuet-1 were used as references as
specified in 2.9.5. The result was shown in Table 3.1. The clones showed different
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Figure 3.2 Electrophoretic patterns of rapid selection of pPheDH clone.

The arrows showed the positions of supercoiled form of plasmids.
Lane c = & coli BL2L(DE3)/pRSFDuet-|
Lane 14, 6-16 = putative e. co1i BL21(DE3)/pPheDH
Lane 5 = nonputative . co1i BL21(DE3)/pPheDH
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Table 3.1 Phenylalanine dehydrogenase activity from each crude extract ofe. coi

BL21(DE3) transformants*
Total activity ~ Total protein

Source

Bacillus lentus

¢ s01i BL21(DE3)/pBLPheDH

E. coli BLZ].(DE3)

¢ co1i BL2L(DE3)/pRSFDuet-

Transformant No.|
Transformant No.2
Transformant No.3
Transformant No.4
Transformant No.5
Transformant No.6
Transformant No.7
Transformant No.8
Transformant No.9
Transformant No. 10
Transformant No.| 1
Transformant No. 12
Transformant No. 13
Transformant No 14
Transformant No. 15
Transformant No. 16
Transformant No.17
Transformant No. 18

(,
2,23
6,937

0
0
4,992
5,491
4,299
4,992
5,325
5,158
2413
5,216
4,659
5,325
5,657
2,219
5,949
3,883
3,950
4,825
5,713
5,325

(mg)
2,110
89.0
183
416
812
6.5
111
83.7
904
917
59.6
9.0
9.1
9.3
108.7
418
1043
94.0
1011
1004
1028
%.1

Specific activity

(' /mg protein)
10*

1197
0.0
0.0
615
L7
55.1
59.7
58.9
56.3

405
549
495
5.9
52.1
46.4
57.0
413
301
431
55.6
54.3

"Crude extracts were prepared by culturing each E. coli cells in 200 mL of LB medium in the presence of 1 mM

PTG for 3 h

**This was obtained by culturing B. lentils with the optimum condition for enzyme production; peptone medium
(2 L), pH 7.0 supplemented with 0.4% L-Phe at 37 - for 18 h. The peptone medium consisted of 1% peptone,

0.2% sodium chloride, 0.01% magnesium sulfate and 0.01% yeast extract (Inkure, 2005).

*The soluble crude extract was prepared by cultivation of recombinant E. coli BL21(DE3) containing pBLPheDH
in 200 mL of LB medium induced by 0.4 mM 1PTG for 4 h (Thongchuang, 2006).
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levels of the specific activity in the range of 35.1 to 71.7 units/mg protein. The highest
specific activity was reached by e. co1i BL21(DE3)/pPheDH transformant No. 2
which was 71.7-fold higher than that of 6 acitius rentus (Inkure, 2005). The specific
PheDH activity of pBLPheDH recombinant clone was 77.9 unitsimg protein
(Thongchuang, 2006). It was found that the PheDH activity obtained from pET-17h
(PBLPheDH) did not significantly differ from that of using pRSFDuet-1 (pPheDH).
The copy number of pET-17b with T7 promoter is 40 per cell while that of
PRSFDuet-1 with 1112 « promoter is more than 100 per cell.

The nucleotide sequence of inserted pnean in pPheDH from e. coui
BL21(DE3) transformant No. 2 was verified by DNA sequencing. The obtained
sequence consisted ofa 1,143 bp open reading frame ofynean Specifying a protein of
380 amino acid residues. It was 100% identical topnesn gene froms. rentus. Figure
3.3 showed sequence of pnean Qene inserted between woer and ecorv Sites of
PRSFDuet-1. This recombinant clone (pPheDH) was used as parental plasmid as well
as a source for a basal level of L-Phe production.

3.2 Cloning ofaror pnea andyasc genes into pET-22b(+) vector

3.2.1 Chromosomal DNA extraction ofe. CO//TOP10
From agarose gel electrophoresis, the extracted chromosomal DNA from
e. coli TOP10 showed high purity of molecular weight over 23.1 kb without RNA
and protein contamination. This significantly corresponded to the purity assessed by
Nas0n2s0 ratio which was around 18 to 2.0. It was also indicated that the DNA
solution had less phenol and protein contaminant.

3.2.2 Template preparation for PCR amplification
At the beginning of this work, the complete genome sequence of e. coli
BL21(DE3) (Genbank accession no. CP001509) used as host strain was still not
published. Therefore, the complete genome sequence of e. «o1i DH10B (Genbank
accession no. CP000948.1) was used for primers design in amplification of genes of
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Figure 3.3 The nucleotide sequence and the deduced amino acid sequence ofphear

GOCCGAATIG
TGAGCGGATAACAATTCOCCATCTTAGTATATTAGT TAAGTATAAGAAGGAGATATA

ATSAGCTTAGTAGAAAAAACATCCATCATAAAAGATTTCACTCTTTTTGAAAAAATGTCI

MSLVEKTS 1 KDFTLFEIKMS
GAACATGAACAAGTTGT TTTT TGCAACGATOOGEEOGACAGCGACTAAGGEGEOCATTATORCT
EHEQVVFZC ND PATGLRAI I A

VEEALEDALR LSKGMTYKTCA
GOGTOOCATGTOGACT TTEEOGE0GEEAAAACCAGTCATTATOGGTGATCOGCAGAAAGAT
ASDVDFGG®G GKAVIIGDPQKD
AAATCTOCAGAACTGTTOOGOGEOGT TTEECCAATTTGT TGATTOCCTTEGE0EE0OGTTTC
KSPELFRA FGQFVDSLGGRF
TATACAGGTACTGATATGGGAACGAATATGGAAGATTTCATTCACGOCATGAAAGAAACA
YTGTDMGT NM EDFIHAMKET
AACTGCATTGT TEEEGTCOOGEEAAGCCT TACGEOEE0CEEOCGAGATTACTCTATTCCAACT
NCIVGVPEAY GGGGDSSIPT
GOCATCEGTGIOCTGTACGGECATTAAAGCCAACCAACAAAATGT TGT TTGECAAGGACGAT

AMGVLYG.I KATNKMLFGKDD
CTTCEOCEOGTCACT TATGOCATTCAAGGACT TGECAAAGTACCCTACAAAGTACOCGAA
LG GVTY A/ QG L GKV GY KV AE

GECCTGCTOGAAGAAGGTGCTCAT T TATTTGTAACGGATATTAACGAGCCAAAGCTTCGAG
GLLEEGAH LFV TDINE® QSILE
GCTATOCAGGAAAAAGCAAAAACAACATCOGGT TCTGTCACGGTAGTACOGACOGATGAA
Al QEKAKT TS GSVTVVASDE
ATTTATTOOCAGGAAGOCGATGIGT TOGT TCOGTGTGCATTTGEOGEOGT TGTTAATGAT
'Y SQEADYV FVv PCAFGGVVND
GAAACGATGAACCAGT TCAAGGTGAAAGCAATOBCOGGT TCAGCCAACAATCACCTGCTT
ETMKQFKYV KA | AGSANNOQTLL
\TCAOGGCAGACAGCT TGCAGACAAACGCATTCTGTATGCTOOGGATTATATT
TEDHGRQOQL AD K GI LY APDYI
GITAACTCTCEOGGTCTGATOCAAGTAGOCGACGAAT TGTATGAGG TGAACAAGAACGC
VNS GGLI QVADTELYEVNKETR
GIGCTTGOGAAGACGAAGCATATTTACGACGCAATTCT TGAAGTGTACCAGCAAGOGGAA
VL AKTKHI YDAILEVYQQAE
TTAGATCAAATCACCACAAT CRAAGCAGOCAACAGAATGTGTGAGCAAAGAATGEOECA
LDQITTMEAANRMCEOQRMAA
AGAGCCOGACGCAACAGCTTCTTTACTTCTTCTGT TAAGOCAAAATGGGATATTCGCAAC
RGRRNSFF TS SVKPKWDIRN
TAAGATATCEEC0CEEOCACCOGEATOCCTGACGTOCGTACCCTCGAGICTGGTAAAGAAC

OCCTGCTEOGAAAT T TGAACGOCAGCACATCGACTC GIc TACTAGCEAG
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gene of recombinant plasmid pPheDH. The 12« operator and ribosome binding site are
indicated in blue and green, respectively. The restriction siteSwsel and ecorv are
shown by the underlined pink and red, respectively.
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Interest and e. «o1i TOP10, a strain with a close similarity to the strain DH10B, was
used as a DNA template for amplification.

Comparison of nucleotide sequences and deduced amino acid sequences
ofaros encoding 3-dehydroquinate synthase, aro1 encoding shikimate kinase I, ¢ 1p ¢
encoding glycerol facilitator, qipx encoding glycerol kinase, ww encoding
transketolase, pnea encoding chorismate mutase/prephenate dehydratase and ys oo
encoding aromatic amino acid exporter reported in e coni DHL0B with those of
e. coti BL21(DE3) revealed high levels of homology (Table 3.2). The nucleotide
sequence identities of all 7 genes of strain DH10B and strain BL21(DE3) were ranged
from 97% to 100%. The deduced amino acid sequences were also highly similar (99
or 100% homology).

Prior to PCR amplification of each gene, the DNA template was
prepared by cleaving chromosomal DNA of e ¢o1i TOP10 with restriction enzyme
because the small fragment of chromosomal DNA was easily accessed for annealing
with primers in PCR reaction. For these Six genes (1.e. aros. aroL, gipF, pheA, tkiA
and yoos), no recognition site of samns Was found. Thus, BtfwHI-digested
chromosomal DNA was used as PCR template for amplification of six genes.
In contrast to g1px gene amplification, the template was prepared by digestion with
xnol DECAUSe q1pk gene could be cut by sam 11 After digestion and separation on
agarose gel, it was found that the digestion gave the DNA fragments in the range of
1kb to 231 kb. The digestion reaction was purified and then used as template for
gene amplifications.

3.2.3 PCR amplification of aror pnea andysac genes

The rate of expression of a gene in a vector is known to depend on the
distance between the gene and its promoter. A gene located close to the promoter is
expressed with @ much higher rate compared to a gene that is located far from the
promoter (Weckbecker and Hummel, 2004). Therefore, to control the expression of
each gene at similar level, each gene was required to be preceded by its own irac
promoter. Figure 3.4 showed the position of each of these seven genes located on the
single pRSFduet-1 vector by rational design.
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Table 32 The identity of interested genes from e. con strains BL21(DE3) and
DH10B

% |dentity
Gene Nucleotie Deduced amino acid
sequence Sequence

aroB 99 99

arol 99 100

JoF 99 100

JnK 100 100

pheA 98 100

9 100

ydde 97 99
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Figure 3.4 The positions of all seven genes (aros 10roF, gipr, phea, prean, ika andyaac) inserted into multiple cloning site-1 (A) and
multiple cloning site-2 (B) of single pRSFDuet-1 vector to produce a recombinant plasmid pPTFBLYA
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To facilitate the construction of all seven genes in single vector that each
gene preceded by its own promoter, firstly, each gene was cloned into individual
PRSFDuet-1 vector to yield pAroB, pAroL, pGlpF, pPheDH, pPheA, pTktA and
pYddG. Each of the three genes (arov,prea andyaac) that was planned to be placed
into multiple cloning site-1 of pRSFDuet-1 vector was initially cloned into an
expression vector pET-220b(+) since pRSFDuet-1 was not available in the lah and
PET-22b(+) has asame L ira« promoter as pRSFDuet-1 vector.

For aror (525 bp) and yeee (882 bp) amplifications, agarose gel
electrophoresis revealed that the amplified PCR fragment lengths of approximately
0.55 and 0.90 kb were in good agreement with the actual lengths of aror andyade
genes of DH10B strain, respectively. The PCR products of both genes showed strong
band with specific size at all annealing temperatures. However, non specific amplified
DNA fragments of bigger size were detected (Figure 3.5A). Forprea (1,161 bp)
amplification, the amplified 1.2 kb fragment was detected with high intensity together
with trace of non-specific band of approximately 2.3 kb at all annealing temperatures
(Figure 3.5B). All PCR products were pooled and then purified.

3.24 Cloning 0f aror, pren andysoc genes

The PCR products of these three genes were digested with restriction
enzymes, and ligated into pET-22h(+) digested with the same restriction enzymes. As
a result of this, the recombinant plasmids pETAroL (5,890 bp), pETYddG (6,247 bp)
and pETPheA (6,560 bp) were obtained (Figure 2.1 A, 2.2A and 2.2B). Each plasmids
was introduced into e. co1i BL21(DE3) and ampicillin-resistant colonies harbouring
expected  genes-incorporated pET-22b(+) were examined on agarose (el
The plasmids pETAroL and pETYddG, after digested with w ¢e I and x no1, Showed
the vector fragment of 5,363 bp, and the fragments of 527 bp of aro1 gene and 884 bp
ofyaac gene (Figure 3.6A and 3.6B). The 5,397 bp fragment of pET-22b(+) part and
the 1,163 bp fragment containing pnes gene were derived from cutting pETPheA
With v aer and ecort (Figure 3.6C). It was concluded that the specified PCR product
was indeed ligated to the target plasmid.
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Figure 3.5 PCR products 0faroL, yaas anderea geNes using various annealing
temperatures
A: PCR products of aro. andyssc genes
Lane M =xmindu 1 Standard DNA marker
Lane 16 =annealing temperature of 50.0 -c
Lane2-7 = annealing temperature 0f 52.7 -
Lang3-8 = annealing temperature 0f55.4 -c
Laned-9  =annealing temperature 0f 58.1 -«
Lane 510 = annealing temperature 0f 60.0 -
Lane m = 100 bp DNA ladder
B: PCR products ofpnea gene

Lane M = xumingu 1 Standard DNA marker
Lane 1 = annealing temperature 0f 50.0-c
Lane 2 = annealing temperature of 52.7 ¢
Lane 3 = annealing temperature of 55.4 <
Lane 4 = annealing temperature 0f 58.1 -c
Lane 5 = annealing temperature 0f 60.0 -

Lane m = 100 bp DNA ladder
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Figure 3.6 Restriction patterns of recombinant plasmids pETAroL, pETYddG and
PETPheA
A: Restriction pattern of pETAroL
Lanem = 100 bp DNA ladder
Lane 1 = MIel/ATiol-digested pET-22h(+)
Lang 2-4 = AWd/A7wl-digested pETAroL
B: Restriction pattern of pETYddG
Lanem = 100 bp DNA ladder
Lane 1 = AWel/ATzol-digested pET-22b(+)
Lane 2-4 = Afafel/ATiol-dligested pETYddG
C. Restriction pattern of pETYddG
Lanem = 100 bp DNA ladder
Lane 1 = AWel/EcoRI-digested pET-220(+)
Lane 2-4 = MM/iscoR|-digested pETPheA
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3.3 Subcloning of aror pres andysoc genes into pRSFDuet-1 vector

3.3.1 Cloning of =ro1 gene into pRSFDuet-1 vector

To integrate the aro. gene fragment with 1112 promoter and the ribosome
binding site into samw 1 and asc1 Sites of pRSFDuet-1 vector, constructed pETAroL
was used as DNA template for PCR amplification. It was found that all annealing
temperatures gave strong product of approximately 0.7 kb that was 100 bp bigger than
the aror gene. This 100 bp bigger included ri1ac promoter, 12c operator and
ribosome binding site. From analysis of the separation on agarose gel in Figure 3.7A,
no interference of non-specific PCR product with the main product was found. Thus,
the step of separation of PCR product on agarose gel for eluting the desired fragment
was not needed. The PCR product was simply harvested, and then cloned into
PRSFDuet-1 to get pAroL (4,447 bp) (Figure 2.3A). The obtained plasmid was
introduced into €. o1 BL21(DE3) and colonies harbouring expecting gene were
examined on agarose gel. The plasmid that was digested with samu1 and asci
resulting in the fragments of 3,810 bp and 637 bp (Figure 3.7B) was selected to be
investigated by DNA sequencing to make sure the correct nucleotide sequence of
aroL (€Ne and 1ira « promoter. The nucleotide sequence of «ro1 gene of pAroL is
shown in Figure 3.8. The obtained sequence consisted ofa 525 bp open reading frame
of arov encoding a protein of 174 amino acid residues. It showed 100% identity to
arot ene frome. co1i DH10B,

3.3.2 Cloning ofyssc gene into pRSFDuet-1 vector

To subclone the DNA fragment containing the ysse gene including
the 1112« promoter and the ribosome binding site from pETYddG into asci and
wingin Sites of pRSFDuet-1 vector, PCR amplification of this fragment was
performed. All annealing temperatures showed strong main product of 1.0 kb which
was 100 bp bigger than the size ofyss6 gene after separation on agarose gel (Figure
39A). The main product of gene fragment was obtained without any non-specific
product. The PCR product was simply harvested, and then cloned into pRSFDugt-1
leading to pYddG (4,805 bp) (Figure 2.3B). The obtained plasmid was introduced into
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Figure 3.7 Electrophoretic patterns of recombinant plasmid pAroL
A: PCR products of a1 gene preceded by 1i1a « promoter using various
annealing temperatures
Lanem = 100 bp DNA lacider
Lane 1 = PCR product ofaroL gene

Lane2 = annealing temperature of so.0 -
Lane3 = annealing temperature of s2.5 -
Lane4d = annealing temperature of 54.4 -

Lane5 = annealing temperature of se.5 -
Lane6 = annealing temperature of ss.7 -
Lane 7 = annealing temperature of so.s =
Lane8 = annealing temperature of 2.9 <
Lane9 = annealing temperature of 64.6 -
Restriction pattern of pAroL

Lanem = 100 bp DNA lacder

Lane 1 = Sa/wHIA4scl-digested pRSFDuet-
Lane 2-7 = ZtamHIA™d-digested pAroL

o o o o O o
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Figure 3.8 The nucleotide sequence and the deduced amino acid sequence of arot

ATTAATACGACTCACTATAGGGEGAATTGTGAGOGGATAACAATTOOCCTGTA
GAAATAATTTTGTTTAACT TTAATAAGGAGATATACCATGEGECAGCAGOCATCACCATCA
TCAOCCACAGOCACGATOOCGATCOOGCOGAAAT TAATACGACTCACTATACCEGAATTGIG
AGCGGATAACAATTOOCCTCTAGAAATAATTTTGT TTAACT TTAAGAAGGAGATATACAT

ATGACACAACCTCT TTTTCTGATOGGEE0CTOCEEECTGTCGTAAAACAACGEGTOCEAATG
MTQPL FL | GP RGCGKTTVGM

ALA DSLNR RFVDTDQWLOQSDOQ
CTCAATATGACGGTOGOGGAGATOGTOGAAACGGAAGAGTGRE0GEEA
LNMTVAEI VE REEWAGTFRAR
GAAAOCEOCE0RCTAGAAGOGGTAACTAOGROCATOCACOG T TATOGCTACAGRORE0REC
ETAALEAVTA PSTVIATGGG
ATTATTCTGACGGAAT TTAATOGTCACTTCATGCAAAATAACGGGATOGTGGTTTATTTG
| 'LTEFNRHFMOQNNGIVVY.L
TGTGOGOCAGTATCAGTOCTGGT TAACOGACTGCAAGCTGCACOCGAAGAAGATTTACGG
CAPVSVLVNRLQAAPEEDTLTR R
OCAACCTTAACGGEGAAAACOGCTGAGOGAAGAAGTTCAGGAAGTGCTGGAAGAAOGOGAT
PTLTGKPLSE EVOQEVLEERD
GOGCTATATOGOGAAGTTGOGCATATTATCA
ALYREVAHXI IDATNEPSOQV
ATTTCTGAAAT TOGCAGOGOOCTGRECACAGACGATCAA

| SEIRSALAQTINC*
OGACAAGCTTGOGGO0GCATAATGCTTAAGTOGAACAGAAAGTAATOGTATTGTACACSG

OOGCCATAATCGAAATTAATACGACTCACTATAGGEGAAT TGTGAGOGGATAACATTOOCC
ATCTTAGTATATTAGTTAAGTATATGAGGAGATATACATATGGCAGAT

100

gene of recombinant plasmid pAroL. The T7 promoter, iac operator and ribosome
binding site are indicated in orange, blue and bold green, respectively. The restriction
SiteSsam 11 andasci are shown by the underlined pink and red, respectively.
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Figure 3.9 Electrophoretic patterns of recombinant plasmid pYddG

A: PCR products 0fyddG gene preceded by Tllac promoter using various
annealing temperatures
Lane m = 100 bp DNA ladder
Lane 1 = PCR product ofyddG gene
Lane 2 = annealing temperature of 50.0 -
Lane 3 = annealing temperature of 52.5 <
Lane 4 = annealing temperature of 54.4 -
Lane 5 = annealing temperature 0f 56.5 <c
Lane 6 = annealing temperature 0f 58.7 ¢
Lane 7 = annealing temperature of 60.8 ¢
Lane s = annealing temperature 0f 62.9 <c
Lane o = annealing temperature of 64.6 -c

B: Restriction pattern of pYddG
Lanem = 100 bp DNA ladder
Lane I = PCR product ofyddG gene preceded by Tllac promoter
Lane 2 = vdscl/7/l«dlll-digested pRSFDuet-1
Lane 3-6 = yDcl/T/wdlll-digested pYddG

o
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E coli BL21(DE3) and colonies harbouring expecting gene were examined on
agarose gel. The selected clone containing recombinant plasmid needed to give the
fragments of 3,811 bp and 994 bp after digestion with Ascl and ///mil 1 (Figure 3.9B).
This plasmid was confinned again by sequencing using only one primer because
the fragment length was not long. The nucleotide sequence ofyddG gene of pYddG is
shown in Figure 3.10. The obtained sequence consisted of an 882 bp open reading
frame of yddG encoding a protein of 293 amino acid residues. It was found that the
yddG sequence was entirely homologous (100%) to that from E coli DH10B.

