CHAPTER IV

DISCUSSION

Amino acids are known as biomolecules, which play important roles in all
life. Bacteria are one of organisms, which can metabolize amino acid as the energy
sources through the glycolytic or TCA e reactions by using three enzymes.
The first enzyme is pyridoxyl phosphate \:!y[ transaminases, which transfers the
amino group of amino acid to keto\h and resu x___,amlno acid such as glutamate.
The second one is to employ Ws in the w@e amino group from amino

acid in the form of ammoni to use amino acid dehydrogenase.

This enzyme has the advanta ino graup as free ammonia and other

-
important metabolize molecu s pyﬂt\f'ﬂt d_o-ketoglutarate (Nobert et al.,
1994). Phenylalanine de -is (on of enzﬁnes used for producing

importances. Moreover, this

ona iyperphenylalaninaemia and

phenylketonuria (Hummel et al.j IQM'TJSinC@ot erant bacterial strain BC1 has
been reported to produce high phen ’yliﬁnmemogenase activity (Suriyapanpong
et al., 2000), this bacteng—}vas suitably used_for_ﬁmhm%n molecular genetic of

phenylalanine dehydroge __, gene. =

Although phen anine dehydrogenase from strafnLBCI was characterized by

Leksakorn in 2001, n has nevef-been identified. Therefore, strain BC1
was sent to Thallaréﬁlj ﬁ ﬁ mif%mg’lﬂiarch (TISTR) to be
identified by using morphologlcal and biochemical properties such @s gram reaction,
menaiv A B i o e of o
enzymes. The' results suggested that strain BC1 was closely similar to Brevibacillus
brevis. However, Bergey’s manual of determinative bacteriology indicated that
Brevibacillus brevis could not catalyze the deamination of phenylalanine. Thus, to
confirm TISTR suggestion, 16S rRNA gene sequence was analyzed.

PCR amplification of 16S rRNA gene fragments is useful for identification of
bacterial strain with specific primers. This method is rapid, simple and efficient.

From these advantages, it is possible to be used in taxonomic studies of aerobic,
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endosporeforming rods including thermotolerant bacterial strain BCL. Chromosomal
DNA of thermotolerant bacterial strain BC1 was easily prepared by miniprep of bacterial
genomic DNA method. Its molecular weight was found to be greater than 23.1 kb and
Aseo/Asgo ratio was also greater than 1.8 indicating high purity (Manchester, 1995).
This chromosomal DNA was the template for amplification the 16S TRNA whole gene
fragments by PCR method using primer A and H* (Ulrike et al., 1989). Single fresh
colony was also used as sources of DNA template. The PCR product of approximately
1.5 kb was sequenced in both directions qp kt fn r compared with available 16S rRNA

-DDBL database. The highest
homology was found between 165 TRNA geue of olerant bacterial strain BC1 and
Bacillus badius. Additional epetic tree sh Mhat BC1 gave the closest
lu badzus \\IPBrevzbaczllus brevis was
;“ dicated that BC1 should be Bacillus

sequences of Bacillus species in ‘the EN

evolutionary distance val

phylogenetically distinct fi

badius. The conclusion is

distinguished from Brevibacillus breu@_y gm% 5 % NaCl broth. Thus, to confirm
this conclusion, BC1 was_lgrown i p peptone Rgﬁ contai

VA
NaCl: 1, 2, 3, 4, 5 and 6 P-at37-"C-overnight-Bacteriai-strain C1 could be grown in the

raﬁ bacterial strain BC1 was

ed various percentage of

medium containing NaCl u to 5 %. Hence, th

identified as Bacillus badzus

Basic go? ﬁn otide sequencing of
interesting gene. PGB amplification, popular met od was applied. This techmque

NCV, MR DN (1M
primer cou mn@ fr ﬁ ;ﬁ ﬂ () s sources, the

similarity was low. Thus, deduced nucleotide sequence from amino acid sequence of
phenylalanine dehydrogenase was interesting. Phenylalanine dehydrogenase was partially
digested with lysyl endopeptidase, the enzyme which cleavage peptide bond between
lysine and it next amino acid residue. The digested peptides were further purified by
reversed-phase high-performance liquid chromatography (HPLC). Then the amino acid

sequences of isolated peptides were determined by automated Edman degradation amino