3.3.3 Cloning ofpheA gene into pRSFDuet-1 vector

To switch an expression vector from pET-22b(+) to pRSFDuet-1 vector,
the DNA fragment containing the pheA gene linking to the lilac promoter and the
ribosome binding site was amplified from previous constructed pETPheA. The PCR
products were separated on the agrose gel (Figure 3.11A). The thick band of DNA
fragment of 1.3 kb which was compatible with the sum of the length of pheA gene
(12 kb) and lilac promoter-ribosome hinging site zoo bp) was obtained with an
occurrence of smear non-specific product of 2.5-3.0 kb. After collection of the
relevant fragment from PCR reaction, it was cloned into pRSFDuet-1 to produce
pPheA (5,078 bp) (Figure 2.4A). Then, the pPheA was transformed into E coli
BL21(DE3) and screened on agarose gel. After digestion with HindlU and afin,
the recombinant plasmid giving the fragments of 3,809 bp and 1,269 bp (Figure
31 IB) was sequenced. The nucleotide sequence of pheA gene of pPheA is shown in
Figure 3.12. The obtained sequence consisted of a 1,161 bp open reading frame of
pheA encoding a protein of 386 amino acid residues. It was 100% homology to pheA
gene from E coli DH10B.

3.4 Cloning ofaroB, glpF and tktA genes into pRSFDuet-1

3.4.1 Cloning of aroB gene into pRSFDuet-1
Based on the plan of arrangement of all seven gene positions on only one
of pRSFDuet-1 vector as shown in Figure 3.4, it was found that just one gene (aroB
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TTTAACTTTAAGAAGGAGATATACAT
ATGACACGACAA/—\AAGCAAC(L3CTCA]FA((BSGGC[GAlTAGACG,lAT(i}BTCiCT% GGSAG%I_ACI%ATG
G\T/AGgA]LI'G/(-\lIT CGC%GTGTCASGTGAGgGGCTC(?GCCCGGT%GG%GGCGCAGCTGCTATC
T¢TT%AT[AA§CGéSGCLTGCTG'I[TAAlTC?:TC%CGGTT%GAEITCCGCGTA'ITCGGCAAATC
C%GAKAA%GCTATFTACTCGchG%AGLFCTGTTATFCG\]/'CASSSCTATGAAAT%TG?CTGAGCG
CTTTCCTTAGGGTATGCGGCGACCCATCATCAGGCGATTGAAGTGGGTATGGTGAACTAT

LSLGYAATHH ]Q[AIEVGMVNY
CTGTGGCCCAGCCTGACAATTCTCTTTGCCATTCTGTTTAATGGTCAGAAAACCAACTGG
LWPS LTI LFAILFNGQ{KTNW
TTGATTGTACCTGGATTATTATTAGCCCTCGTCGGCGTCTGTTGGGTGTTAGGCGGTGAC
LI1vPGeGLLLAL VGVCWVYVLGGD
AQTG((SSGTTACATTATGATGAAATCATCAATAATAlTCACCACCé’-\GCPCCﬁTT(SBAGFATFTC
CTGGCGTFCATFGGTGCGTITATCTGGGCAGCCTA'ITGCACAGTAACGAATAAATACGCA
LAFIGAFI WAAYCT T K A
CGCG(ESATFTQAT&BGAATTACCGH [ GTCCTESCTAACGG(?AGCA@GTCT(\;\'IFGGGTFTAC
TATI'ITCTFACGCCACAACCAGYYAATGATATITASGCACGCCCGTCATGATI'AAACTCATC
TCTGCGGCATI'I'ACC%AGGATTTGCTI'ATGCTGCATGGAATGTCGGTATATTGCATGGC
SAAFTLGFAY AAWNVGILHG
AATGTCACCATTATGGCGGTAGGTTCGTATTTTACGCCTGTACTTTCCTCAGCGCTTGCA
NVTIMAVGSY FTPVLSSALA
GCCGTGCTGCTCAGCGCCCCGCTGTCGTTCTCGTTCTGGCAAGGCGCGCTGATGGTCTGC
AV L LSAPLSFE SFW(%GALMVC
GGCGGTTCCCTGCTCTGCTGGCTGGCGACACGTCGTGGTTAAAAGCTTGCGGCCGCATAA
GGSLLCWLAT RRG™

TGCTT7YAGTCGAAC
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Figure 3.10 The nucleotide sequence and the deduced amino acid sequence ofyddG
gene of recombinant plasmid pYddG. The ribosome binding site is indicated in green.
The restriction site ///«dm is shown by the underlined red.
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Figure 3.11 Electrophoretic patterns of recombinant plasmid pPheA

A: PCR products ofpheA gene preceded by 'lilac promoter using various
annealing temperatures
Lane m = 100 bp DNA ladder
Lane 1 = annealing temperature 0f50.0 -
Lane 2 = annealing temperature 0f 52.5 ¢
Lane 3 = annealing temperature of 54.4 <c
Lane 4 = annealing temperature of 58.7 -
Lane 5 = annealing temperature of 60.8 -
Lane s = annealing temperature 0 62.9 -
Lane 7 = annealing temperature of 64.6 -

B: Restriction pattern of pPheA
Lanem = 100 bp DNA ladder
Lane 1 = /TmdII1/4/?11-digested pRSFDuet-1
Lane 2-5 = /lindI11A4/711-digested pPheA
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TAGGAATTATACGACTCACTATAGGGGAATTGT
GAGCGGATAACAATTCCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACC
ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATCCGAATTCGAGCTCGGCGCGC
AGCGGATAACAATTCCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACAT
ATGACATCGGAAAACCCGTTACTGGCGCTGCGAGAGAAAATCAGCGCGCTGGATGAAAAA
MTSENPLLAL REKISALDEHCK
TTATTAGCGTTACTGGCAGAACGGCGCGAACTGGCCGTCGAGGTGGGAAAAGCCAAACTG
LLALLAERRE LAVEVGKAKIL
CTCTCGCATCGCCCGGTACGTGATATTGATCGTGAACGCGATTTGCTGGAAAGATTAATT
LSHRPVRDID RERDLILETRIL./I
ACGCTCGGTAAAGCGCACCATCTGGACGCCCATTACATTACTCGCCTGTTCCAGCTCATC
TLGKAHHLDA HYITRLF%LI
ATTGAAGATTCCGTAT TAACTCAGCAGGCTTTGCTCCAACAACATCTCAATAAAATTAAT
IEDSVLT]%TTgALLQG%HLNKIN
CCGCACTCAGCACGCATCGC TCGGCCCCAAAGGTTCTTATTCCCATCTTGCGGCG
PHSARIAFLG PKGSYSHLAA
CGCCAGTATGCTGCCCGTCACTTTGAGCAATTCATTGAAAGTGGCTGCGCCAAATTTGCC
R(%YAARH FE%FIESGCAKFA
GATATTTTTAATCAGGTGGAAACCGGCCAGGCCGACTATGCCGTCGTACCGATTGAAAAT
DlFNOCVETGT% ADYAVVPI|l EN
ACCAGCTCCGGTGCCATAAACGACGTTTACGATCTGCTGCAACATACCAGCTTGTCGATT
T SSGAINDVY DLL(%_HTSLSI
GTTGGCGAGATGACGTTAACTATCGACCATTGTTTGTTGGTCTCCGGCACTACTGATTTA
VG EMTLIIDH CLLVSGTTD L
TCCACCATCAATACGGTCTACAGCCATCCGCAGCCATTCCAGCAATGCAGCAAATTCCTT
SSTIN TVYSHP %PFS%CSKFL
AATCGTTATCCGCACTGGAAGATTGAATATACCGAAAGTACGTCTGCGGCAAT GGAAAAG
NRYPHWKIEY TESTSAAMEK
GTTGCACAGGCAAAATCACCGCATGTTGCTGCGTTGGGAAGCGAAGCTGGCGGCACTTTG
VA_mQAKSPHVAALGSEAGGTL
T¢CGG GCAGGTACTGGAG%GTiAT'II;GAAGCAAATCAGCGACAAAACTTCAC%CG,’A:\TTT
GTGGTGTTGG%GCGTAAAGCCA'ITAACGTGTCTGATCRGGTI’C%GGCGAAAACCACGTI'G
VVLARKAINYV %A KT T L
W_AA&GGCGACCGGGCAACAAGCCGGLGCGC[G\(;'ITG GCG'I[I'G(&TG\(;TAETGFSIG(,?\IAAC
CACAATCTGA'ITATG%C&GTCTGGAATCACGCCCGATTCACGGTAATCCATGGGAAGAG
HNLIMTRTLES RPIHGNPWEE
ATGTTCTAITCTGGATATTCAGGCC AATCTTGAAT ¢ AGCGGAAATGCAAAAAGCAT TGAAA
MFYLDI&ANL ESAEM&KALK
GAGTTAGGGGAAATCACCCGTTCAATGAAGGTATTGGGCTGTTACCCAAGTGAGAACGTA
ELGEITRSMK VILGCYPSENYV
G\T/GCgTG\];FG%TC%AA%CT(EACTTAAGTCGAACAGAAAGTAAT

105

Figure 3.12 The nucleotide sequence and the deduced amino acid sequence of pheA
gene of recombinant plasmid pPheA. The T7 promoter, lac operator and ribosome
binding site are indicated in orange, blue and green, respectively. The restriction sites
Hindlll andAflll are shown by the underlined pink and red, respectively.



106

gene) could be inserted at Nool site in multiple cloning site-1 of pRSFDuet-1.
The recognition site of restriction endonuclease Ncol is C*CATGG. The 5'end of
aroB gene is ATGGAGAGGATTGTC.... Therefore, the forward primer (aroB-Afcol)
for amplifying this gene was 5'-CATGCACATGGAGAGGATTGTCGTTACTCTCG-
3. In case of inserting the other genes (i.e. aroL, glpF, pheA, phedh, ttA or yddG)
into Ncol site, it was needed to put nitrogenous base G after start codon in forward
primer to get the amplified fragment enabling to be digested with Ncol. Subsequently,
it would result in the frameshift mutation of that gene.

To clone aroB gene (1,089 bp) under lilac promoter of multiple
cloning site-1 of pRSFDuet-1 vector, the E coli TOP 10 chromosomal DNA digested
with BamHI was used as DNA template for aroB gene amplification. It was found
that the alteration of annealing temperatures in range of 58.5-66.6 °c did not change
the pattern of amplified PCR product. The dense specific band of 1.1 kb of aroB gene
was obtained. The PCR products were pooled and then purified. The 11 kb PCR
fragment was digested with Ncol and BamHI (Figure 3.13A; lane 1) as same
as pRSFDuet-1 (Figure 3.13A; lane 2) and then ligated together leading to pAroB
(4,883 bp) (Figure 2.4B). The obtained plasmid was introduced into E coli
BL21(DE3) and kanamycin-resistant colonies harbouring expected —genes-
incorporated pRSFDuet-1 were examined on agarose gel. Figure 3.13B showed
the restriction pattern of pAroB after cleaving with NCol and BamHI. It corresponded
to the calculated lengths of 3,792 bp and 1,091 bp from its restriction map.
The nucleotide sequence of aroB gene of pAroB clone verified by sequencing is
shown in Figure 3.14. The obtained sequence consisted of a 1,089 bp open reading
frame of aroB encoding a protein of 362 amino acid residues. The aroB nucleotide
sequence was absolutely similar (100% homology) to that of strain DH10B.

3.4.2 Cloning of tktA gene into pRSFDuet-1
To construct recombinant plasmid pTktA containing tkiA gene,
the gene was amplified from ftawH-digested E. coli TOP 10 chromosomal DNA with
different annealing temperatures. Each PCR condition gave the same approximately
2.0 kb fragment of tktA gene (Figure 3.15A). The gene fragment was cut with
restriction endonucleases Ndel and Xhol and inserted under lilac promoter-2 of
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Figure 3.13 Electrophoretic patterns of recombinant plasmid pAroB

A: Pettern of digested fragments
Lane m = 100 bp DNA ladder
Lane 1 = yVcol/ftawHI-digested PCR product of aroB gene
Lane 2 = Afcol/Sa/nHI-digested pRSFDuet-1

B: Restriction pattern of pAroB
Lanem = 100 bp DNA ladder
Lane I = Acol/RamHI-digested pRSFDuet-1
Lane 2-4 = Acol/ftamHI-digested pAroB
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ATTAATACGACTCACTAIAGGGGAATTGT
GAGCGGATAACAATTCCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATACC
ATGGAGAGGATTGTCGTTACTCTCGGGGAACGTAGTTACCCAATTACCATCGCATCTGGT
MERIVVTLGERS YPITIASG G
TTGTTTAATGAACCAGCTTCATTCTTACCGCTGAAATCGGGCGAGCAGGTCATGTTGGTC
LFNEPASFLPLKSGESVMLV
ACCAACGAAACCCTGGCTCCTCTGTATCTCGATAAGGTCCGCGGCGTACTTGAACAGGCG
ITNETLAPL YLDKVRGEG 8
GGTGTFAACGTCGATAGCG]TATCCTCCCTGACGGCGAGCAGTATAAAAGCCT GCTGTA
GV NVD V1 LPDGE Y K Vv
CTCGATACCGTC'I'ITACGGCGTTGTFACAAAAACCGCATG TCGCGATACTACGCTGGTG
LDTVETA % GRDTTLYV
GCGC'I'I'GGCGGCGGCGTAGTGGGCGAT TGACCGGCTI'CGCGGCGGCGAGTI'ATCAGCGC
ALGGGVVGEGDLTGEAAA 8
G((SBTGJCCGTTTCATTCAAGTCCCGACGFACGWACTGTCGCAGGTCGATFCCSTC GTEGGC
GGCAAAACTGCGGTC?\ACCATCCCCTCGGTAAAAACATGRTFGGCGCGTFCTACCAACCT
GKTAVNHPLGKNMIGAFYOGP
GCTTCAGTGGTGGTGGATCTCGACTGTCTGAAAACGCTTCCCCCGCGTGAGTTAGCGTCG
ASvVVVDLDCL KTLPPRETLAS
GGGCTGGCAGAAGTCATCAAATACGGCATTATTCTTGACGGTGCGTTTTTTAACTGGCTG
G LAEV IKYG] | L.DGAFFNWL
GAAGAGAATCTGGATGCGTTGTTGCGTCTGGACGGTCCGGCAATGGCGTACTGTATTCGC
EENLDALLRLDGPAMAYTCTIR
CGTTGTTGTGAACTGAAGGCAGAAGTTGTCGCCGCCGACGAGCGCGAAACCGGGTTACGT
RCCElKA%VVAA%}TERE TGL R
GCTTTACTGAATCTGGGACACACCTTTGGTCATGCCATTGAAGCTGAAATGGGGTATGGC
ALLNLGHTEFEGHAIEAEMGYG
AATTGGTTACATGGTGAAGCGGTCGCTGCGGGTATGGTGATGGCGGCGCGGACGTCGGM
NWLHG EAVAAGMVMAARTSE
CGRTCTCGGGCAGTTFAGTTCTGCCGAAACGCAGCGTA]TATA{-\CCLCTGLCTCKAA%CG%GCT
G%G'I'[AC%GG%AATGéSGCPCG%GC(EAAATG'PCCGCGCAGGCGTATI'I'/—})CCGHCA'IMAT(T‘_CTG
CGTGACAAGAAAGTCC'ITGCGGGAGAGATGCGCTTA%]TCTFCCG]TGGCAATFGGTAAG
RDKKVLAGEM RLILPLAIGK
AGTGAAGTTCGCAGCGGCGTTTCGCACGAGCTTGTTCTTAACGCCATTGCCGATTGTCAA
SEVRSGVSHELVLNAIADCQC
TCSAG(;A\GT/iAGGATCCGAATFCGAGCTCGGCGCGCCTGCAGGTCGACAAGCTFGCGGC GC
ATAATGCTTAAGTCGAAC
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Figure 3.14 The nucleotide sequence and the deduced amino acid sequence of aroB
gene of recombinant plasmid pAroB. The T7 promoter, lac operator and ribosome
binding site are indicated in orange, blue and green, respectively. The restriction sites
Nco\ and HindilW are shown by the underlined pink and red, respectively.
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Figure 3.15 Electrophoretic patterns of recombinant plasmid pTktA
A: PCR products of tktA gene using various annealing temperatures

Lane m =100 bp DNA ladder

Lane 1 = annealing temperature 0f ss.s °c
Lane 2 = annealing temperature of 60.7 °c
Lane 3 = annealing temperature 0f62.9 °c
Lane « = annealing temperature of 64.9 °c
Lane s = annealing temperature of e6.6 °c

B: Restriction pattern of pTktA
Lane m 100 bp DNA ladder
Lane I = AWel/ATjol-digested pRSFDuet-1
Lane 2.5 = Ndelixhol-digested PTKtA
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PRSFDuet-1 to create pTktA (5,767 bp) (Figure 2.5A). This recombinant was
transformed into E coli BL21(DE3) and screened on agarose gel. After excision of
pTktA with Ndel and Xho\, the restriction fragments of 3,773 bp and 1,994 bp were
generated (Figure 3.15B). The sequence of tktA gene was investigated by sequencing.
The nucleotide sequence of tktA gene is shown in Figure 3.16. The obtained sequence
consisted of a 1,992 bp open reading frame of tkiA encoding a protein of 663 amino
acid residues. The tktA nucleotide sequence showed 100% homology to that of strain
DH10B.

3.4.3 Cloning ofglpF gene into pRSFDuet-1

The recombinant plasmid pGIpF was produced by the insertion of glpF
gene (846 bp) under lilac promoter-2 of pRSFDuet-1. The gIpF gene fragment was
amplified from SomF11-digested chromosomal DNA of E coli TOP 10. After varying
annealing temperatures of PCR reaction ranging from 49.5 °c onwards, it was found
that an increase in annealing temperature effected on the intensity of 0.85 kb target
product (Figure 3.17A). The higher annealing temperature caused the less dense
specific band of gIpF gene. The annealing temperature was greater than 60 °c
resulting in no desired band product. The target fragment was harvested and cut with
Nae\ and Pac\. The gIpF fragment was incorporated into pRSFDuet-1 vector by
ligase activity to give pGIpF (4,550 bp) (Figure 2.5B). This recombinant plasmid was
introduced into E coli BL21(DE3). After selection of recombinant clone, the plasmid
was digested with N0\ and Pad and the inserted fragment of 852 bp was removed
from that of the original plasmid pRSFDuet-1 (3,698 bp) (Figure 3.17B).
The nucleotide sequence of gIpF gene of pGIpF verified by sequencing is shown in
Figure 3.18. The obtained sequence consisted of an 846 bp open reading frame of
glpF encoding a protein of 281 amino acid residues. The nucleotide sequence of glpF
gene from TOP 10 was absolutely consistent with that from DH10B.

3.5 Cloning ofglpF and glpK genes into pRSFDuet-1 vector

Primarily, the gIpK gene was not considered to be combined with other seven
genes (aroB, aroL, glpF, pheA, phedh, tA and yddG) in single pRSFDuet-1 vector.
From the reasonable design of pPTFBLYA in Figure 3.4, there was no available
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CACTATAGGGGAATTG
ATGTCCTCACGTAAAGAGCTTGCCAATGCTATTCGTGCGCTGAGCATGGACGCAGTACAG
MSSRKELANAI RALSMDAY é%
AAAGCCAAATCCGGTCACCCGGGTGCCCCTATGGGTATGGCTGACATTGCCGAAGTCCTG
KAKSGHPGAPMGMADIAEVL
TGGCGTGATTTCCTGAAACACAACCCGCAGAATCCGTCCTGGGCTGACCGTGACCGCTTC
WR DFLKHN P q_ NPSWAUDRDRE
GTGCTGTCCAACGGCCACGGCTCCATGCTGATCTACAGCCTGCTGCACCTCACCGGTTAC
VLSNGHGSMLIYSLLHLTGY
GATCTGCCGATGGAAGAACTGAAAAACTTCCGTCAGCTGCACTCTAAAACTCCGGGTCAC
DLPMEELKNFROLHSKTPGH
CCGGAAGTGGGTTACACCGCTGGTGTGGAAACCACCACCGGTCCGCTGGGTCAGGGTATT
PEVGY TAGVETTTGPLG gA G |
GCCAACGCAGTCGGTATGGCGATTGCAGAAAAAACGCTGGCGGCGCAGTTTAACCGTCCG
ANAVGMALI AE KT LAA (% FNRP
GGCCACGACATTGTCGACCACTACACCTACGCCTTCACGGGCGACGGCTGCATGATGGAA
GHDIVDHY TYAFMGDGCMME
GGCATCTCCCACGAAGTTTGCTCTCTGGCGGGTACGCTGAAGCTGGGTAAACTGATTGCA
Gl SHEVCS LAGTLKLGKTLIA
TTCTACGATGACAACGGTATTTCTATCGATGGTCACGTTGAAGGCTGGTTCACCGACGAC
FYDDNGI | DGHVEGWETDD
ACCGCAATGCGTTTCGAAGCTTACGGCTGGCACGTTATTCGCGACATCGACGGTCATGAC
TAMRFEAY GWHVYIRDIDGHTD
GCGGCATCTATCAAACGCGCAGTAGAAGAAGCGCGCGCAGTGACTGACAAACCTTCCCTG
AASIT KRAV EEARAVTDKPSL
CTGATGTGCAAAACCATCATCGGTTTCGGTTCCCCGAACAAAGCCGGTACCCACGACTCC
LMCKTI1TGFGSPNKAGTHTDS
CACGGTGCGCCGCTGGGCGACGCTGAAATTGCCCTGACCCGCGAACAACTGGGCTGGAAA
HGAPLGDAEI ALTRE % LG WK
TATGCGCCGTTCGAAATCCCGTCTGAAATCTATGCTCAGTGGGATGCGAAAGAAGCAGGC
YAPFEIPS EI YA 8 WDAKEAG
CAGGCGAAAGAATCCGCATGGAACGAGAAATTCGCTGCTTACGCGAAAGCTTATCCGCAG

QAK ESAWN EK FAAYAKAYTP SLNA
GAAGCCGCTGAATTTACCCGCCGTATGAAAGGCGAAATGCCGTCTGACTTCGACGCT,
EAAEFTRRMKGEMPSDTFDAK
GCGAAAGAGTTCATCGCTAAACTGCAGGCTAATCCGGCGAAAATCGCCAGCCGTAAAGCG
AKEFILIAKTL 93 ANPAKIASRKA
TCTCAGAATGCTATCGAAGCGTTCGGTCCGCTGTTGCCGGAATTCCTCGGCGGTTCTGCT
S ? NAI'EAFGP LLPEFLGGS A
GACCTGGCGCCGTCTAACCTGACCCTGTGGTCTGGTTCTAAAGCAATCAACGAAGATGCT
DLAPSNLT LW SGSKAINETDA
GCGGGTAACTACATCCACTACGGTGTTCGCGAGTTCGGTATGACCGCGATTGCTAACGGT
AGNYI|IHYGVREFGMTAIANSGSG
ATCTCCCTGCACGGTGGCTTCCTGCCGTACACCTCCACCTTCCTGATGTTCGTGGAATAC
| SLHGGF L PY TSTFEFLMFVEY
GCACGTAACGCCGTACGTATGGCTGCGCTGATGAAACAGCGTCAGGTGATGGTTTACACC
ARNAVRMAALMKQRQVMVYT

(continued)

Figure 3.16 The nucleotide sequence and the deduced amino acid sequence of tktA
gene of recombinant plasmid pTktA. The lac operator and ribosome binding site are
indicated in blue and green, respectively. The restriction sites Ndel and Xho\ are
shown by the underlined pink and red, respectively.
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CACGACTCCATCGGTCTGGGCGAAGACGGCCCGACTCACCAGCCGGTTGAGCAGGTCGCT
HDSI1GLGEDGEPT H ?_ PV E T%% V_A
TCTCTGCGCGTAACCCCGAACATGTCTACATGGCGTCCGTGTGACCAGGTTGAATCCGCG
SLRVTPNMST WRPCD % VESA
GTCGCGTGGAAATACGGTGTTGAGCGTCAGGACGGCCCGACCGCACTGATCCTCTCCCGT
VAWKY GVER _%% DGPTALILSTR
CAGAACCTGGCGCAGCAGGAACGAACTGAAGAGCAACTGGCAAACATCGCGCGCGGTGGT
2 NLAGO ? ERTE E %_ LANIARGG
TATGTGCTGAAAGACTGCGCCGGTCAGCCGGAACTGATTTTCATCGCTACCGGTTCAGAA
Y VLKDCAG 8 P ELIFIATGSE
GTTGAACTGGCTGTTGCTGCCTACGAAAAACTGACTGCCGAAGGCGTGAAAGCGCGCGTG
VELAVAAY EK LTAEGVKARY
GTGTCCATGCCGTCTACCGACGCATTTGACAAGCAGGATGCTGCTTACCGTGAATCCGTA
VSMPSTDAFD K SL\D AA_YR ESV
CTGCCGAAAGCGGTTACTGCACGCGTTGCTGTAGAAGCGGGTATTGCTGACTACTGGTAC
LPKAVIARVAVEAGIADY WY
AAGTATGTTGGCCTGAACGGTGCTATCGTCGGTATGACCACCTTCGGTGAATCTGCTCCG
KYVGLNGAXYVY GMTT FGESATP
GCAGAGCTGCTGTTTGAAGAGTTCGGCTTCACTGTTGATAACGTTGTTGCGAAAGCAAAA
AELLEFEEEFGFETVDNVYYVAKAK
GéACEGCEGTQACTCGAGTCTGGTAAAGAAACCGCTGCTGCGAAATTTGAACGCCAGCAC
ATGGACTCGTCTACTAGCGCAGCTTAATAGCT
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Figure 3.16 The nucleotide sequence and the deduced amino acid sequence of tktA
gene of recombinant plasmid pTktA. The lac operator and ribosome binding site are
indicated in blue and green, respectively. The restriction sites Ndel and Xhol are
shown by the underlined pink and red, respectively.
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Figure 3.17 Electrophoretic patterns of recombinant plasmid pGIpF
A: PCR products of gIpF gene using various annealing temperatures

Lane m = 100 bp DNA ladder

Lane 1 = annealing temperature of 49.5 °c
Lane 2 = annealing temperature 0f51.3 °c
Lane 3 = annealing temperature of 53.4 °c
Lane 4 = annealing temperature of s5.6 °c
Lane 5 = annealing temperature of 57.8 °c

B: Restriction pattern of pGlpF
Lanem = 100 bp DNA ladder
Lane I = AWel/Pacl-digested pRSFDuet-1
Lane 2-3 = Afafel/Pocl-digested pGIpF
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TATAGGGGAATTG
TGAGCGGATAACAATTCCCCATCTTAGTATATTAGTTAAGTATAAGAAGGAGATATA'AT
ATGAGTCAAACATCAACCTTGAAAGGCCAGTGCATTGCTGAATTCCTCGGTACCGGGTTG
MS_[QCTSTLKG%CIAEFLGTGL
TTGATTTICTTCGGTGTGGGTTGCGTTGCAGCACTAAAAGTCGCTGGTGCGTCTTTTGG?
LIFFGVGCVAALKVAGASTESG
CAGTGGGAAATCAGTGTCATTTGGGGACTGGGGGTGGCAATGGCCATCTACCTGACCGCA
8WE | SVIWGLGVAMAILYLTA
GGGGTTTCCGGCGCGCATCTTAATCCCGCTGTTACCATTGCATTGTGGCTGTTTGCCTGT
GVSGAHLNPAVTIALWLTEAC
TTCGACAAGCGCAAAGTTATTCCTTTTATCGTTTCACAAGTTGCCGGCGCTTTCTGTGCT
FDKRKVI PFIVS%VAGAFCA
GCGGCTTTAGTTTACGGGCTTTACTACAATTTATTITTCGACTTCGAGCAGACTCATCAC
AALVYGLYYN LFFDFEXTHH
ATTGTTCGCGGCAGCGTTGAAAGTGTTGATCTGGCTGGCACTTTCTCTACTTACCCTAAT
| VRGSVESVDLAGTEFSTYPN
CCTCATATCAATTTTGTGCAGGCTTTCGCAGTTGAGATGGTGATTACCGCTATTCTGATG
P H INFV%AFAVEMVITAILM
GGGCTGATCCTGGCGTTAACGGACGATGGCAACGGTGTACCACGCGGCCCTTTGGCTCCC
GLILALTDDGNGVPRGPLATP
TTGCTGATTGGTCTACTGATTGCGGTCATTGGCGCATCTATGGGCCCATTGACAGGTTTT
LLIGLLI AV GASMGPLT®GFEF
GCCATGAACCCAGCGCGTGACTTCGGTCCGAAAGTCTTTGCCTGGCTGGCGGGCTGGGGC
AMNPARDFGP KVFAWLAGWSEG
AATGTCGCCTTTACCGGCGGCAGAGACATTCCTTACTTCCTGGTGCCGCTTTTCGGCCCT
NVAFTGGRD.I PYFLVPLFGTP
ATCGTTGGCGCGATTGTAGGTGCATTTGCCTACCGCAAACTGATTGGTCGCCATTTGCCT
| VG AIVGAFAYRKTLIGRHLEP
TGCGATATCTGTGTTGTGGTLAGAAAAGGAAACCACAACTCCTTCAGAACAAAAAGCTTCG
cbI1ICVVEEKE TTTPSEQKAS
CTETA;A\TAA]TAACC
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Figure 3.18 The nucleotide sequence and the deduced amino acid sequence of glpF
gene of recombinant plasmid pGIpF. The lac operator and ribosome binding site are
indicated in blue and green, respectively. The restriction sites Ndel and Pac\ are
shown by the underlined pink and red, respectively.
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recognition site for addition of another gene in both multiple cloning sites of
PRSFDuet-1 Nevertheless, it was found that the gIpFKX operon of E coli genome
comprising of the organization of three genes (gIpF encoding glycerol facilitator,
0lpK encoding glycerol kinase and glpX gene encoding fructose 1se-hisphosphatase
I1) as shown in section 2.13. The simple manner to add gIpK gene in pRSFDuet-1
vector was to clone both glpF and glpK in the same time (designated as gIpFK gene).
The gIpFK gene was the 2,377 bp DNA fragment containing QIpF gene (846 bp)
upstream of QIpK gene (1,509 bp). Like the construction of pGIpF, the gIpFK gene
was inserted between Ndel and Pacl sites of pRSFDuet-1 to produce recombinant
plasmid pGIpFK. Chromosomal DNA of E coli TOP10 digested with BamUI that
was used for amplifying previous genes (i.e. aroB, aroL, glpF, pheA, tkA and yddG)
was not capable for amplifying this region because BamYll could cleave the glpK gene
at location of 431 bp. Alternatively, the template was prepared by cutting the
chromosomal DNA with Xhol. The amplification of glpFK gene was accessed using
primers glpF-AWel and glpK-Pacl. The forward primer (glpF-MM) bound to
5'-terminus of §IpF and the reverse primer (glpK-Pad) bound to 3'-terminus of glpK
gene. The PCR amplification was done with one annealing temperature of 50 °c. The
result from separation of PCR product on agarose gel electrophoresis is shown in
Figure 3.19A. The sharp band fragment of approximately 2.4 kb containing both glpF
and QIpK genes was appeared when illuminated with uv light. This product was
collected, cloned into pRSFDuet-1 vector at Ndel and Pacl sites resulting in pGIpFK
(6,081 bp) (Figure 2.6A) and transformed into E coli BL21(DE3). After selection on
agarose gel, the pGIpFK was digested with appropriate restriction enzyme £coRV.
As shown in Figure 3.19B, the two DNA fragments of 5,792 bp and of 289 bp were
found because gIpFK gene contained two cleavage sites of ECORW. The nucleotide
sequence of QIDFK gene of pGIpFK was evaluated by DNA sequencing. Because
0lpFK gene was rather long, after getting the gene sequence at 5™-end, this sequence
was used for generating glpF-[674-700] primer to continue sequencing the internal
fragment which could not be sequenced by DuetUP2 and T7 Terminator primers.
The whole nucleotide sequence of gIpFK gene is shown in Figure 3.20. The obtained
sequence consisted of two open reading frames of glpF (846 bp) and glpK (1,509 bp)
which encode proteins of 281 and 502 amino acid residues, respectively.
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Figure 3.19 Electrophoretic patterns of recombinant plasmid pGlpFK.
The arrow indicated the digested fragment of 289 bp.
A: PCR products of glpFK gene
Lanem = 100 bp DNA ladder
Lane 1-2 = annealing temperature of so°c
B: Restriction pattern of pGlpFK
Lanem = 100 hp DNA ladder
Lane 1-4 = ECORV-digested pGlpFK
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ATAGGGGAAITG
TGAGCGGATAACAATTCCCCATCTTAGTATATTAGTT AAGTATAAGAAGGAGATATAA!
ATGAGTCAAACATCAACCTTGAAAGGCCAGTGCATTGCTGAATTCCTCGGTACCGGGTTG
M T L KG e TAFFLGTGOL
TTGATTTTCTICGGTGTCGGTTGCGTTGCAGCACTAAAAGICGCTCGTGCGTCTTTTGET
Ul P R CY G VA AL R A G
CAGTGGGAAATCAGTGTCATTTGGGGACTECACETCGCAITCGCCATCTACCTGACCGCA
e R TV A A T Y T TR
GOGGTTTCCGGCCCCCATCTTAATCCOGCTGTTACCATTGCATTGTGGCTGTTTGOCTGT
CV S CAR L NPA VT T AL L ERC
TICGACAAGCGCAAAGTTATTCCTTTTATCGTITCACAAGTTGCCGGCGCTTTCTGIGET
DR Ry L e VARG A F R
GCGGCTTTAGTTTACGGGCTTTACTACAATTTATTTTTCGACTTCGAGCAGACTCATCAC
AALY YELY YNL B EDITES
ATTGTTCGCGGCAGCGTTGAAAGTGTTGATCTGGCTGGCACTTTCTCTACTTACCCTAAT
VRSV B SN D LA e T T YN
CCTCATATCAATTTTGTGCAGGCTTTCGCAGTTGAGATGGTGATTACCGCTATTCTGATG
P NPT GA B AN WY LT AL L
GGGCTGATCCTGROGTT AACGGACGATGGCAACGGTGTACCACGOGGCCCTTTRGETCR
C T LALTDD CN-GVPRGELAD
TTGCTGATTGGTCTACTGATTCCGGTCATTGGCGCATCTATGGGCCCATTGACAGGTTTT
AR S e S A R N S A N
GCCATGAACCCAGCGCGTGACTTCOGTCOGARAGTCTTIGOCTGRCTCR0GE6CTGR6RC
K MNE AR D E G PK NV FA TR
AATGTCGOCTTTACCGGCGGCAGAGACATTCCTTACTTCCTGGTGCCECTTTTCGG0CCT
N VA ET G RDIE YECVELEGS
ATCGTTGGOGOGATTGTAGGTGCATTTCCCTACCGCAAACTGATTGGTCGECATTTGCCT
XV G AT N R E RN R K LT G R LLp
TGCGATATCTGTGTTGTCGAAGAAAAGGAAACCACAACTCCTTCAGAACAAAAAGCTTCG
CDI CVVEEKE T E 0K A 3
CISTAATATGACTACGEGACAATTANACATCACTCAAARARATATATOSTTGCGCTCCA
CCAGGGCACCACCAGCTCC0G0GCCGTCTAATGGATCACGATGCCAATATCATTAGCGT
QG LTS RAVY UMD HDE NI 1 S
GTCGCAGCECGAATTTACCARATCT ACCCAAAACCAGGTTCGG TAGAACACGACCCAAT
SRREFEQLY B oKFCWVEH Db
CGAMTCTEGG0CACCCARAGCTCCACGCTAGTAGAGTCCTGGCGAAGCCGATATCAG
WA T O s s 1 LV EV IR TKA DS
TTCCGATCAAATTGCAGTTATCRGTATTACGAACCAGCGTGAAACCACTATTGTCTGAGA
D QT AKX "W NQRE T VIWE
aaaagaaacc caaqgcctatctataac cattgtct cagtgccgtcgtaccqgcaga
B R YRR ngg\ CORRIT R
AATCTGOGAGCATTTAAMCGTGACGGTTTAGAAGATTATATCCGCAGCAATACCGGTCT
FCERLKRDGL TED YT RENTEL
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Figure 3.20 The nucleotide sequence and the deduced amino acid sequence of glpFK
gene of recombinant plasmid pGIpFK. The lac operator and ribosome binding site are
indicated in blue and green, respectively. The restriction sites Ndel and Pacl are
shown by the underlined pink and red, respectively. The nucleotide sequences and the
deduced amino acid sequences of glpF and glpK genes are indicated in brown and
purple, respectively.
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(continued)
1261 GGTGATTGACCCGTACTTTTCTGGCACCAAAGTGAAGTGGATCCTCGACCATGTGGAAGG
VI DPYF G.T KV K | LDHVEG
1321 CTCTCGCGAGCGTGCACGTCGTGGTGAATTGCTGTTTGGTACGGTTGATACGTGGCTTAT
SRERARRGETLLEFGTYV T L |
1381 CTGGAAAATGACTCAGGGCCGT GTCCAT: a4 e « GATTACACCAACGCCTCTCGTACCAT
KMTQ[GRVHVTDYTNA RTM
1441 GTTGTTCAACATCCATACCCTGGACTGGGACGACAAAATGCTGGAAGTGCTGGATATTCC
L FNIHTLDW DDKMLEVLDI é)
1501 GCGCGAGATGCTGCCAGAAGTGCGTCGTTCTTCCGAAGTATACGGTCAGACTAACATTG
REMLP EVRR SEVYG%TNIG
1561 CGGCAAAGGCGGCACGCGTATTCCAATCTCCGGGATCGCCGGTGACCAGCAGGCCGCGCT
GKGGTRI P GIAGDSRAAL
1621 GTTTGGTCAGTTGTGCGTGAAAGAAGGGAT GGCGAAGAACACCTATGGCACTGGCTGCTT
FGTOGLCVKEGMAKNTYGTGCF
1681 TATGCTGATGAACACTGGCGAGAAAGCGGTGAAATCAGAAAACGGCCTGCTGACCACCAT
MLMNTGEKAVY KSENGLLTT.I
1741 CGCCTGCGGCCCGACTGGCGAAGTGAACTATGCGTTGGAAGGTGCGGTGTTTATGGCAGG
ACGPTG EVN Y ALEGAVFMAG
1801 CGCATCCATTCAGTGGCTGCGCGATGAAATGAAGTTGATTAACGACGCCTACGATTCCGA
ASIOCWLRDEM KLINDAYDSE
1861 ATATTTCGCCACCAAAGTGCAAAACACCAATGGTGTGTATGTGGTTCCGGCATTTACCGG
YFATKV8NTN CGVYVVPAFETG
1921 GCTGGGTGCGCCGTACTGGGACCCGTATGCGCGCGGGGCGATTTTCGGTCTGACTCGTGG
LGAPYWDPYARGAIFGLTRGEG
1981 GGTGAACGCTAACCACATTATACGCGCGACGCTGGAGTCTATTGCTTATCAGACGCGTGA
VNANHI | RAT LESIAY8TRD
2041 CGTGCTGGAAGCGATGCAGGCCCACTCTGGTATCCGTCTGCACGCCCTGCGCGTGGATGE
VL EAMOQADS G IRLHALRVDEGEG
2101 TGGCGCAGTAGCAAACAATTTCCTGATGCAGTTCCAGTCCGATATTCTCGGCACCCGCGT
GCAVAN NFLM% FQrSDILGTRV
1261 TGAGCGCCCGGAAGTGCGCGAAGTCACCGCATTGGGTGCGGCCTATCTCGCAGGCCTGGC
ERPEVREVTI ALGAAYLAGLA
2221 GGTTGGCTTCTGGCAGAACCTCGACGAGCTGCAAGAGAAAGCCGTGATTGAGCGCGAGTT
VGFW%AANLDE L 8EKAVI. ERE F
2281 CCGTCCAGGCATCGAAACCACTGAGCGTAATTACCGTTACGCAGGCTGGAAAAAAGCGGT

RPGIETTERNVYRYAGWEKI KAV
2341 TAAACGCGCGATGGCGTGGGAAGAACACGACGAATAATAATTAA
KRAMAWEEHTDE*™*

Figure 3.20 The nucleotide sequence and the deduced amino acid sequence of glpFK
gene of recombinant plasmid pGIpFK. The lac operator and ribosome binding site are
indicated in blue and green, respectively. The restriction sites Ndel and Pacl are
shown by the underlined pink and red, respectively. The nucleotide sequences and the
deduced amino acid sequences of glpF and glpK genes are indicated in brown and
purple, respectively.



The nucleotide sequences of glpFK gene from TOP 10 and DH10B were in good
agreement with 100% identity.

3.6 Expression of recombinant plasmids pAroB, pAroL, pGlpF,

pPheDH, pPheA, pTktA, pYddG and pGIpFK in E. coliBL21(DE3)

The expression of individual AroB, AroL, GlpF, PheA, PheDH, TktA, YddG
and GIpK proteins under the control of the Tllac promoter in each recombinant
E. coli was evaluated by SDS-PAGE analysis (Figure 3.21). E. coli BL21(DE3)
harbouring parental plasmid, pRSFDuet-1, was used as a control (lane 1). It was
disclosed that AroB, AroL, PheA, PheDH, TktA, and GIpK proteins (lane 2-3, 57
and 9) could be clearly individually expressed in each genetically modified E. coli
BL21(DE3) by IPTG induction. SDS-PAGE analysis remarkably showed the relevant
intense protein bands of AroB, AroL, PheA, PheDH, TktA, and GlpK after 3 h
induction at the apparent molecular weights of approximately 39, 19, 43, 42, 73 and
57 kDa, respectively. These values were consistent with the theoretical molecular
weights of 38,881, 19,151, 43,111, 41,330, 72,212 and 56,231 Da estimated from
deduced amino acid sequences of each protein deposited in GenBank databases by
using the ProtParam tool (http://web.expasy.org/protparam/). The calibration curve
for determination of protein molecular weight is shown in Appendix J. These six
proteins were synthesized in cytoplasm and their amounts were sufficient to be
detected on Coomassie Brilliant Blue stained SDS-PAGE gel. In contrast,
the membrane proteins YddG and GIpF synthesized were embedded in cell membrane
and their amounts in membrane fractions were insufficient to be detected on gel
stained with Coomassie Blue (lane 4, s and 9). Their expressions could be determined
indirectly by evaluation of an increase in L-Phe production of engineered E. coli
containing relevant gene combination.

3.7 Subcloning of genes combined with phedh in a single vector

To successfully attain pPTFBLYA as shown in Figure 3.4, each gene had to be
sequencely placed on pRSFDuet-1 to avoid the cleavage of restriction enzymes at
improper locations on backbone recombinant plasmid. The insertion of genes
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Figure 3.21 SDS-PAGE of whole cell extracts of recombinant E. coli BL21(DE3)
carrying each gene after induction with 1mM IPTG for 3 h
Lane M = protein molecular weight marker
Lane I = E cou BL2L(DE3)/pRSFDuet-|
Lane2 = E cou BL2LDE3)/pAroB
Lane3 = E con BL21(DE3)/pAroL
Lane4d =E con BL2L(DE3)/pGIpF
Lane5 =E cou BL21(DE3)/pPheA
Lanee = E con BL21(DE3)/pPheDH
Lane7 = E con BL2L(DE3)/pTktA
Lanes = E con BL2L(DE3)/pYddG
Lane9 = E cou BL2L(DE3)/pGIpFK
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in multiple cloning site-2 of pRSFDuet-1 was carried out first followed by the
insertion of genes in multiple cloning site-1. Every single gene (i.e. IKiA glpF, aroB,
aroL, yddG and pheA genes) was added to previous constructed plasmid pPheDH one
by one to produce recombinant plasmids pPT, pPTF, pPTFB, pPTFBL, pPTFBLY
and pPTFBLYA.

3.7.1 Cloning oftktA gene into arecombinant plasmid pPheDH

To generate recombinant plasmid pPT containing phedh and tktA,
the DNA fragment containing the ttA gene with its own T7/ac promoter was
amplified using the plasmid pTktA as template and a pair of specific primers
T7-£coRV and tktA-A7?0l was used. As shown in Figure 3.22A, all annealing
temperatures gave strong band of 2.1 kb together with smear tail at lower size. After
recovering the desired fragment from the gel, it was cleaved with Xhol and ligated
into the vector pPheDFI (4,955 bp) digested with ECOKV and Xhol to construct pPT
(7,021 bp) in which the ttA gene fragment was placed downstream of phedh gene as
shown in Figure 2.6B. The digestion fragments of 2,101 bp (insert DNA) and 4,920
bp (vector DNA) for ligation were run on agarose gel to determine purity as shown in
Figure 3.22B. Plasmid pPT was then transformed into E coli BL21(DE3), confirmed
the correct insertion by digestion and sequencing. The nucleotide sequence of tktA
gene including its l1lac promoter and ribosome binding site is shown in Figure 3.23.
This obtained sequence has 100% match against the nucleotide sequence of tktA gene
from E coli DH10B, the lilac promoter and ribosome binding site from
pRSFDuet-1. This pPT was used as a cloning vector for further insertion of glpF
gene.

3.7.2 Cloning ofglpF gene into arecombinant plasmid pPT
Using pGIpF as template, PCR amplification of the gIpF gene preceded by
the lilac promoter fragment of 961 bp was conducted using sense 11-Xhol and
antisense glpF-Pacl primers. It was found that all annealing temperatures gave
the intense band of roughly 0.97 kb (Figure 3.24A). Subsequently, this PCR product
was harvested and inserted between Xhol and Pacl sites linking to stop codon of tktA
gene of plasmid pPT yielding plasmid pPTF (7,907 bp) containing phedh, tktA and
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Figure 3.22 Electrophoretic patterns of recombinant plasmid pPT
A: PCR products of tktA preceded by Tuac promoter (tktA gene
fragment) using various annealing temperatures
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B: Pattern of digested fragments
Lane m = 100 bp DNA ladder

Lane 1 = ATiol-digested PCR product of tktA gene fragment

Lane 2 = £coRVZY7zol-digested pPheDH
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GGCAGACAGCTTGCAGACAAAGGCATTCTGTATGCTCCGGAT
TATATTGTTAACTCTGGCGGTCTGATCCAAGTAGCCGACGAATTGTATGAGGTGAACAAA
GAACGCGTGCTTGCGAAGACGAAGCATATTTACGACGCAATTCTTGAAGTGTACCAGCAA
GCGGAATTAGATCAAATCACCACAATGGAAGCAGCCAACAGAATGTGTGAGCAAAGAATG
GCGGCAAGAGGCCGACGCAACAGCTTCTTTACTTCTTCTGTTAAGCCAAAATGGGATATT
CGCAACTAAGATATCACGGCCGCATAATCGAAAT TAATACGACTCACTATAGGGGAATTG
TGAGCGGATAACAATTCCCCATCTTAGTATATTAGTTAAGTATAAGAAGGAGATATACAT
AIIAGTCCTCACGTAAAGAGC]TGCCA/,-\\ITGCTATTCGTGCAGCTEAGCATI\%SGACGCAGTACAG
AAAGCCAAATCCGGTCACCCGGGTGCCCCTATGGGTATGGCTGACATTGCCGAAGTCCTG
KAKSGHPGAPMGMADIAEVL
TGGCGTGATTTCCTGAAACACAACCCGCAGAATCCGTCCTGGGCTGACCGTGACCGCTTC
WRDFLKHNP8NPSWADRDRF
GTGCTGTCCAACGGCCACGGCTCCATGCTGATCTACAGCCTGCTGCACCTCACCGGTTAC
VLSNGHGSML | YSLLHLTGY
GATCTGCCGATGGAAGAACTGAAAAACTTCCGTCAGCTGCACTCTAAAACTCCGGGTCAC
DLPM EELKNFRXLHSKTPGH
CCGGAAGTGGGTTACACCGCTGGTGTGGAAACCACCACCGGTCCGCTGGGTCAGGGTATT
PEVGYTAGVE TTTGPLG%AGI
GCCA@CGCAGTCGGTAI'\I'AGGCGATTGCAGAAAAAACGCTGGCGGCGCAGTI'T CCGTCCG
GGCCACGACATTGTCGACCACTACACCTACGCCTTCACGGGCGACGGCTGCATGATGGAA
GHDIVDHY TY AFMGDGCMME
GGCATCTCCCACGAAGTTTGCTCTCTGGCGGGTACGCTGAAGCTGGGTAAACTGATTGCA
GISHEVCSLAGTLKLGKTLIA
TTCTACGATGACAACGGTATTTCTATCGATGGTCACGTTGAAGGCTGGTTCACCGACGAC
FY DDNGI | DGHVEGWEFTDD
ACCGCAATGCGTTTCGAAGCTTACGGCTGGCACGTTATTCGCGACATCGACGGTCATGAC
TAMRFEAY GWHVIRDIDGHD
GCGGCATCTATCAAACGCGCAGTAGAAGAAGCGCGCGCAGTGACTGACAAACCTTCCCTG
AASITKRAVEEARAVTDIKPSIL
CTGATGTGCAAAACCATCATCGGTTTCGGTTCCCCGAACAAAGCCGGTACCCACGACTCC
L MCKTIIGFGSPNEKAGTHDS
CACGGTGCGCCGCTGGGCGACGCTGAAATTGCCCTGACCCGCGAACAACTGGGCTGGAAA
HGAPLGDAFE. ALTREgL G WK
TATGCGCCGTTCGAAATCCCGTCTGAAATCTATGCTCAGTGGGATGCGAAAGAAGCAGGC
Y APFEIPSEI YA%WDAKEAG
CAGGCGAAAGAATCCGCATGGAACGAGAAATTCGCTGCTTACGCGAAAGCTTATCCGCAG
QAKESAWN EK FAAYAKAYPRQ
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Figure 3.23 The nucleotide sequence and the deduced amino acid sequence of tktA
gene of recombinant plasmid pPT. The nucleotide sequence of phedh gene at
upstream of tktA gene is indicated in purple. The T7 promoter, lac operator, ribosome
binding site are indicated in orange, blue and green, respectively. The restriction sites
EcoRV and Xhol are shown by the underlined pink and red, respectively.
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GAAGCCGCTGAATTTACCCGCCGTATGAAAGGCGAAATGCCGTCTGACTTCGACGCTAAA
EAAEFTRRMK GEMPSDEFDAK
GCGAAAGAGTTCATCGCTAAACTGCAGGCTAATCCGGCGAAAATCGCCAGCCGTAAAGCG
AKEFIAKL % A NPAKIASRKA
TCTCAGAATGCTATCGAAGCGTTCGGTCCGCTGTTGCCGGAATTCCTCGGCGGTTCTGCT
S ? NAITEAFGP LLPEFLGGSA
GACCTGGCGCCGTCTAACCTGACCCTGTGGTCTGGTTCTAAAGCAATCAACGAAGATGCT
DLAPSNLT LW SGSKAINETDA
GCGGGTAACTACATCCACTACGGTGTTCGCGAGTTCGGTATGACCGCGATTGCTAACGGT
AGNYIHYGVR EFGMTAILIANG
ATCTCCCTGCACGGTGGCTTCCTGCCGTACACCTCCACCTTCCTGATGTTCGTGGAATAC
| SLHGGFL PY TSTELMEFVEY
GCACGTAACGCCGTACGTATGGCTGCGCTGATGAAACAGCGTCAGGTGATGGTTTACACC
ARNAVREMAAL MK 95 R % VMV YT
CACGACTCCATCGGTCTGGGCGAAGACGGCCCGACTCACCAGCCGGTTGAGCAGGTCGCT
HDSIGLGE DG _PTH 8% PV E 8 V A
TCTCTGCGCGTAACCCCGAACATGTCTACATGGCGICCGTGTGACCAGGTTGAATCCGCG
SLRVTPNM ST WRPCD q_ VESA
GTCGCGTGGAAATACGGTGTTGAGCGTCAGGACGGCCCGACCGCACTGATCCTCTCCCGT
VAWKYGVE R(g DGPTALILS SR
CAGAACCTGGCGCAGCAGGAACGAACTGAAGAGCAACTGGCAAACATCGCGCGCGGTGGT
C} NLA S& (% ERV/E\ E ? LANIARGG
TATGTGCTGAAAGACTGCGCCGGTCAGCCGGAACTGATTTTCATCGCTACCGGTTCAGAA
Y VL KDC CAG QVJQAA ELIFIATGSE
GTTGAACTGGCTGTTGCTGCCTACG CTGACTGCCGAAGGCGTGAAAGCGCGCGTG
VELAVAAY EK LTAEGVKARYV
GTGTCCATGCCGTCTACCGACGCATTTGACAAGCAGGATGCTGCTTACCGTGAATCCGTA
VSMPSTDA FED K A% DAAYRESYV
CTGCCGAAAGCGGTTACTGCACGCGTTGCTGTAGAAGCGGGTATTGCTGACTACTGGTAC
LPKAVITARVAVEAGIADYWY
AAGTATGTTGGCCTGAACGGTGCTATCGTCGGTATGACCACCTTCGGTGAATCTGCTCCG
KYVGLNGAIY GMTTFGESATP
GCAGAGCTGCTGTTTGAAGAGTTCGGCTTCACTGTTGATAACGTTGTTGCGAAAGCAAAA
AELLEFEEFGE TVDNVVYAKAK
GAACTGCTGTAACTCGAGTCTGGTAAAGAAACE GCTGCTGCGAAATTTGAACGCCAGCAC
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Figure 3.23 The nucleotide sequence and the deduced amino acid sequence of ttA
gene of recombinant plasmid pPT. The nucleotide sequence of phedh gene at
upstream of tktA gene is indicated in purple. The T7 promoter, lac operator, ribosome
binding site are indicated in orange, blue and green, respectively. The restriction sites
EcoRV andA7?0l are shown by the underlined pink and red, respectively.
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Figure 3.24 Electrophoretic patterns of recombinant plasmid pPTF
A: PCR products of glpF preceded by lilac promoter (gIpF gene
fragment) using various annealing temperatures
Lane m = 100 bp DNA ladder
= annealing temperature of 36.4'C
= annealing temperature of 38.2 ¢
= annealing temperature 0f40.3 °c
= annealing temperature 0f42.5 -c
= annealing temperature of 44.7 =c
Lane ¢ = annealing temperature of 46.8 -
= annealing temperature 0f 485 -
B: Restriction pattern of pPTF
Lanem = 100 bp DNA ladder
Lane I = ATzolAPacl-digested pPT
Lane 25 = ATiol/Pacl-digested pPTF
Lanes = PCR product of glpF gene fragment
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glpF as shown in Figure 2.7A. The pPTF was transformed into E coli BL21(DE3)
competent cell and kanamycin-resistant colonies were selected on agarose gel.
To analyze restriction pattern of pPTF, it was cut by Xhol and Pac\ leading to two
separated fragments: the inserted fragment containing gIpF gene (961 bp) and the part
of pPT (6,946 bp) (Figure 3.24B). The pPTF was confirmed the correct insertion by
restriction enzyme digestion and DNA sequencing. The nucleotide sequence of glpF
gene of pPTF is shown in Figure 3.25. It showed 100% sequence identity to glpF
gene of E coli DH10B.

3.7.3 Cloning ofglpFK gene into a recombinant plasmid pPT

The recombinant plasmid pPTFK containing phedh, ttA glpF and glpK
was constructed to be used as a source of QIOFK gene with its promoter for ease of
further cloning.

The constructed plasmid pGlpFK was used as a DNA template for
amplification of the gIpFK flanking with promoter using 11-Xhol and glpK-Pacl
primers. The result from agarose gel electrophoresis is shown in Figure 3.26A. It was
clear that all annealing temperatures yielded the expected DNA fragment
approximately 2.5 Kb corresponding to the sum of the gIpFK gene and the promoter
lengths. However, a few non-specific bands were appeared. The expected fragment
was recovered and ligated into pPT at Xhol and Pacl sites to create the 9,438 bp
PPTFK vector as shown in Figure 2.7B. After transformation into competent E. coli
BL21(DE3) host, the recombinant plasmid was confirmed by double digestion with
BamHI and Xhol. The restriction pattern contained three bands of 4,659 bp, 3,480 bp
and 1,300 bp (Figure 3.26B) because each enzyme cloud digest at one site of pPT and
BamHI could cut glpK gene. As shown in Figure 3.27, the nucleotide sequence of
long fragment of gpFK gene and its [ilac promoter (2,492 bp) inserted into pPT was
verified by sequencing. The sequence showed 100% homology to gIpFK gene of
E coli DH10B reported in sequence database.

3.7.4 Cloning of aroB gene into arecombinant plasmid pPTF
To achigve the recombinant plasmid pPTFB carrying phedh, tktA, glpF
and aroB, the digestions of pAroB (4,883 bp) and pPTF (7,907 bp) with BamHI and
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TAATCGAAATTAAIACGACTCACTATAGGGGAATTG
TGAGCGGATAACAATTCCCCATCTTAGTATATTAGTTAAGTATAAGAAGGAGATATACAT
ATGAGTCAAACATCAACCTTGAAAGGCCAGTGCATTGCTGAATTCCTCGGTACCGGGTTG
MSRTSTLKG%CIAEFLGTGL
TTGA TTCGGTGTGGGTTGCGTTGCAGCACTAAAAGTCGCTGGTGCGTCTTTTGGT
LI FFGVGCVAAL KVAGAS FG
CAGTGGGAAATCAGTGTCATTTGGGGACTGGGGGTGGCAATGGCCATCTACCTGACCGCA
8WEISVIWGL GVAMAILYLTA
GGGGTTTCCGGCGCGCATCTTAATCCCGCTGTTACCATTGCATTGTGGCTGTTTGCCTGT
GVSGAHLN PAVTITIALWLEFATC
TTCGACAAGCGCAAAGTTATTCCTTTTATCGTTTCACAAGTTGCCGGCGCTTTCTGTGCT
FDKRKVIPFEIVS VAGAFCA
GCGGCTTTAGTTTACGGGCTTTACTACAATTTATTTTTCGACTTCGAGCAGACTCATCAC
AALVYGLYYNLFFDFE?THH
ATTGTTCGCGGCAGCGTTGAAAGTGTTGATCTGGCTGGCACTTTCTCTACTTACCCTAAT
| VRGSVESVDLAGTFSTYZPN
CCTCATATCAATTTTGTGCAGGCTTTCGCAGTTGAGATGGTGATTACCGCTATTCTGATG
PHINFVQCAFAVEMVITAILM
GGGCTGATCCTGGCGTTAACGGACGATGGCAACGGTGTACCACGCGGCCCTTTGGCTCCC
GLILALTDDGNGVYPRGPILATP
TTGCTGATTGGTCTACTGATTGCGGTCATTGGCGCATCTATGGGCCCATTGACAGGTTTT
LLIGGLLIAVI GASMGPLT®GEHE
GCCATGAACCCAGCGCGTGACTTCGGTCCGAAAGTCTTTGCCTGGCTGGCGGGCTGGGGE
AMNPARDEFGPKYFAWLAGWSE G
AATGTCGCCTTTACCGGCGGCAGAGACATTCCTTACTTCCTGGTGCCGCTTTTCGGCCCT
NVAFTGGRDI PYFLVPLFEFGTP
ATCGTTGGCGCGATTGTAGGTGCATTTGCCTACCGCAAACTGATTGGTCGCCATTTGCCT
| VeGAIVGAFAYRKLIGRHTLTEP
TGCGATATCTGTGTTGTGGAAGAAAAGGAAACCACAACTCCTTCAGAACAAAAAGCTTCG
cblCcCVVEEKETTTPSEQIKAS
C'[GTQATAATTAA
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Figure 3.25 The nucleotide sequence and the deduced amino acid sequence of glpF
gene of recombinant plasmid pPTF. The T7 promoter, lac operator, ribosome binding
site are indicated in orange, blue and green, respectively. The Pac\ restriction site is
shown by the underlined red, respectively.
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Figure 3.26 Electrophoretic patterns of recombinant plasmid pPTFK
A: PCR products of glpFK preceded by Tllac promoter (glpFK gene
fragment) using various annealing temperatures
Lane m = 100 bp DNA ladder

Lane 1 = annealing temperature of 46.4°c
Lane 2 = annealing temperature 0f48.9 -c
Lane 3 = annealing temperature 0f51.0 ¢
Lane 4 = annealing temperature of 52.7 °c
Lane 5 = annealing temperature 0 53.8 <c
Lane 6 = annealing temperature 0 55.0 <c

B: Restriction pattern of pPTFK
Lanem = 100 bp DNA ladder
Lane 1 = RawHI/ATwl-digested pPT
Lane 2-4 = BamHI/Xhol-digested pPTFK
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GTCGGTACCCTCGAGACGGCCGCATAATCGAAATTAATACGACTCACTATAGGGGAATTG
TGAGCGGATAACAATTCCCCATCTTAGTATATTAGTTAAGTATAAGAAGGAGATATACAT
ATGAGTCAAACATCAACCTTGAAAGGCCAGIGCATIGCIGAATTCCTCGGTACCGGGTTG
M 8T TLKG%CIAEFLGTGL
TTGATTTTCTTCGGTGTGGGTTGCGTYGCAGCACTAAAAGTCGCTGGTGCGTCTTTTGGT
L IFEFEGVG CVAALKVYAGA F G
CAGTGGGAAATCAGTGTCATTTGGGGACTGGGGGTGGCAATGGCCATCTACCTGACCGCA
8 FIS Y I G L GVAMAI YL TA
GGGGTTTCCGGCGCGCATCTTAATCCCGCYGTTACCATTGCATTGTGGCTGTTIGCCTGT
G V. GAHLNPAVTIT I AL L FAC
TTCGACAAGCGCAAAGTTATTCCTTTTATCGTTTCACAAGTTGCCGGCGCTTTCTGTGCT
F DKR KV I P F |V 8YAGAFCA
GCGGCTTTAGTTTACGGGCTTTACTACAATTTATTTTTCGACTTCGAGCAGACTCATCAC
A ALYV YGLYYNLFFDFE(%_..THH
ATTGTTCGCGGCAGCGTTGAAAGTGTTGATCTGGCTGGCACTTTCTCTACTIACCCTAAT
| YRG V E VDLAGTF T Y PN
CCTCATATCAATTTTGTGCAGGCTTTCGCAGTTGAGATGGTGATTACCGCTATTCTGATG
PHINFV8AFAVFMVITAILM
GGGCTGATCCTGGCGTTAACGGACGATGGCAACGGTGTACCACGCGGCCCTTTGGCTCCC
G LILALTDDGNGVYVPRGPLATP
TTGCTGATTGGTCTACTGATTGCGGTCATTGGCGCATCTATGGGCCCATTGACAGGTTTT
LLIGLLIAVI GA SMGPLTGEF
GCCATGAACCCAGCGCGTGACTTCGGTCCGAAAGTCTTIGCCTGGCTGGCGGGCTGGGGC
AL MNP AR D F GP KV F A LAG G
AATGTCGCCTTTACCGGCGGCAGAGACATTCCTTACTTCCTGGTGCCGCTTTTCGGCCCT
N VAF TGGRDIPYFLVPLFGP
ATCGTTGGCGCGATTGTAGGTGCATTTGCCTACCGCAAACTGATTGGTCGCCATTTGCCT
| VGCAIl VGAFA YRKL JGRHILP
TGCGATATCTGTGTTGTGGAAGAAAAGGAAACCACAACTCCTTCAGAACAAAAAGCTTCG
CDICVVEEKETTTPSEq_TKA
CTGTAATATGACTACGGGACAATTAAACATGACTGAAAAAAMTATATCGTTGCGCTCGA

L MTEKKY | VALD
CCAGGGCACCACCAGCTCCCGCGCGGTCGTAATGGATCACGATGCCAATATCATTAGCGT
G T T RAV VMDHDANTII Vv

GTgGCAGCGCGAATTTGAGCAAATCTACCCAAAACCAGG'I'I'GGGTAGAACACGACCCAAT

S(%_REFEAA%IY B #anly Y EHDPM
GGAAATCTGGGCCACCCAAAGCTCCACGCT GGTAGAAGT GCCTGGCGAAAGCCGATATCAG

EIWAT 8(2 SST1T LV EVLAK AD|
TTCCGATCAAATTGCAGCTATCGGTATTACGAACCAGCGTGAAACCACTATTGTCTGGGA
SDQITAATGITNQRETTIVWE

(continued)

129

Figure 3.27 The nucleotide sequence and the deduced amino acid sequence of glpFK
gene of recombinant plasmid pPTFK. The T7 promoter, lac operator and ribosome
binding site are indicated in orange, blue and green, respectively. The restriction sites
XIw\ and Pacl are shown by the underlined pink and red, respectively. The nucleotide
sequences and the deduced amino acid sequences of glpF and glpK genes are
indicated in brown and purple, respectively.
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AAAAGAAACCGGCAAGCCTATCTATAACGCCATTGTCTGGCAGTGCCGTCGTACCGCAGA
KETGKPIYNAIVW %\ CRRTAE
AATCTGCGAGCATTTAAAACGTGACGGTTTAGAAGATTATATCCGCAGCAATACCGGTCT
| CEHLKRDGL EDYI RSNTGL
GGTGATTGACCCGTACTTTTCTGGCACCAAAGTGAAGTGGATCCTCGACCATGTGGAAGG
VIDPYEFESGTKY KWILDHV EG
CTCTCGCGAGCGTGCACGTCGTGGTGAATTGCTGTTTGGTACGGTTGATACGTGGCTTAT
SRERARRGELLEFEGTVDTWL I
CTGGAAAATGACTCAGGGCCGTGTCCATGTGACCGATTACACCAACGCCTCTCGTACCAT
W K MT QT GRVHVITIDYTNASRTM
GTTGTTCAACATCCATACCCTGGACTGGGACGACAAAATGCTGGAAGTGCTGGATATTCC
LENIHTLDWDDKMLEYVYLDIZP
GCGCGAGATGCTGCCAGAAGTGCGTCGTTCTTCCGAAGTATACGGTCAGACTAACATIGG
REMLPEVRRSSEVYG % T NI1G
CGgCﬁéAgG%?G%ACG%%TﬁTTCgAﬁTCTCCG%?A?C%ECGGTGAC AGCAGGCCGCGCT
GTTTGGTCAGTTGTGCQJGﬁéA%?A%FG@FG%FGﬁAG@AQﬁCQ}Af%Gé%CTGG%IGETT
TATGCTGA%EAACACTGGCGAGAAAGCGGTGAAAICAGAAAACGGCCTGCTGACCACCAT
MLMNTGEKAVKSENGTLLTTI
CGCCTGCGGCCCGACTGGCGAAGTGAACTATGCGTTGGAAGGTGCGGTGTTTATGGCAGG
ACGPTGEVNY ALEGAVEMASG
CGCATCCATTCAGTGGCTGCGCGATGAAATGAAGTTGATTAACGACGCCTACGATTCCGA
ASITOWLRDEMKTLINDAYHDSTE
ATATTTCGCCACCAAAGTGCAAAACACCAATGGTGTGTATGTGGTTCCGGCATTTACCGG
Y FATKYV <% NTN GVYVVPA FTG
GCTGGGTGCGCCGTACTGGGACCCGTATGCGCGCGGGGCGATTTTCGGTCTGACTCGTGG
LGAPYWDPYARGAIFGLTRG
GGTGAACGCTAACCACATTATACGCGCGACGCTGGAGTCTATTGCTTATCAGACGCGTGA
VNANHI | RAT LESI|IAY % T RD
CGTGCTGGAAGCGATGCAGGCCGACTCTGGTATCCGTCTGCACGCCCTGEGCGTGGATGG
VLIEAM S&AA DSG T RLHALRVDGSG
TGGCGCAGTAGCAAACAATTTCCTGATGCAGTTCCAGTCCGATATTCTCGGCACCCGCGT
GAVANN FLM QE F % SDI1ILGTRYV
TGAGCGCCCGGAAGTGCGCGAAGTCACCGCATTGGGTGCGGCCTATCTCGCAGGCCTGGE
ERPEVREVTALGAAYLAGLA
GGTTGGCTTCTGGCAGAACCTCGACGAGCTGCAAGAGAAAGCGGTGATTGAGCGCGAGTT
VG F W XAAN L DEL (% EKAVIEREFTF
CCGTCCAGGCATCGAAACCACTGAGCGTAATTACCGT TACGCAGGCTGGAAAAAAGCGGT
RPGILETTERNYRYAGWKE KAV
TAAACGCGCGATGGCGTGGGAAGAACACGACGAATAATAATTAA

KRAMAWEEHDE®*'
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Figure 3.27 The nucleotide sequence and the deduced amino acid sequence of glpFK
gene of recombinant plasmid pPTFK. The T7 promoter, lac operator and ribosome
binding site are indicated in orange, blue and green, respectively. The restriction sites
Xhol and Pad are shown by the underlined pink and red, respectively. The nucleotide
sequences and the deduced amino acid sequences of glpF and g/pK genes are
indicated in brown and purple, respectively.



Xbal were performed to get the desirable fragments for cloning (Figure 2.8A).
For pPTF digestion, the shorter BamYIl-Xbal fragment of 1521 bp was removed
whereas the longer fragment of 6,386 bp containing phedh, tktA, and glpF was eluted
from agarose gel. For pAroB digestion, the BamHI-Xbal fragment of 2,575 bp
containing the aroB gene was purified from gel and ligated with the prepared
fragment of 6,386 bp resulting in recombinant plasmid pPTFB (8,961 bp). Each
fragment for ligation is shown in agrose gel (Figure 3.28A). Though the two similar
sizes of resulting restriction fragments of pAroB were separated on 1.4% agrose gel
before gel extraction, it was still difficult to purify the desired fragment (2,575 bp)
from the contaminated 2,308 bp fragment of. However, the undesirable recombinant
plasmid could be excluded by mobility of recombinant plasmid during rapid selection
on agarose Qel electrophoresis as section 2.9.4.5.1. This pPTFB plasmid was
transformed into competent E coll BL21(DE3) and transformant was selected on
agarose gel. After digestion of pPTFB with BamHI and Xbal, the two fragments of
6,386 bp and 2,575 bp were separated (Figure 3.28B).

3.7.5 Cloning of aroL gene into arecombinant plasmid pPTFB

The engineered plasmid pPTFBL harbouring phedh, glpF, aroB and aroL
was created by the fragment combination between the restriction fragments from
PPTFB and pAroL digestions. The pPTFB plasmid (8,961 bp) was digested with
Bamill and BSIGl to remove the 84 bp BamHI-BsrGI fragment. The retaining
fragment (8,877 bp) was inserted with the target fragment. The target fragment of 702
bp containing the aroL gene was prepared by digestion of pAroL (4,447 bp) with
the same restriction enzymes. After purification of the specified fragments, both were
treated with ligase to give pPTFBL (9,579 bp) as in Figure 2.8B and then introduced
into E coli BL21(DE3) host cell. The recombinant cells containing pPTFBL were
selected and their recombinant plasmids were cut with BamYll and BsrGl.
The digestion of recombinant plasmid with right cloning needed to be composed of
two fragments that were 8,877 bp and 702 bp as in Figure 3.29.
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A B

m 1 2 m1 2 3 4 5

Figure 3.28 Electrophoretic patterns of recombinant plasmid pPTFB
A: Pattern of digested fragments
Lane m = 100 bp DNA ladder
Lane 1 = ftamHI/A2>al-digested fragment of pPTF
Lane 2 = EcoRV/ATjol-digested fragment of pAroB
B: Restriction pattern of pPTFB
Lanem =100 bp DNA ladder
Lane 1-5 = ZtamFII/ATiol-digested pPTFB

in 1 2345 67 8910in

Figure 3.29 Restriction pattern of recombinant plasmid pPTFBL
Lane m 100 bp DNA ladder
Lane 1 fta/TzHI/fErGI-digested pPTFB
Lane 2-9 = .Sa/wHI/ifsT-Gl-digested pPTFBL
Lane 10 = RamPlIARsrGI-digested pAroL
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3.7.6 C loning O|ydngeneintoarecombinantplasmid p P TFB L

3.7.6.1 C loning Ofydngeneinloarecombinantplasmid pATOoL

To construct the pP TFBLY <carrying phedh tktA,g|pF,aI’OB,aI‘OL
and yddG,the recombinant plasmid pLY containing al‘OL and yddG genes was first
generated so that it was used as source o f both aI‘OL and yddG genes for insertion to
pPTFB. The constructed pATolL w as used as backbone plasm id for insertion o f
theyddG gene fragment from digested pY ddG . The pYdd®aG (4,805 bp) was digested
w ith ASCIand H|nd|” to recover the target fragment (994 bp) containing the yddG
gene w ith its prom oter, w hile th e 3,811 b p fragment was elim inated. S im ilarly,
the pAroL was digested w ith the same restriction endonucleases. The target fragm ent
was cloned into the ASCl-Hind”lpAroL vector (4,429 bp) leading to pLY (5,423 bp)
as in Figure 2 .9A . A fter transformed to host cell, pLY was extracted and verified by
digestion w ith ASCIand Hind”l.Thetwu obtained fragments of 4,429 bp and 994 bp

are shown in Figure 3.30.

3.7 .6.2 C loning quI‘OL and yddG genes into a recombinant plasmid

OPTFB
To obtain recom binant plasm id pPTFBLY, th e constructed
plasmids pPTFB and pLY were used. The backbone plasmid pPTFB was prepared by
cleaving w ith BamY”and Af'n to give the 8,904 bp fragment. The pLY was digested
w ith the same restriction enzymes and the 1,651 bp fragm ent containing both a.rOL
and yddG genes was purified from the gel. The desired fragment of 1,651 bp was
cloned into the BamYYl-Aﬂ”pPTFB vector to get pP TFBLY (10,555 bp) as in Figure
2.9B. The prepared plasmid was transform ed to competent cell. To confirm w hether
cloning was correct, the plasmid pP TFBLY was extracted and digested w ith Ba.mY”
and AﬂWas shown in Figure 3.31. The restriction fragments of 8,904 bp and 1,651 bp

were obtained.
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triction pattern ofrecombinant plasmid pLY

Lane m = 100 bp D N A ladder

Lane 1 = yNcl/T/m dlll-digested pATrolL
Lane 2-7 = A5 cl///m dIlll-digested pLY
Lane 8 = .dsd /T /m dlIll-digested pYddGaG
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Figure 3.31 R e

»

triction pattern ofrecombinant plasmid pP TFBLY

Lane m = 100 bp D N A ladder
Lane 1 = ZtawHI/4/711-digested pPTFB
Lane 2-6 = ZL™HI/4/71l-digested pPTFBLY

Lane 7 = 5n/nH I/4/71l-digested pLY



3.7 .7 C loning Ofp|teAgeneintuarecombinantplasmid pPTFBLY

The recombinant plasmid pPTFBLYA carrying phedh tktA, ngF, arOB
arOL, yddG and pheA was created using sim ilar strategy of previous constructed

pPTFBLY

3.7.7.1 Cloning ofpheA gene into a recombinant plasmid pLY

F irstly, the three genes, arOLyddG and pheA were deposited in

the same pRSFDuet-1 vector resulting in pLY A . This plasmid was used as source o f
genes to facilitate construction ofpP TFBLYA from initial vector pPTFB. The pLYA
w as constructed by the insertion of the pheA gene fragment from pPheA into

backbone vector pLY at the recognition sites o f ///m ini and BSrGI.The pPheA was
digested w ith H|nd|” and BerIm delete the unwanted fragment of 3,782 bp and to
recover the desired fragment of 1,296 b p containing L|IaC prom oter followed by
the pheAgene.Atthe same time, pLY was digested w ith the same restriction enzymes
leading to the 5,376 bp potential vector containing arOL and yddG genes. The pheA
fragment was cloned into the vector to generate pLY A (6,672 bp) as shown in Figure
2.10A.Aflerlransformalion,E. COliBLZl(DE3)conlaining pLYA was selected and

its plasmid was confirmed by cutting with H|nd|W and BerI as shown in Figure

3.7.7.2 Cloning ofArOL, yddG and pheA genes into a recom binant

plasmid pPTFRB

The pLYA was cut with BamYW and Af'n to give the 2,900 bp
D N A cassette containing aI’OL,yddG and pheA genes and the undesirable fragment of
3,772 bp. The desired fragment 2,900 bp was purified from the gel and ligated to
th e Bale'Aﬂ”pPTFB fragment of 8,904 bp resulting in pPTFBLYA (11,804 bp) as
shown in Figure 2.10B. Both specified fragm ents for cloning were run on agarose gel
(Figure 3.33A ). Then, the pPTFBLYA vector was introduced into hostcell to produce
E. CO“ BL21(DEZ3)/pPTFBLYA clone. An expected E CO“ clone was selected and
the pP TFBLYA was verified by digestion w ith appropriated restriction enzyme Ndel
The restriction pattern analysis of pP TFBLYA w ith Ndel is shown in Figure 3.33B.
It contained the seven fragments of 5275

, 2103, 1298, 1254, 990, 638 and 246 bp
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Figure 3.32 R estriction pattern ofrecombinantplasmid pLY A

Lane m = 100 bp D N A ladder

Lane 1 = [ll«dIlll/R yrG I-digested pLY

Lane 2-9 = Jli«d1II/J9srG I-digested pLY A

Lane 10 = /l/n d Ill/iforG I-digestedpPheA
A B
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Figure 3.33 Electrophoretic patterns o frecombinantplasmid pP TFBLYA

A : Pattern o fdigested fragm ents
Lane m = 100 bp DN A ladder
Lane 1 = 5aw7H1/4/71l-digested fragment ofpPTFB
Lane 2 = R al/??H 1/4/ni-digested fragmentofplLY A

B : R estriction pattern ofpP TFBLYA

Lane m = 100 bp DN A ladder

Lane 1 = A fcfel-digested pP T FB LY A



because the recognition sites o f Ndel located at 954, 1200, 1838, 2828, 4126, 5380

and 7483 bp ofpP TFBLYA

3.7.8 C loning ofydngenelntoarecom binant plasmid pPheDH

To prove w hether overexpression ofyddG gene in E CO“ BL21(DEZ3)
containing phedh gene could im prove the production ofL-Phe, both phedh and yddG
genes were cloned into the single pR SFDwuet-1 to get pPY. The pYdd®aG was digested
w ith BamHI and 4 /7 11 to generate th e 1,033 b p desirable fragm ent containing
the yddG gene together its promoter and the unwanted fragment of 3,772 bp which
w as th e BamHI'Aﬂ” pR SFDuet-1 vector part. Then, the e ligib le fragment was
purified from gel and cloned to the backbone plasmid pPheDH (4,898 bp) leading to
pPY (5,931 bp) (Figure 2.11 A ). A fter transform ation into E Colihost cell, potential
cells containing pPY were selected and their plasmids were analyzed by digestion
w ith BamHland Af“l.The re striction pattern of pPY composed of two fragments o f

4,898 bp and 1,033 bp (Figure 3.34).

3.7.9 C loning ofglngenelntoarecomblnantplasmld pPY

In order to study whether the glpF overexpression along with phedh and
yddG genes in E. CO” would affect on increasing of L-Phe production, E. CO"
BL21(DE3) containing pPYF (phedh, yddG and glpF genes) was designed.
The recombinant plasmid pPYF was produced by the insertion of DN A fragment
containing phedh and yddG genes into the pPTF in which the fragment containing
phedh and tktA gene was removed. A fter digestion of both pPY and pPTF w ith
BamHI ana XhOl, the 2,350 bp defined fragm ent containing phedh and yddG genes o f
pPY digestion was purified from gel. The 4,467 bp fragment ofpPTF digestion acted
as vector inserted w ith ngF gene was also recovered. A fter both o f these fragm ents
had been combined by ligase producing pPYF (6,817 bp) (Figure 2.1 IB ), the ligation
product was transformed to E. CO” competent cell and the defined engineered
clone/pP YF was examined. A fter digestion o f pPYF w ith BamHl and XhOl,

the restriction fragments of 4,467 and 2,350 bp were obtained (Figure 3.35).
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triction pattern ofrecombinant plasmid pPY

Lane m = 100 bp DN A ladder

Lane 1 = 5a/wHI/4/21l-digested pPheDH
Lane 2-9 = i7a?«HI/4/71l-digested pPY
Lane 10 = 5awH I/4/ni-digested pYdd®a
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Figure 3.35 R e
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triction pattern ofrecombinantplasmid pPYF

Lane m = 100 bp D NA ladder
Lane 1 = itam HI/ATiol-digested pPTF
Lane 2-10 = ftaw iH I/A Tiol-digested pPYF

Lane 11 = FY/mHI/Jftol-digested pPY



3.7.10 C loning ofglpFngneintoarecombinantplasmid pPY

To elucidate w hether th e co-existence of the glpK gene prevented
the reverse of cytoplasmic glycerol to exterior with phedh, yddG and glpF genes in
PR SFDuet-1 vector w as responsible for an increase in L-P he production,
the recombinant plasmid pPYFK containing four genes {phedhydngIpFand ngK
genes) was constructed. The 5,856 bp fragm ent containing phedh and yddG w as
recovered from the XhO\ and Pad-digested pPY reaction and acted as backbone
plasmid. A fter the digestion of pP TFK, the target fragment of 2,493 bp containing
the glpF and ngK genes was separated apart from the undesirable fragment of 6,945
bp. The tw o specified fragm ents was ligated to yie ld pPYFK (8,348 bp) (Figure
2.12A) and transformed into E. coli. v+ne € g incerered -E. CoiinYF was selected and
the successful of cloning was confirm ed by cleaving the pPYF with XhO\and PaC\
resulting in tw o fragments of5,856 and 2,493 bp (Figure notshown).

The recombinant plasmids pPhebDH (4,955 bp), pPY (5,931 bp), pPYF
(6,817 bp) and pPY FK (8,348 bp) digested w ith xholwere analyzed on agarose gel as

shown in Figure 3.36.

3.8 E xpression of recom binant plasm

ds pPY, pPYF, pPYFEK in
E.COI'BLZl(DE3)

To select one transform antthat was a representative o f each recombinant E. CO”
for evaluation ofL-Phe production, five transform ants ofeach were compared for the
expression level (section 2.14). A Il cells of each recombinant clone showed sim ilar
intensity of protein pattern in SDS-PAGE gel stained by Coomassie blue (data not
shown). Therefore, one was picked for shake flask cultivation. As seen in Figure
3.37A, the protein patterns of cell extracts by all E. Colicontalning phedh(ppheDH‘
pPY, pPYF and pPYF clones) showed the additional protein band w ith the expected
size o f P heDH (42 kD a) (lane 2-5). From the comparison o f the intensity of PheDH
bands in different clones containing the same phedh gene (lane 2-5), it was revealed
that P heDH protein band by pPheDH clone showed the highest level. In the pPY,
pPYF and pPYFK clones, the production level ofPheDFI was sim ilar (lane 3-5) and

at the lower level. Possibly, the pPheDH clone contained only one inserted gene.
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The building blocks for approaching central dogm a were not shared as in case o fmore

genes inserted. Thus, the pPheDH clone could produce higher P heDH in the same
inducible period. Alternatively, it m ight be caused by the disturbance o f the toxicity
tendency of overexpressed Y dd G and G Ip F proteins to host cel! that led to th e
reduction or retardation of cell grow th and production of desired compounds.
Furtherm ore, the appearance o f the s lig h tly higher intensity o f the protein band o f

G Ip K of pPYFK clone was elucidated at approxim ately 56 kD a (lane 5). The ngK

gene did not have its own T7|aC prom oter like the others. It was controlled under the
samelilac promoterofglngene at the downstream o f this gene. This might be the
reason w hy th e protein band of G IpK w as re latively lo w as also m entioned by
W eckbecker and Hummel, 2004. pectedly, the expression of Y ddGaG and G IpF
proteins could not be detectable by this procedure as previously m entioned. This
result illustrated that overexpression o f phedh or glpK genes w as achieved
individually or sim ultaneously in recom binant E CO” (pP heDH Vs pPY, pPYF,

pPYFK and pGIpFK vs pPY FK).

A lthough the phedh expression in w hole cell extracts of pPheDH, pPY, pPYF
and pPYFK clones were examined by S DS-PAGE analysis, in parallel, its P heDH
activity in each o fthose crude extracts was also determined by activity assay (section
2.9.5.2) as sum m arized in Table 3.3. The pPheDH clone exhibited the highest specific
PheDH activity of 71.8 unit/m g protein whereas specific acitivities ofpPY, pPYF and
pPYFK were 5.5, 3.0 and 6.1 unit/m g protein, respectively. The Ilevels o f activities
were consistent w ith the intensities o f P heDH band as shown in Figure 3.37A . Also,

the intensity o f individual target proteins (P heDH and G IpK ) of each different clone

seemed to correspond in both crude extract and whole cell extract (Figure 3.37A and
3.37B). It was confirm ed that P heDH could be produced in soluble form and function
w hen induced by 1 m M IP TG . Although glycerol kinase (G IpK) activity was not
m onitored, it was believed that it could function because it was produced in soluble

form and its nucleotide sequence was 100% correct. However, an amount of IPTG
(1 m M ) m ight not be an optim um for phedh gene or all co-expressed genes. In
general, the optim um <condition to attain preferable yield and solubility of protein was
system atically varied depending on the induction tem perature, concentration o f IP TG

location o fthe enzyme in different com partm ent (cytosol, periplasm or culture broth)



Table 3.3 Phenylalanine dehydrogenase activity from crude extract o feach

engineered E C0||BL21(DE3)*

Source Total activity Total protein S pecific activity
< r (m g) ( !/ 1g protein)
E.CO“BLZl(DE3)/pRSFDuet-I 0 63.3 0.0
E.CO“BLZI(DES)/pPheDEI 5,691.6 79.3 71.8
E.CO|iBL21(DE3)/pPY 280.5 50.8 5.5
E.CO“BLZI(DES)/pPYF 140.6 47.6 3.0
E.CO“BLZI(DE3)/pPYFK 326.7 53.8 6.1
E.CO“BLZI(DE3)/pPTY 699 .6 61.2 11.4
E.CO“BLZI(DES)/pPTFY 244 .8 57.6 4.2
E.coliecz21(pesyprrrky 672.3 42.5 15.8

E. CO|iBL21(D

E3)/pP TFBY 330.0 50.7 6.5
E.CO“BLZI(DE3)/pPTFBLY 349.9 55 .2 6.3
E.colietz21(pes)yppTreLyY A 281.9 61.1 4.6
E.coliecz21esymprr 2,353.7 86.5 27.2
E.coliec2ioes)yprrer 1,827.0 76.1 24.0
E.coliest210es)pprTrFk 2,273.8 104.3 21.8
E.coliesLt21(0pes)yprrre 2,106 .5 99.0 21.3
E.colisLz1(pes)yprTFEeL 2.,441.0 101 .4 24.1
Crude extracts were obtained by culturing each E Colicell in 200 m L ofLB medium

supplemented w ith IPTG at final concentration of 1 m M for 3 h.



and m ost im portantly, the nature of each enzym e (T olia and Joshua-Tor, 2006 ;

Yamabhaietah, 2011).

39 S hake flask cultures

3.9.1 O ptim iz ation o f production m edium com position for L-P he

production

In 20009, Khamduang and colleagues carried out the ferm entation for
L-Phe production from 10 g/L o f glycerol to attain the highest yield of L-Phe using
recom binant E CO“ BL21(DE3) containing phedh from AC|netObaCter IWOfﬂ'
This indicates that glycerol tends to be e ffective and alternative carbon source for
m icrobial ferm entation of desirable product. S im ilar approach to Khamduang's work,
E. CO“BL21(DE3) bearing pPheDH was prelim inary cultured in the Khamduang's
m edium containing 10 g/L o fglycerol. It was found that this amount of glycerol was
not enough for cell culture to reach th e stationary phase or the highest biom ass

because the depletion of glycerol was com pletely attained w ithin 72 h of induction

w ith a m axim um yield o f biom ass "‘2 g/L. In this stage, bacterial growth was still in
m id -log phase. In contrast, Kham duang et al. reported that even 10 g/L o f glycerol
w as nearly com pletely consum ed w ith in 75 h o f cultivation, cells reached

the stationary phase w ith a m axim um yield o f biomass ~5 g/L. L-Phe was reported to
be highly accumulated in stationary phase o f cell growth (Khamduang et ah, 2009b;

Doroshenko et ah, 2010; W ang et al., 2011). Thus, to accom plish the m axim um cell

biom ass and L-Phe concentration, the concentration ofcarbon and nitrogen sources o f

Khamduang'’'s medium was needed to partially optimize. M arkedly, it was reported
that the L-Phe production was growth-associated (Khamduang et al., 2009b, W ang et
ah, 2011; Srinophakun et al., 2012). Hence, the concentration o f glycerol in medium

was optimized first, and followed by the concentration o fnitrogen source, (N H S C h

The pPhebDH clone w as chosen as th e representative of other clones for

optim ization of carbon and nitrogen concentration (glycerol and (N H~"S C h) in

production m edium because pP hebDH clone w as used as basal titer o f L-Phe

production for com parison w ith other clones.



3.9.1.1 O ptim ization ofglycerol concentration in production m edium

G lycerol at different concentrations of 10 to 50 g/L were used as
a sole carbon source in shake flask cultivation of recombinant E COIiBLZl(DE3)
containing pPheDH (section 2.18.1.1) at fixing concentration of(NH4)2504(50 g/L).
AfterODaDreached 0.6, each flask was induced w ith 1m M 1PTG.

D uring cultivation, the cell density, glycerol assim ilation and
L-Phe production were monitored every 24 h after induction as shown in Figure 3.38.
The HPLC and TLC chrom atograms of L-P he are illustrated in Appendix K and L,
respectively. The cell growth p ro file of pPheDH clone in each different glycerol
concentration m edium had a sim ilar trend as that of L-Phe production profile (Figure
3.38A and 3.38C ). The growth pro file relating to the biomass concentration, w hich
was calculated from the equation: dry biomass concentration (g /L) = 0.99 X OU&I)
(section 2.19.1), and L-Phe production profile at 10 g /L glycerol were clearly
different from higher glycerol concentrations (20, 30, 40 and 50 g/L). At 240 h after
induction, the low est L-Phe production (85 .8 m g /L) w as observed at 10 g /L o f
glycerol corresponding to th e obtained low est biomass concentration of 1.27 g/L .

However, the highest biomass concentration of 2.04 gL was attained at 96 h after

induction but after this tim e, cell density was slightly gradually decreased. A fter 72 h,
the exhaustion of glycerol was corresponded to the plateau o f L-P he and biom ass
concentration. Thus, it was confirm ed that 10 g/L ofglycerol was notenough to yield

high biom ass and L-Phe production.

The concentrations of glycerol in the range of 20-50 g /L yielded

a relatively sim ilar grow th profile w ith final biom ass concentrations o f 4.96-5.33 g/L.

It was im plied that an increase in glycerol content exceeding 10 g/L could increase

cell biomass concentration by approxim ately 4 -fold at final cultivation. Considering

the residual glycerol in m edium (Figure 3.38B ), it was obviously found that in all four

different conditions, glycerol was utilized at the same rate during the initial period o f

cultivation (0-1220 h). Glycerol of~10 g/L and ~20 g/L were depleted at 72 h and at

144 h of induction, respectively. P articularly, glycerol of ~24 g/L was consumed at

240 h so thatthe final biomass concentration reached the highest level with a yield o f

~5g /L.
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Figure 3.38 Time courses ofcell growth (A ), residual glycerol (B) and concentration
of L-Phe (C) by E. coll BL21(DE3) harbouring pPheDH in production medium
containing different glycerol concentrations of 10 g/L (¢+), 20 g/L (H ), 30 gl/L (A),
40 g/L (# ) and 50 g/L (O ) supplemented with 1 m M IPTG at fixing concentration o f
(N H 4)25s 04 (50 g /L) in shake fla s k culture . D ata shown were the means of tw o

independent cultivations.



The glycerol concentrations of 30 and 40 g /L le d to high L-Phe

production of~250 m g/L at final ferm entation. These glycerol concentrations resulted

in a ~3-fold increase in the L-Phe production compared to 10 g/L glycerol. Although

both concentrations gave a sim ilar yield of L-Phe, a lower remained glycerol content

in medium was observed in the former. Thus, glycerol of 30 g/L was used for further

experiments. The cell dry weight at 50 g/L o f glycerol was lower than those at 20, 30

and 40 g/L in conform ity with a lower L-Phe production. The biomass concentration

slightly decreased when the concentration o f glycerol was increased from 30 to 40
and 50 g/L. It may be presumed that an excess ofglycerol substrate could inhibit cell
growth (Khamduang etal.,, 2009a; W endisch et al., 2011).

3.9.1.2 O ptim iz ation o f (NH452$04 concentration in production
m edium
Batch fermentation of E. coli BL21(DE3)/pPheDH in  the
m edium containing 30 g/L ofglycerol with varying concentrations o f (N H 4)2S 04 from
10 to 50 g/L was then performed.
A's displayed in Figure 3 .39 A, the cell growth profiles at 10 and
20 g /L of (N H 4)2S 04 showed th e closed sim ilar trend w ith th e sam e biom ass
concentration of ~2.8 g/L. However, L-Phe production could not be detected at these
tw o concentrations (Figure 3.39C). W hen increased (NFLi#”SCLlL to 30 g/L or more, the
L-Phe concentration could be detected suggesting that less than 20 g/L (N H 4)2S 04
was insufficient for L-Phe production. W hen the concentration of (N H 4)2S 04 was
increased from 30 g/L to 40 and 50 g/L, the obtained cell dry weight and L-P he titer
increased in order. The highest biomass concentration of ~5 g/L and the maxim um
yield of L-Phe (~250 mg/L) were obtained at 50 g/L of (N H 4)2S 04. This result was
about the same when 30 g/L ofgglycerol was used in section 3.9.1.1. It was observed
that glycerol was consumed more at increasing concentration of (N H 4)2S 04 (Figure
3.39B). Thus, the best concentration of (N H 4)2S 04 for m axim izing L-Phe production

was 50 g/L which was consistent w ith the previous report (Khamduang et al., 2009a).
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Figure 3.39 Time courses ofcell growth (A ), residual glycerol (B) and concentration
of L-Phe (C) by E COIiBLZl(DE3) harbouring pP heDH in production m edium

containing different (NTLtrSCU concentrations of 10 g/L (a#¢>1), 20 g/L (U ), 30 gl/L

(A), 40 gL ( ) and 50 g /L (O ) supplemented with 1 mMm IP TG at fixing

concentration ofglycerol (30 g/L) in shake flask culture. Data shown were the means

oftwo independent cultivations.



3.9.2 O ptim iz ation of IP TG concentration for L-P he production

cultivation ofpPheDH, pPY, pPYF and pPYFK clones

In this expression system , the target plasmids were established in E CO“

BL21(DE3), an expression ofdesirable genes was induced by the addition of IP TG to

a growing culture. As specified above, IP TG at final concentration of 1 m M w as
purposed for full induction w ith vector having the F”aC prom oter. IP TG
concentration and induction duration can b oth influence recom binant protein

solubility. Lower concentrations of IPTG may induce protein expression at a slower

rate resulting in better folding. Also, it may reduce yield. Higher IPTG concentrations

may cause an excessive overexpression level allowing an accumulation o f inactive

aggregated proteins called inclusion bodies (N ilsson and Anderson, 1991) or
inhibition of cell viability. I'n addition, longer induction tim e, w hich increases
expression, may also induce proteolysis o f the target, leading to heterogeneity in

the sample and reducing yield. D ifferent concentration of IP TG and a time course o f
induction should be tested to determine the optimal com bination (Tolia and Joshua-
Tor, 2006).

The effects ofthe added yddG,ngF and ngK genes on L-Phe production
from glycerol were further characterized by com parison of the production o f
the different clones and the parent strain that did not contain the genes. Thus, the
clones pPheDH, pPY, pPYF and pPYFK were cultured in a minim al m edium

containing 30 g/L ofglycerol and 50 g /L o f (N H42$04.When o Dmnm reached 0.6,

0-1 m M IPTG was added. In this work, an induction did not perform atinoculation as
few previous reports because if the gene product is toxic to E C0||cell. the expression
hinders <cell replication and decreases protein production. Thus, transcription is

typically suppressed until cells have reached a high cell density before activating gene
expression (Gruber et ah, 2008). It was found that the time elapsed prior to induction
was varied in different clones. The growth o fthe cells was progressively reduced as
the number ofinserted genes increased.

It was reported that the optim um <condition for phedh gene expression in
E. coli BL21(DE3)/pBLPheDH was induction with 0.2 m M PTG for 8 h

(Thongchuang, 2006). The optim al condition for L-Phe production by resting cell was



obtained when the recombinant cells were cultured in LB medium for 6 h after OD 6oo

reached 0.6 without IPTG induction (Ratanasuwanasri, 2008). The result indicated
that the condition giving th e best level of PheDH activity did not bring about
the highest yield of L-Phe production. It might be due to different environm ental

conditions such as PheDH conform ation or sufficient substrate concentration between
intact cell {In ViVO) and crude e xtract {ln VitrO). Considering this, only the L-Phe
production level was used for a com parative evaluation o f different clones. S im ilarly,
because of the difficulty in directly detecting th e mem brane-associated protein
products ofyddG and ngFgenes‘only the level of L-Phe production of the various
clones was used to infer about overall activities o fthese proteins in a given clone.

The growth profiles ot E. CO“clones harbouring pPheDH, pPY and pPYF
and p P FK w ith and w ithout induction are shown in Figure 3.40. I'n the glycerol
medium , all the IPTG induced clones generally grew better and attained a higher
biom ass concentration than the same clones without induction. The concentration o f
the IPTG inducer (0.25, 0.5 and 1 m M ) had no effect on a clone’'s ability to grow so
long as the concentration was at least 0.25 m M . For induced pPheDH clones (Figure
3.40A), the induction reduced growth up to 96 h relative to noninduced cells after
induction. A fter that, the induced cells ultim ately grew faster and attained a higher
biom ass concentration (~5 o HEN), th an the noninduced cells (~ 4 g/L). For the
noninduced pPY, pPYF and pPYFK clones, the final biom ass concentrations were in
the range o f 1.2 to 2.0 g/L (Figure 3.ADB,Cand D), but with induction it increased by
2.2- to 3.5-fold depending on the clone. Although IPTG is known to negatively affect
the growth o 1 E. COIi(Law et al., 2002), the IPTG induced pPY, pPYF and pPYFK
greatly outperform ed the corresponding noninduced clones.

The glycerol consum ption profiles o fthe various clones (Figure 3.41) were
quite consistent w ith their growth patterns (Figure 3.40). Thus, the clones that grew
poorly consumed glycerol slower than the faster growing clones. Poor growth always
led to m ore glycerol rem ained in the culture broth. The induced pPheDH, pPY , pPYF
and pPY FK clones had sim ilar rates of glycerol consumption, but the noninduced
pPY, pPYF and pPYFK barely consumed glycerol (Figure 3,41B,Cand D). Clearly,
the glycerol wutilization ability of the noninduced pPY, pPYF and pPYF clones was

poor, but was restored by induction. In cultures of clones that effectively consumed
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Figure 3.40 G rowth profiles ofE. CO”BLZl(DE3)harbcuring pPheDH (A), pPY (B),
pPYF (C) and pPYFK (D) in glycerol m edium w ithout IPTG induction (¢+) and with
IP TG induction to final concentrations of 0.25 m M (!, 0.5 m M (# ) and 1 m M (A)
in shake fla s k culture . D ata shown are averaged values from three independent
experiments. The standard deviation o f the measurements was within *10% of the

average values shown.
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glycerol, a significant amount ofglycerol was remained after the stationary phase had

been reached. This suggested a sufficiency o f glycerol in the m edium and im plicated

an insufficiency of some other factors (e.g. the concentration of dissolved oxygen,

lim ited supply of growth factor) in the m edium as the cause o f the stationary phase

(W ang etal, 2011).
From an initial pH of medium of 7.4, it was found that at the end o f shake
flask cultivation, the pH value of induced clones was approxim ately 4-4.2 (Figure

3.42). For noninduced clones, the pH value (4.2-4.8) was slightly higher than that of

induced clones. pH is another lim iting factor for cell growth in addition to nutrition
exhaustion and accumulation o f toxic m etabolites. The medium's pH is governed by
m edium com positions, buffers, cellular m etabolites, and aeration conditions.

The optimal pH fan.CO|i|s near neutral. E Colicells can grow reasonably well over
a range of three pH units (from p H 5.5 to 8.5). Extrem e pH beyond this range w ill
significantly decrease the cell growth rate and may sometimes even cause cell death.
The m inim um and m axim um growth pHsforE. Coliare pH 4.4 and 9.0 respectively.
At the stationary phase, the pH o fthe E Colicullure in com monly used media is near
its pH Iim its.E.COlicells produce large gquantities o facetic acid if the growth medium
contains little or no oxygen causing th e grow th m edium to reach pH 4 or lower.
A cetic acid is an extracellular co-product o f aerobic ferm entation by E Colicells‘and
this exists as acetate ion at the neutral pH used in E COI| ferm entations. The acetate
form ation rate is directly related to the cell growth rate or the substrate consum ption
rate (E item an and A ltm an , 2006). M oreover, acetic acid is the m ajor m etabolic
inhibitor under anaerobic grow th condition.

A eration is another critical param eter to optim ize individual protein
expression and cell growth in sm all-scale culture because the expression o fmore than

200 genes by E CO“ is dependent on the availability of oxygen (Losen et ah, 2004).

A eration is directly related to the m edium /container volum e ratio. For good aeration,
m edium volum e should be added up only 20-25% of the total flask volume. In this
experim ent, because o f the Ilim itation of various factors such as flask size, sam pling
volum e and holder size, minim al m edium m ust be filled in a 500 m L flask with

volume of 200 m L (40% of the total flask volume) that m ight lead to bad aeration.
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Figure 3.42 Profiles of the m edium pH values when E CO”BLZl(DE3)harb0uring
pPheDH (A), pPY (B), pPYF (C) and pPYFK (D) were grown in glycerol medium
w ithout IPTG induction ( ) and w ith IP TG induction to final concentrations o f 0.25
m M (81), 0.5 m M (H ) and 1 m M (A ) in shake flask culture. Data shown are averaged
values from three independent experim ents. The standard deviation o f th e

measurements was w ithin #10% o fthe average values shown.



A n increase in aeration w ithout changing culture volume was proportionally fulfille d

by increasing the shaking speed (M aier, Losen, and Biichs, 2004)

The lower pH o fmedium (4.2) at the end o f ferm entation (240 h) might be

caused by an inadequate aeration during long period of cultivation w hich le d to
a faster rate to reach an acidic pH of medium due to th e form ation of form ate,
succinate, acetate and lactate from glycerol m etabolism under anaerobic condition

(Zhang, Shanmugam, and Ingram , 2010). Furtherm ore, in E C0|| ferm entation using
mineral m edium w ith glucose or glycerol as sole carbon source, the pH value is
highly dependent on am monium consumption. One molecule ofammonium taken into
cells generates one proton resulting in declining ofpH value in the m edium (S cheidle,
K linger, and Biichs, 2007).

The L-Phe production profiles for the four clones are shown in Figure 3.43.
S uitably induced recombinant clones pPheDH, pPY, pPYF and pPYFK produced
a final L-Phe concentration ofabout 250 m g/L by 240 h, but the clones varied in the
inducer concentrations required to achieve this result and the rate at w hich the peak
L-Phe concentration w as attained. T his w as shown clearly for the four clones in
Figure 3.44.

In general, an induction w ith TPVT 6 leads to m ore protein expression level
than that without induction. Consequently, an increase in phedh gene expression w ith
induction should result in driving to produce more L-Phe titer than that absence o f
IP TG but the observed result did not correspond to an expected one. For pPheDH
clone, although an increasing amount o f IP TG caused a better phedh gene expression
(Figure 3.458B, Cand D) than that ofnoninduced pPheDH clone (Figure 3.45A), their
L-Phe productions were relatively sim ilar (Figure 3.43A ). From our experiences about
IP TG induction in various clones, the results on cell growth, carbon source utilization
and production o ftarget product were varied in both pET and pRSFDuet-1 expression
system s. It could not certainly explain w hy pPheDH generates the sam e level o f
L-Phe in the presence or absence of IPTG . Possibly, it depends on overall
characteristics of each clone affected by several factors including expression vector,
host cell, cultivation condition, IP TG concentration, induction duration, induction

tem perature and protein s o lubility. In general, increasing of IPTG concentration is

expected for higher protein expression level than that without induction. However, in
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our experiments, the induction condition possessing intense target protein band in

SDS-PAGE gel may not confer the best level of enzyme activity. Also

, the peak of

production o f target product did not correspond to the best level of enzyme activity.

Thus, the induction condition should be varied to reach the peak o f target production

(Liu etah, 1999; M oon etah, 2009; Tsao et ah, 2011).

W hen comparing the intensity of P heDH band of pPheDH clone in cases o f

w ith and w ith out induction in SDS-PAGE, it was found that induced cells showed
more greatly intense band than that of uninduced cells (Figure 3.45). If this more
intense band can refer to m ore PheDH activity, induced cells should contribute higher

L-Phe production and did not generate the same level of L-Phe as that of uninduced

cells. It indicated that the pPheDH clone m ight have a lim ite d ability to produce
L-Phe, possibly due to poor glycerol uptake, low a b ility to excrete L-Phe, or tightly
regulated steps in L-Phe biosynthesis. Thus, this w o rk aim ed to im prove L-Phe

production from glycerol by m etabolic engineering process.

For the pPheDH clone, L-Phe was produced without induction at a peak

production rate of 1.61 m g/L h. The pPY clone required induction w ith 0.5 m M IP TG

to attain a m axim um L-Phe production rate o f 2.33 m g/L h. The pPYF clone achieved

a m axim um L-Phe production rate o f 2.86 Uip—/ (B h on induction with 1 m M IP TG

The pPYFK clone induced w ith 0.25 m M IP TG reached a m axim um L-Phe

production rate of 2.15 m g/L h (Figure 3.44). The maxim um L-Phe production rates

ofthe induced pPY, pPYF and pPY FK clones were 1.4-, 1.8- and 1.3-fold higher than

the m axim um production rate o fthe pPheDH clone.

This experim ental part dem onstrated th e feasibility o f enhancing
the production of L-Phe from glycerol in an engineered E Coliexpresslng P heDH
together w ith an arom atic amino acid exporter, a glycerol transport facilitator and
glycerol kinase. Co-expression of the arom atic am in o acid exporter in E CO“

containing phedh prom oted th e production o f L-Phe and production could be
im proved a little more by also co-expressing a glycerol facilitator. In contrast,
the expression tandem of glycerol facilitator and glycerol kinase could not increase
the production rate of L-P he from E CO“ containing phedh and yddG genes but it
showed insignificantly different from pPY clone’'s productivity. Also, its production

rate was decreased when comparing to thato fpPYF clone.



In this work, the function of all expressed proteins could not be

determ ined directly because some proteins were d ifficult to measure their activity

(Y ddéG and G Ip F proteins). A's firstly m entioned, to avoid th e trouble usage o f
radioisotope and antibody conjugated probe, the western blot analysis was not
approached. M oreover, the detection of expressed Y ddG and G IpF proteins by
p urification o f the His-tagged protein w as im possible due to the fact that

the construction of recombinant plasmids was not planned to express protein fused
w ith His-Tag. M any previous works on identification and characterization o f specific
functions ofyYddG and G IpF proteins (Sweetetah, 1990; Lu etah, 2003; Doroshenko
et ah, 2007; Airich et ah, 2010) were reported. Therefore, if the nucleotide sequences

ofinserted yddG and glpF genes in the recombinantplasmid were actually correct and

did not show reading frame shift, as well as the addition o f these genes in E C0||
contributed positive result to L-Phe production, it is likely that both genes were able
to express and function as specified membrane proteins. In addition, we observed that

colony o frecombinant cells harbouring gene encoding membrane protein appeared to
show different m orphology from that of their parental strain. The small flat colonies
were form ed on agar plate w ith undulate m argin. The altered morphology of colony
was shown to occur from basal level expression of membrane-associated protein
w ithout induction ofE. col/i-bacteriophage T 7 R N A polym erase expression system
(M iroux and W alker, 1996). This supported that genes encoding membrane proteins
in this work were rather expressed. M oreover, when compared PheDH band intensity
in whole cells of clones, an expression ofphedh gene by pPY, pPYF and pPYFK

clones had drastically low er expression levels than that of pPheDH <clone both with

and without IPTG inductions. However, pPY, pPYF and pPYFK clones gave the
higher L-P he titer than that of pPheDH clone. This result confirm ed that genes
encoding membrane proteins were expressed. Protein patterns of whole cell of these

three clones at specified times after induction were closely similar, only those o fpPY

clone are showed in Figure 3.46.

I'n E COI' glycerol molecules enter the cell by passive diffusion via
channel proteins called porins that are located in the outer membrane and then
glycerol m olecules cross the inner m em brane by facilitated diffusion achieved

through an integral membrane protein, glycerol facilitator G IpF. The cytoplasmic
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Figure 3.46 SDS-PAGE ofwhole cell extracts ofE.Collharbouring pPY induced by
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flask cultivation (For (A ), sample volume for loading was tw o tim es higher than that

o fthe others). The arrow indicated P heDH band.
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Lane 2-9 - E.colleLz21(pes)yippy at2sa,a8, 72,96, 120,144,

168, 192 and 192 h after induction, respectively



glycerols are phosphorylated to glycerol 3-phosphate (G 3P) by glycerol kinase to
prevent glycerol from passively diffusing out o fthe cell. The resulting G 3P is trapped
in the cell until it is further m etabolized since it is not a substrate for the glycerol
facilitator (Voegele et ah, 1993). G 3P is then oxidized through the action o f G 3P
dehydrogenase encoded by ngD gene to form dihydroxyacetone phosphate (D HAP),
w hich is in turn isom erized to glyceraldehyde 3-phosphate (G A3P ) (da Silva et ah,
2009). Both DHAP and G A3P are further m etabolized in both the glycolysis and the
pentose phosphate pathways. As a consequence o f this, the overexpressed glycerol
kinase should increase the trapped glycerol inside the cells leading to enhancement o f
carbon flux into further metabolisms. From the resultoflL-Phe production by pPYFK
clone, overexpression o f glycerol kinase together with glycerol facilitator was unable
to support L-Phe productivity in E. CO“contalnlng phedh and yddG genes. Possibly,

this approach might not be effective enough to increase glycerol utilization. In 2008

Corynebacterium glutamicum producing amino acid that cannot utilize glycerol was
successfully engineered to grow on glycerol by heterologous expression o f E CO”
glycerol utilization genes. Simultaneous expression ofglpK encoding glycerol kinase
and glpD encoding glycerol 3-phosphate dehydrogenase was sufficient for growth on
glycerol and an additional expression o f the ngF gene increased growth rate and
biom ass form ation. This c. glutamicum strain expressing E COIiglpF,glpK,and glpD
genes was able to produce glutam ate and lysine from glycerol as the sole carbon and
energy sources. M oreover, the increased glycerol kinase level caused the intracellular
accumulation o f G 3P thatis a growth inhibitor. Co-expression ofglpFand glngenes
in c.glutamicum led to a m axim um accumulated intracellular G 3P compared to clone
expressing glpF gene and clone expressing glstngK and glpD genes. To prevent
intracellular accumulation of G 3P, glpD gene is required to co-express with glpK
gene to balance both expression levels (R ittm ann, Lindner, and W endisch, 2008).
A dditionally, the simultaneous expression ofgldA encoding glycerol dehydrogenase
and th’IKLM encoding dihydroxyacetone kinase w as found to accelerate th e
form ation of DH AP from glycerol to prom ote the rates of glycerol utilization and
product synthesis in E Colieitherthroughthe ferm entative or the respiratory glycerol

dissim ilation pathway (Yazdaniand G onzalez, 2008).
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A's the production rates of L-Phe were improved (1.3-, 1.4- and 1.8-fold)

whereas the L-Phe titer was not changed (- 250 mg/L), some other bottlenecks in

the com mon L-Phe synthesis pathway should exist. This section was likely focused

only on im proving transport ofthe substrate and the excretion o fthe product, butnot

on the steps o f the tightly regulated biosynthesis pathway of arom atic am ino acids.

Consequently, m etabolic engineering process of an arom atic amino acid biosynthesis

pathway from starting carbon source, glycerol was further focused on.

To determ ine the utiliz ation of glucose as carbon source for L-Phe
production, glycerol, glucose and glucose-glycerol m ixture w ere used as single
nutrient or co-nutrient. Each of these recombinant cells pPheDH, pPY, pPYF and

pPYFK w as cultivated in production m e dium in shake flask. N orm ally, glycerol

concentration o f30 g/L was always fixed throughoutexperiments. Instead o fglycerol,

glucose was used either in the same gram amount ofglycerol (30 g/L) or in the same

mole amountofglycerol (326 m m ole/L). A dditionally, to investigate co-utilization o f

tw o carbon sources (glucose and glycerol), the m ixture o fthe same amount of each

(15 g/L) was used. Each clone was induced by IPTG to the same final concentration

to attain the m axim um yield of L-Phe as previously identified. As shown in Figure

3.47-3.50, it was found that all four clones had closely sim ilar profiles o f growth,
substrate utilization, L-Phe production and the pH values of medium ,k, except for the
grow th curve of pPYFK clone in m edium containing 30 g /L of glucose (Figure

3.47D) when they were cultured in different m edia (i.e. glycerol (30 g/L), glucose (30

g/L), glucose (326 m m ole/L) and glucose-glycerol m ixture (15 g /L of each).

The medium containing glucose gave the values o fbiomass concentration (1.9- to 2.6 -

fold) (Figure 3.47) and L-Phe production (4.5- to 9.6-fold) (Figure 3.49) lower than

those ofmedium containing sole glycerol.

It was found that in glucose-glycerol mixture medium , glucose was gradually
utilized w hile glycerol seemed hardly utilized (Figure 3.48). This result could be
explained w ell with previous observation in E CO“JM 101 that was cultured in

a m ixture o f glucose and glycerol as carbon sources. Clearly, after glucose had been
com pletely exhausted, glycerol w as initia lly consumed. M oreover, for E C0||,
the presence o f glucose inhibits the wutilization of secondary carbon sources known as

carbon catabolite repression (M artinez et ah, 2008: online). Furtherm ore, this event
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Figure 3.47 G rowth profiles ofE.COIiBLZl(DE3)harbouring pPheDH (A), pPY (B),
pPYF (C) and pPYFK (D) in production m edium containing 30 g/L o fglycerol (1),
30 g/L o fglucose (B ), 326 m m ole/L (or 58.73 g/L) o fglucose () and the m ixture o f
15 g/L o fglucose and 15 g/L o fglycerol (A ) in shake flask culture. Data shown were

the means o ftwo independentcultivations.
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Figure 3.48 Carbon source consumption profiles of E. coli BL21(DE3) harbouring
pPheDH (A), pPY (B), pPYF (C) and pPYFK (D) in production medium containing
30 g/L of glycerol (+ )30 g/L of glucose (H), 326 mmole/L (or 58.73 g/L) of glucose
(+) and the mixture of 15 g/L of glucose (A) and 15 g/L of glycerol (A) in shake
flask culture. Data shown were the means of two independent cultivations.
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Figure 3.49 L-Phe production profiles of E. coli BL21(DE3) harbouring pPheDH (A),
pPY (B), pPYF (C) and pPYFK (D) in production medium containing 30 g/L of
glycerol (+ ), 30 g/L of glucose (H), 326 mmole/L (or 58.73 g/L) of glucose (#) and
the mixture of 15 g/L of glucose and 15 g/L of glycerol (A) in shake flask culture.
Data shown were the means oftwo independent cultivations.



may occur from glucose inhibition of glycerol utilization. In glycerol utilization,
E. coli glycerol kinase catalyzes the rate-limiting step. Its catalytic activity is
aliosterically regulated at the protein level by two effectors, the fructose 1,6-
bisphosphate and the phosphocarrier protein of phosphotransferase system (Pettigrew
et ., 1996). Also, it was reported that if possible, media containing glucose should
usually be avoided for culturing E. coli in shake flasks because this induces overflow
metabolism despite of under unlimited-oxygen conditions (Losen et ah, 2004) leading
to acetate undesirable by-product formation that is known to cause several negative
effects on growth and protein production (Kleman and Strohl, 1994; Eiteman and
Altman, 2006). High acetate titers not only caused a reduction of glucose uptake but
also a reduction of L-Phe formation (Gerigk et ah, 2002).

When observing the pH value of glycerol and glucose medium, it was found
that all medium containing glucose had a faster rate ofreducing pH value compared to
that in medium containing glycerol (Figure 3.50). This was consistent with previous
report in which the formation of acetic acid was taken place during the earlier phase
of cultivation in glucose medium. In contrast to in glycerol medium, acetic acid was
initially formed later and was particularly rapid at the end of the cultivation (Nakano
et ah, 1997).

From these results, it was suggested that glycerol was absolutely a better
carbon source than glucose. This was mainly due to higher biomass and L-Phe
concentrations of recombinant clones in glycerol medium than those in medium
containing glucose.

From section 3.9.2, the result of L-Phe production in different engineered
E. coli (pPheDH, pPY, pPYF and pPYFK clones) led to an important information.
It was clear that the overexpression of yddG gene encoding aromatic amino acid
exporter could significantly improve the L-Phe production in E. coli containing phedh
gene. Consequently, each of these previous constructed plasmids pPT, pPTF, pPTFK,
PPTFB should be added with the yddG genes and its T7/ac promoter to generate
pPTY, pPTFY, pPTFKY and pPTFBY, respectively to ensure that the L-Phe
production ofall clones was significantly increased.
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Figure 3.50 The medium pH profiles when E. coli BL21(DE3) harbouring pPheDH
(A), pPY (B), pPYF (C) and pPYFK (D) were grown in production medium
containing 30 g/L of glycerol (+ ), 30 g/L of glucose (H), 326 mmole/L (or 58.73
g/L) of glucose (©) and the mixture of 15 g/L of glucose and 15 g/L of glycerol (A)
in shake flask culture. Data shown were the means of two independent cultivations.



3.10 The addition ofyddG gene into pPT, pPTF, pPTFK, pPTFB to
produce pPTY, pPTFY, pPTFKY and pPTFBY

3.10.1 Cloning ofyddG gene into recombinant plasmid pPT

To prepare pPTY containing phedh, tktA and yddG genes, the pPT
(7,201 bp) was digested with BamH!I and EcoRV to retain the 5,682 bp fragment
containing tktA gene and to delete the DNA fragment of 1,339 bp containing phedh
gene. The specified fragment of 5,682 hp performed as vector was purified from the
gel. The insert fragment 2,315 bp consisting of phedh and yddG genes was obtained
by cutting the pPY (5,931 bp) with the same restriction enzymes. The insert fragment
and the vector fragment were ligated resulting in pPTY (7,997 bp) (Figure 2.12B).
After the resulting ligation had been introduced into E. coli BL21(DE3), the desired
clone was selected and its plasmid was identified by cleaving with Bamwl and
EcoKV. The fragments of 5,682 bp and 2,315 bp were obtained (Figure 3.51).

3.10.2 Cloning ofyddG gene into recombinant plasmid pPTF

The recombinant plasmid pPTFY containing phedh, tktA, glpF and
yddG genes was created by the combination of the DNA fragments obtained from
PPTFY (6,817 bp) and pPTY (7,997 bp) digestions. The pRSFDuet-1 vector fragment
of 4,467 bp containing glpF gene was prepared by digestion of pPTFY with
restriction enzymes BamH| and Xhol. Also, the insert fragment (4,416 bp) containing
three genes, phedh, tktA and yddG genes, was prepared by digestion of pPTY with
BamHI and Xhol. After both of these eligible fragments had been purified from
the gel, these were ligated to form pPTFY (8,883 bp) (Figure 2.13A) and transformed
into E. colihost cell. The engineered E. coli BL21(DE3) hearing pPTFY was selected.
The plasmid pPTFY was digested with BamH1 and Xhol. It was likely that only single
intense DNA band of approximately 4.5 kb was appeared as shown in Figure 3.52.
However, this band virtually contained the two bands of 4,416 and 4,467 hp. These
fragment sizes were too close to be separated apart on 0.s% agarose gel.
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Figure 3.51 Restriction pattern ofrecombinant plasmid pPTY
Lane m 100 bp DNA ladder
Lane 1-5 ftalwHITEcoRV-digested pPTY

Figure 3.52 Restriction pattern of recombinant plasmid pPTFY

Lane m = 100 bp DNA ladder

Lane 1 = Ra/nHI/ATzol-digested pPYF

Lane 2-7 = Sa/wPII/YTzol-digested pPTFY
Lane s = itamHI/ATiol-digested pPTF
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3.10.3 Cloning ofyddG gene into recombinant plasmid pPTFK

To produce pPTFKY containing phedh, tktA, glpF, glpK and yddG
genes, the pPTFK (9,438 bp) was cut with Ascl and Afin to give the pRSFDuet-1
vector fragment inserted with four genes of 9,400 bp (i.e. phedh, tktA, glpF and glpK
genes). The 1,014 bp fragment containing yddG gene was prepared by digesting
pYddG with Ascl and Aflu and played as insert fragment. The ligation between
the vector and the insert fragments was performed leading to pPTFKY (10,414 bp) as
shown in Figure 2.13B. The pPTFKY was transformed into host cell and the plasmid
was verified by double digestion with Ascl and Aflu. The obtained fragments in
lengths of 9,400 bp and 1,014 bp are showed in Figure 3.53.

3.10.4 Cloning ofyddG gene into recombinant plasmid pPTFB

Eventually, the plasmid pPTFBY containing phedh, tktA, glpF, aroB
and yddG genes was constructed. The pPTFB was digested by BamYU and Xhol to
give the potential vector containing glpF and aroB genes of 5,186 bp. Similarly,
the pPTY was digested with the same restriction enzymes to produce the DNA
fragment of 4,416 bp containing phedh, tktA and yddG genes. After recovering each
of these two wanted fragments from the gel, they were ligated together to carry out
PPTFBY (9,602 bp) (Figure 2.14). This ligation was transformed into E. coll
BL21(DE3) host cell. The E. coll BL21(DE3) harbouring pPTFBY was selected and
the plasmid pPTFBY was analyzed by digestion of BamYU and Xhol. The restriction
fragments of approximately 5.2 and 4.5 kb were showed in Figure 3.54,

3.11 Expression of recombinant plasmids pPTY, pPTFY, pPTFKY,

pPPTFBY,pPTFBLY and pPTFBLYA inE. coliBL21(DE3)

When observing the gene expression levels of five transformants of individual
recombinant clone as previously mentioned in section 3.8, it was found that they had a
similar level of specified gene expression. Therefore, one transformant was randomly
chosen for exploring ability for L-Phe production in shake flask. Primarily, these six
clones (ie. pPTY, pPTFY, pPTFKY, pPTFBY, pPTFBLY and pPTFBLYA) were
investigated whether each gene appeared on recombinant plasmid was simultaneous
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Figure 3.53 Restriction pattern of recombinant plasmid pPTFKY
Lane m = 100 bp DNA ladder
Lane 1-5 = riscllrilni-digested fragment of pPTFKY
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Figure 3.54 Restriction pattern of recombinant plasmid pPTFBY

Lane m = 100 bp DNA ladder

Lane 1 = BamHI/Xhol-digestedfragment of pPTFB
Lane 2-7 = Ra/nHI/ATiol-digested fragment of pPTFBY
Lane s = ftamHI/ATzol-digested fragment of pPTY
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expressed in the same E. coli host cell asjudged by distinct band on Coomassie Blue
stained SDS-PAGE gel. The protein patterns obtained from both crude extract and
whole cell extract of these clones were compared to that of the control E. coli
BL21(DE3) harbouring pRSFDuet-1 vector, pPheDH and pPY as shown in Figure
3.55. It was shown that each clone could produce proteins in soluble form because
band density of proteins in crude extracts and whole cell extracts after induction with
ImM IPTG for 3 h were in good agreement (Figure 3.55A and B).

When considering each desired protein band (PheDH, TktA, GIpK, AroB,
AroL and PheA) that could be detected upon SDS-PAGE stained with Coomassie
Blue, it was found that phedh gene in all recombinant clones were expressed with
apparent molecular weight of 42 kDa (lane 2-9) that was matched to its theoretical
one. The levels of visualized PheDH protein band in each of these different clones
were varied as similar to PheDH activity. These six clones showed their PheDH
activity ranging from 4.2-15.8 unit/mg protein (Table 3.3). Distinctly, all clones had
lower PheDH activities compared to clone expressing phedh gene only (pPheDH
clone).

All clones containing tktA gene encoding transketolase A (i.e. pPTY, pPTFY,
PPTFKY, pPTFBY, pPTFBLY and pPTFBLYA) showed similar visible levels of tktA
expression with sharp TktA protein band of 72 kDa (lane 4-9) in both crude extract
and whole cell. For pPTFKY clone, glpK gene encoding glycerol kinase showed
the higher intensity of protein band of 56 kDa (lane ). For recombinant cells
containing aroB gene encoding 3-dehydroquinate synthase (pPTFBY, pPTFBLY and
PPTFBLYA clones), it was found that no extra intensity of AroB protein band at
predicted size of 39 kDa could be detected (lane 7-9). Possibly, this concentration of
IPTG (1 mM) and induction duration (3 h) was not suitable for aroB gene expression
within these three clones. The useful method for optimization of the expression of
multiple genes is the arrangement of several genes as an operon to facilitate
coordinated expression of multiple genes (Pfleger et al., 2006). Moreover, an
expression level for producing AroB protein was too low to be visualized by
Coomassie Blue stained SDS-PAGE gel. The low expression titer of aroL gene
encoding shikimate kinase Il in (pPTFBLY and pPTFBLYA clones) was observed as
faint band at 19 kDa (lane 8-9). For the latter, expression of pheA gene encoding
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chorismate mutase/ prephenate dehydratase in pPTFBLYA clone, the PheA protein
produced was observed as faint visible band of 43 kDa (lane 9).

By comparison of protein pattern of cells with (Figure 3.55A; lane 4-8) and
without (Figure 3.56A; lane 3-7) additional expression of yddG gene such as
PPT/pPTY; PPTF/pPTFY;  pPTFK/pPTFKY;  pPTFB/pPTFBY;  and
pPPTFBL/pPTFBLY), it was found that the presence of additional yddG gene rendered
that clone to have a low expression level of other co-expressed genes. It was possible
that the toxicity of YddG disturbed the expression of other genes. The PheDH
activities of pPT, pPTF, pPTFK, pPTFB and pPTFBL clones were varied from 21.3 to
27.2 unit/mg protein (Table 3.3). These activities were higher than those of clones
existing additional yddG gene (pPTY, pPTFY, pPTFKY, pPTFBY and pPTFBLY
clones).

3.12  Optimization of IPTG concentration for L-Phe production
cultivation of pPTY, pPTFY, pPTFKY, pPTFBY, pPTFBLY and

PPTFBLYA clones

In order to investigate whether heterologous expression of the E. coli genes
yddG, tktA, glpF, glpK, aroB, aroL and pheA together with phedh gene was sufficient
to increase capability of L-Phe production in E. coli from glycerol comparing to
that of E. coli containing phedh gene alone. In shake flask, individual engineered E.
coli that harbouring different combinations of genes arranged on single plasmid
PRSFDuet-1 with fixing existence of phedh and yddG genes (pPTY, pPTFY,
pPTFKY, pPTFBY, pPTFBLY and pPTFBLYA) was inoculated in a minimal
medium containing 30 g/L of glycerol and 50 g/L of (NH”SCbh as sole carbon and
nitrogen sources, respectively. The culturing flasks of each clone were added by 0-1
mM IPTG.

The cell growth, glycerol utilization, medium pH and L-Phe production profiles
of all six clones were monitored. The growth curves of these six clones showed
variable types of growth (Figure 3.57). A few clones (pPTFKY and pPTFBLY)
showed similar biomass level both with and without induction (Figure 3.57C and E).
The highest yield of biomass of all clones was observed in range of 4-5 g/L and
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Figure 3.57 Growth profiles ofE. coli BL21(DE3) harbouring pPTY (A), pPTFY (B),
pPTFKY (C), pPTFBY (D), pPTFBLY (E) and pPTFBLYA (F) in glycerol medium
without IPTG induction (+ ) and with IPTG induction to final concentrations of 0.25

mM (H), 0.5 mM (¢) and I mM (A) in shake flask culture. Data shown were the
means oftwo independent cultivations.



mostly, biomass concentration of uninduced clone was lower than those of induced
clones (pPTY, pPTFY, pPTFBY and pPTFBLYA; Figure 3.57A, B, D and F).
In the absence of IPTG, pPTFY, pPTFBY and pPTFBLYA clones could consume
more glycerol than those of induced clones with remaining less amount of glycerol
(~1 g/L) at the end of cultivation (Figure 3.58B, D and F). The pH value of medium
ofinduced clones was gradually decreased to the same value of 4.2 (data not shown).
As mentioned in section 3.9.2, to select which clone was the best for L-Phe
production (pPheDH, pPY, pPYF and pPYFK clones), the L-Phe production rate was
considered due to the fact that their highest values of L-Phe concentration were
approximately 250 mg/L (230-280 mg/L) which were not clearly different among
the four clones. The production rate should be considered within 120 h after induction
in which it was still linear. However, in this section, the critical parameters used for
monitoring these clones were the L-Phe production rate and the highest value of
L-Phe. The production rates of these remaining six clones are shown in Figure 3.59
and summarized in Table 3.4. It was found that all clones showed higher in hoth
L-Phe production rate and the maximum value of L-Phe than those of pPheDH clone
indicating all combinations of gene expression actually caused an improvement of
L-Phe production from glycerol. The pPTFBLY clone gave the highest production
rate of 3.36 mg/L h which was 2.1-fold higher when compared to rate of pPheDH
clone. The highest L-Phe production of pPTFBLY clone was observed at 429 mg/L.
Surprisingly, this value was obtained from the condition without induction. This was
consistent with Moon and coworkers’ work. It was reported that increasing
the inducer (IPTG) concentration to increase expression resulted in lower product
concentration. They investigated the production of glucaric acid from a synthetic
pathway in recombinant E. coli by co-expression of pTrc99A and pRSFD-IN-MI
(a derivative of pRSFDuet-1) (Moon et ah, 2009). The other five clones (pPTY,
PPTFY, pPTFKY, pPTFBY and pPTFBLYA) had the production rates of 2.21-2.94
mg/L h with final values of L-Phe concentrations of 340-390 mg/L. As indicated in
Table 3.4, it was suggested that some clones used different concentrations of IPTG to
reach the highest L-Phe production rate and L-Phe concentration. As shown in Figure
3.59, some clones had a lower rate of production during initial cultivation but had
the highest L-Phe concentration at 240 h of cultivation. Thus, to attain an appreciable
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Figure 3.58 Glycerol consumption profiles of E. coli BL21(DE3) harbouring pPTY
(A), pPTFY (B), pPTFKY (C), pPTFBY (D), pPTFBLY (E) and pPTFBLYA (F) in
glycerol medium without IPTG induction (+ ) and with LPTG induction to final
concentrations of 0.25 mM (SI), 05 M (®) and 1 mM (A) in shake flask culture.
Data shown were the means oftwo independent cultivations.
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Table 3.4 Comparison of parameters in shake flask cultivation of different

recombinantE. coli BL21(DE3)

No.

10

Recombinant
clone

pPheDH
pPY

DPYF
DPYFK
pPTY
DPTFY
DPTFKY
DPTFBY
DPTFBLY
PPTFBLYA

L-Phe production

Rate (mg/L h)
(IPTG (mM))
1.61 (o)

2.33 (0.5)
1)
0.25)

)
25)

2

2

86

—

5

ro
o
=~
(=)
(S

2.21 (0.

21 (0

(
(
(
(
2.32(1)
2.90(1)
3.36 (0)

2.76(1)

Fold**

1.0
14
1.8
13
1.8
14
14
1.8
2.1
17

L-Phe production

(mg/L)

at 240 h of induction

(IPTG (mM))

230 (0.5)
255 (1)
280(1)
268 (0.5)
345 (0.5)
345 (0.25)
340(1)
316(0)
429 (0)
389 (0)

The L-Phe production rate was considered within 120 h after induction.
"Calculated by comparison to L-Phe production rate of pPheDH clone.



value of L-Phe, the inducer concentration and time profile of L-production of each
clone needed to be selected. It was difficult to indicate whether addition of one gene
led to the improvement of L-Phe production when compared to clone that did not
contain the gene because the yield of production was caused by overall collaboration
ofover-produced proteins.

Also, SDS-PAGE analysis was used to determine heterologous expression
ofeach clone in glycerol medium in the absence and presence 0f 0.25 to 1 mM IPTG,
it was found that if genes were co-expressed with yddG gene (pPTY, pPTFY,
PPTFKY, pPTFBY, pPTFBLY and pPTFBLYA), an expression of individual gene in
protein pattern of whole cell extract was not clearly observed when staining gel by
Coomassie Blue as shown in Figure 3.46. Possibly, all inserted genes did not
simultaneously express in a given time. It is not easy to co-express genes since they
must be expressed at approximately balanced levels to avoid the accumulation of
toxic intermediates or bottlenecks that result in growth inhibition or suboptimal yields
(Pfleger et ah, 2006).

To improve L-Phe titer produced, the recombinant clone should be cultured
in a bioreactor with additional controlled parameters (i.e. pH, aeration). However, the
bioreactor experiments were operated when the optimization of L-Phe production of
recombinant clones pPTY, pPTFY, pPTFKY, pPTFBY, pPTFBLY and pPTFBLYA
has not completed. Thus, pPYF clone, that was proven to be the best for producing
L-Phe among the four clones (pPheDH, pPY, pPYF and pPYFK) as reported in
section 3.9.2, was used as a model to examine L-Phe production under the control of a
bioreactor system.

3.13 Fermenter cultures

3.13.1 Batch fermentation
L-Phe production by the pPYF clone was examined in a 5 L stirred
bioreactor (3.5 L working volume). The cultivation (37 °c, pH 7.4) was carried out
for 84 h at an agitation rate of 400 rpm and an aeration rate Twm. The time courses
of L-Phe production, biomass and residual glycerol were shown in Figure 3.60.
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Figure 3.60 Fermentation profile of cell growth (-)s residual glycerol (A),
concentration of L-Phe (1 ) and dissolved oxygen (O) of E. coli BL21(DE3)
harbouring pPYF. Glycerol medium at an aeration rate of 3.5 L/min and an impeller
speed of 400 rpm was used. Data shown are averaged values of two independent
experiments.



The L-Phe production was accumulated in the medium before starting of induction
with L mM IPTG (0 h) and reached a maximum value or 366 mg/L at 56 h after
induction. This profile coincided with exhaustion of glycerol in the medium and
consequently there was no further increase either in the concentration of L-Phe or of
the hiomass.

In comparison with shake-flasks, the stationary phase of growth occurred
earlier (at 64 h from start of induction) in the bioreactor because of highly aerobic
condition. Consequently, all glycerol was consumed. In shake flasks, L-Phe
production at the beginning of induction o h) cloud not be detected and the first time
that L-Phe could be detected by HPLC was at 24 h after induction while
the production in the hioreactor could be detected at To of induction. It means that
L-Phe was produced and accumulated in medium prior to induction suggesting that
a pRSFDuet-1 vector system under the control of T7/ac promoter had a leaky
production of protein similar to the pET vector system under the control of plain
T7 promoter although T7/ac promoter-controlled system had a strictly greater
requlation than that of T7 promoter-driven system. Possibly, in bioreactor condition,
the leakiness of gene expression without induction could take place faster than that in
shake flask.

An expression vector, pRSFDuet-1 has a relatively high-copy number
containing the RSF origin of replication allowing copy numbers of greater than
100 per cell. High-copy plasmids are widely useful for generating numerous
quantities of plasmid DNA, but are generally inadequate for tightly regulation of gene
expression. Although pRSFDuet-1 vector was reasonably designed to carry the lacl
gene to ensure the expression of sufficient Lacl repressor to control basal expression,
gene expression using the lac promoter is well known “leaky” due to insufficient
repressor molecules available to suppress gene expression from a high-copy number
plasmid. It is especially difficult to avoid hasal gene expression when using the
popular lac repressor system, because four repressor molecules (forming a tetramer)
are needed to bind to a single operator sequence in each cell in order to suppress gene
expression (Gruber et al., 2008). However, to convert a high-copy plasmid to
a requlatable expression plasmid by avoiding the process of subcloning DNA
fragments into low-copy plasmids and to maintain a low residual gene expression,
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Gruber and coworkers (2008) successfully engineered a series of compatible plasmids
that permit titration of the Lacl repressor protein in E. coli by co-expression with
a high-copy plasmid. One advantage of this method is that it can be applied to an
expression of membrane proteins and toxic or poorly tolerated proteins to E. coli.

The peak biomass concentration of 4.9 g/L in the bioreactor was not
significantly different compared to in the shake flask culture (4.4 g/L). In bioreactor,
the peak hiomass concentration of 4.9 g/L was ohserved at 44 h of induction.
After that, it was gradually decreased and attained 3.9 g/L at the end of fermentation
(84 h). In shake flasks, the biomass concentration of 4.5 g/L was obtained at 120 h of
induction and this level still remained until the end of cultivation (240 h). Probably,
in bioreactor glycerol was fully consumed and insufficient. But in shake flasks,
glycerol concentration was sufficient and still retained ~s g/L at 240 h,

The peak L-Phe concentration in the bioreactor (366 mg/L) was nearly
1.3-fold the peak value obtained in the shake flasks (280 mg/L). In the bioreactor,
the peak L-Phe concentration was attained at 56 h, but shake flask cultures required
216 hto reach the peak concentration. Thus, L-Phe productivity of the bioreactor was
nearly 5-fold greater than the shake flask productivity. A better supply of oxygen in
the bioreactor contributed its higher productivity compared to the shake flasks.

To mimic the pH value adjustment of medium to 7.4 as in the bioreactor,
the preliminary experiment concerning with/without pH control of medium to 7.4 of
pPheDH and pPY clones in production medium containing 40 g/L of glycerol and 50
g/lL of (NH4)2SU4 supplemented with 0.25 mM IPTG was investigated. In shake
flasks without pH control, the pH gradually declined from an initial value of 7.4 to 4.2
at 168 h; however, daily adjustments of pH to 7.4 during the cultivation did not show
any improvement in L-Phe titer compared to control flasks (no pH adjustment),
although the final biomass concentration in the pH-adjusted flasks was nearly twice as
high as in control cultures. It was confirmed that cells grew well in neutral pH.
Beyond pH, there are other factors causing limitation of L-Phe production in shake
flasks. Possibly, an insufficient oxygen supply in shake flask as aforementioned in
section 3.9.2 might be one reason leading to limited L-Phe production. This supported
why L-Phe production in bioreactor was better than that in shake flask.
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3.13.2 Fed-batch fermentation

As reported in section 3.13.1, L-Phe concentration of around 366 mg/L
was achieved. This was of course low compared to the best published L-Phe
production processes (50 g/L, Backman et al., 1990; 46 g/L, Konstantinov et al,
1991; 45 g/L, Wang etal., 2011). The final concentration of L-Phe approached 50 g/L
in the fed-batch fermentation. Batch fermentations invariably attain a low final
product concentration because only a small concentration of substrate can be added to
the medium at the start to prevent substrate inhibition of fermentation (Khamduang
et al., 2009b). Thus, fed-batch fermentation in attempts to increase the L-Phe
production was performed.

In batch fermentation, it was found that glycerol was completely depleted
at 60 h while at the same time the obtained maximum biomass concentration was
gradually decreased. An optimum glycerol concentration of 30 g/L in shake flasks
could be identified that allowed an insufficient carbon supply for L-Phe production in
bioreactor. Consequently, the fermentation was started with a relatively low initial
volume of 3 L using exactly the same condition as used in the batch operation (an
aeration rate of 3 L/min (1 wm) and an impeller speed of 400 rpm). One mM IPTG
was added into culture with an ODéwvalue of o.6 for induction.

For fed batch operation, to maintain glycerol concentration nearly to 30
g/L, the feeding of a concentrated medium, containing 200 g/L of glycerol was started
at 40 h after induction in which the high cell density was reached as well as residual
glycerol was approximately of 10 g/L. For the next 20 h, the feeding was applied
again. An air flow rate of 1 wm and an agitation speed of 400 rpm were operated
throughout the experiment. The medium from the bioreactor was continuously
withdrawn every 4-h interval until 120 h. Time course of L-Phe production, biomass
growth and residual glycerol were shown in Figure 3.61. The highest yield of biomass
concentration was 3.8 g/L, that was 1.3 times lower than that in the former hatch
(4.9 g/lL). The maximum value of L-Phe titer in fed-batch was 445 g/L leading to
1.3-fold above the level of maximal titer in batch culture.

For the first and second times of feeding new medium (at 40 h and 60 h),
residual glycerol were observed to be 26 and 30 g/L, respectively. After first feeding,
glycerol was progressively consumed but after second feeding, glycerol still remained
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Figure 3.61 Fermentation profile of cell growth (), residual glycerol (A), concentration of
L-Phe (1 ) and dissolved oxygen (O) of E. coll BL21(DE3) harbouring pPYF with two
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Figure 3.62 Fermentation profile of cell growth (), residual glycerol (A), concentration of

L-Phe (1 ) and dissolved oxygen (O) ofE. coli BL21(DE3) harbouring pPYF with one time

feeding of glycerol. Glycerol medium at an aeration rate of 3.5 L/min and an impeller speed
0400 rpm was used. The feeding of new concentrated medium is indicated by arrow.

187



nearly 30 g/L. It suggested that one feeding of glycerol was clearly sufficient.
The profiles resulting from one feeding at 40 h was shown in Figure 3.62. This result
was closely similar to the first fed batch. The maximal L-Phe production of 545 mg/L
was attained at 112 h with residual glycerol of 18 g/L. This was 1.4- and 1.2-fold
greater than those in batch and first fed batch cultures, respectively.

Owing to the supply of dissolved oxygen (DO) to bioreactor for L-Phe
production by E. coli, a number of previous works reported the variation of dissolved
0xygen concentration that each fermentation system intensively required. To prevent
oxygen limitation, some experimental works kept the dissolved oxygen concentration
above 20% (Gerigk et ah, 2002), or at 40% (Riiffer et ah, 2004; Wang et ah, 2011),
or above 70% (Forberg and Haggstrom, 1988) by cascading the agitation speed or
aeration rate. In our work, the bioreactor system did not control DO concentration.
DO levels were always above 10% saturation.

To enable sufficient oxygen supply to this fed-batch, an aeration rate of
3L/min (1 ! )and an agitation speed of impeller of 400 rpm were modified. Firstly,
the agitation speed was increased from 400 rpm to 600 rpm with the same aeration
rate of 3 L/min. It was found that the maximum attainable biomass concentration was
2 g/L, a 2-fold lower titer compared with that of the best fed-batch fermentation.
Later on, the aeration rate of 4.5 L/min (1.5 vvm) was used with fixing the agitation
speed 0f 400 rpm. The peak biomass concentration of 1.7 g/L was observed leading to
2.2-fold decrease from that of the best fed-batch fermentation. The highest yield of
L-Phe did not exceed 1.96 g/L. The dissolved oxygen concentration was maintained
nearly 100% in these two altered fermentation conditions. Thus, an aeration rate of
3 L/min (1 vvm) and agitation speed of 400 rpm were optimum values for supply
oxygen to this fed-hatch fermentation.

In this work, although the fed-batch fermentations were operated, the L-Phe
production was still lower than previously published by E. coli producer, especially
L-Tyr auxotrophic strain that can produce substantially higher level of L-Phe from
glucose. In order to enhance L-Phe fermentation process using L-Tyr auxotrophic
E. coli, the effects of several factors (glucose feeding, L-Tyr feeding and oxygen
supply) were investigated (Konstantinov et al., 1991; Gerigk et al, 2002; Wang et al,,
2011) normally, in higher scale ofbioreactor (20 L).
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3.14 Furtherworks

In the present study, the combination of six genes encoding PheDH,
transketolase, glycerol facilitator, 3-dehydroquinate synthase, shikimate kinase I, and
an aromatic amino acid exporter of pPTFBLY clone conferred the best L-Phe
production from glycerol but the maximum final concentration of L-Phe was less than
previously achieved in production by E. coli from glucose (50 g/L) (Backman et al.,
1990) or glycerol (5.6 g/L) (Khamduang et al, 2009b). Probably, several
compositions of production medium might not be suitable for this constructed E. coli
because this work used an optimized medium as previously published (Khamduang
et al., 2009b). Furthermore, this work used the wild type E. coli BL21(DE3) as
producer microorganism whereas other studies used E. coli with extensively
engineered pathway of aromatic amino acid biosynthesis.

To improve L-Phe production of pPTFBLY clone, further works suggested are:
1. To optimize the compositions of production medium in shake flask cultivation
2. To improve the L-Phe production in bioreactor

189



	CHAPTER III RESULTS AND DISCUSSIONS
	3.1 Subcloning of phenylalanine dehydrogenase gene
	3.2 Cloning of aroL,pheA and yddG genes into pET-22b(+) vector
	3.3 Subcloning of aroL, pheA and yddG genes into pRSFDuet-1 vector
	3.4 Cloning of aroB, glpF and tktA genes into pRSFDuet-1
	3.5 Cloning of glpF and glpK genes into pRSFDuet-1 vector
	3.6 Expression of recombinant plasmids pAroB, pAroL, pGlpF, pPheDH, pPheA, pTktA, pYddG and pGlpFK in E. coli BL21(DE3)
	3.7 Subcloning of genes combined with phedh in a single vector
	3.8 Expression of recombinant plasmids pPY, pPYF, pPYFK in E. coli BL21(DE3)
	3.9 Shake flask cultures
	3.10 The addition of yddG gene into pPT, pPTF, pPTFK, pPTFB to produce pPTY, pPTFY, pPTFKY and pPTFBY
	3.11 Expression of recombinant plasmids pPTY, pPTFY, pPTFKY, pPTFBY, pPTFBLY and pPTFBLYA in E. coli BL21(DE3)
	3.12 Optimization of IPTG concentration for L-Phe production in cultivation of pPTY, pPTFY, pPTFKY, pPTFBY, pPTFBLY and pPTFBLYA clones
	3.13 Fermenter cultures
	3.14 Further works