103

acid sequencer. The sequence at the N-terminus peptide and internal amino acid
sequences could be identified. After alignments, the positions of each peptide fragments
which overlapped with amino acid sequences of the other phenylalanine dehydrogenases
were indicated. From this data, the degenerated primers used for the PCR amplification of
internal phenylalanine dehydrogenase gene were designed. It is known that templates
used in PCR reaction should be single strand in the purpose of annealing with primers.
The heat denatured chromosomal DNA was previously used as templates, however, it

gave poor PCR amplification due to effeﬂ (W i;; ;Viscosity. So, the chromosomal DNA

was digested by restriction enzk me before om various restriction enzyme

digestions, the chromosomal mengput by PsfI gave the smear DNA pattern of
low molecular weight DNA ‘WMT"’ ges 101 Wltm Bglll, EcoRl, Kpnl, Pvul,
Spel and Xbal still had a hi flat v ei t DNA long\f‘than 9 kb. It can be implied
that chromosomal DNA of :

on agarose gel electrophoresis £ afe‘d‘yvxth?rﬂar rmrker Due to primers used for
this step were degenerated primers, al'.l:‘l;HCR J‘x:?:&.\ons a\’e different non-specific band
patterns. The specific product bandl’s'—\d;terﬁnim size, were extracted for nucleotide
sequencing. Although ansill and Bam‘HI dlgeStedeWA‘fragme did not give the specific
product by using primer =-—5==::-':=-~-—“a—f——;:_: ctively \ ecific product of primer

N1 x C2 (402 bp) was detec when all restriction e dlﬁFsted DNA fragments were

used as templates. It is w1d§1y known that the restriction enzyme used for template
preparation must rﬁ( ﬁ Bbq wﬂm Dﬁtmm?mphﬁed whole gene
fragment cannot be ccurred. Thus, it was implied that Bam IT1, Kpnl, Pstl, Spel
and Xbal res s re; ﬁl ne fragments.
The PCR pmfro ﬁws jﬁ)mmm ﬂﬂﬁ g ABI prism

sequencer. The internal gene about 530 bp was obtained, so the 5°- and 3’- terminal gene

fragment amplification were further done by using the next two series of primers,
designed from the internal nucleotide sequencing data. For sequencing of unknown DNA
region at the 5° and 3’ end of the structural gene, cassette-ligation mediated PCR was

performed (Rosenthal and Jones, 1990).
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The cassette-ligation mediated PCR is a rapid and reliable method for
obtaining sequences flanking a known region of DNA. The source of the DNA may be
anything from chromatin to c¢DNA including the purified insert of a lambda
bacteriophage vector (Rosalind ez al., 1993). DNA containing the target sequence and its
unknown flanking regions is digested with the restriction enzyme specified by the sticky
end of the cassette. After that, it was further ligated to an excess double-stranded DNA
cassette possessing a corresponding restriction site. The ligated products are then
amplified by PCR using the specific and r\alip e primers. The specific primer is designed

to prime synthesis from the known sequen the cassette primer anneals to one

one for two times in which the

e ———

products from the first PC oliter pair of primers, were then used as the

o |
strand of the cassette. In this experiment the, P

templates for the second P mier a‘i"r of prirﬁét‘s—were used to produce more

specific products. Becau mers overlappgd to each other and the

i"

distance between each oute
products, which gave smaller band't If‘the ﬁ:é l‘-rC prpducts were purified and used for

nucleotide sequencing. Since rect: P\Clif quenci g‘method can determine only up

I

to 300 bp from the priming site, anew _Em‘nen nece a;'y to be synthe31zed according

i"-’f

: o confused. Thus, the :;j‘
. |
obtained. The nucleotide sequence of the phenylalanine d€hydrogenase gene contains

- tﬂmmmﬁa A i‘;‘i‘”ZiZi;’Z
B AN TIOLUBVING VR E s o

sequence analyzed from 7 peptides, which were obtained by lysyl endopeptidase

sequence of this gene wa binding site could not be

digestion. Amino acid sequences of all phenylalanine dehydrogenases were aligned by
using the CLUSTAL X (1.64 b). The overall similarity scores of phenylalanine
dehydrogenase from Bacillus badius BC1 compared with Bacillus badius,
Thermoactinomyces intermedius, Bacillus sphaericus, Sporosarcina ureae, Bacillus

halodurans and Rhodococcus sp. were calculated to be 98, 75, 70, 70, 62 and 35 %,
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respectively. According to Brunhuber et al. (1999), Lys-78 and Asp-118 were necessary
for stabilizing and binding of phenylalanine in the active site of the Rhodococcus
enzyme. Both of residues were identical in all the phenylalanine dehydrogenase
sequences including Bacillus badius BC1 enzyme. In addition, conserved residues in the
catalytic domains G-G-(G or S or A)-K-X-(V or G)-X-X-X-(D or N)-(P or L) at the
N-terminal (amino acid position 87 to 97 in Figure 3.23), and the glycine-rich nucleotide
binding domain G-X-G-X-X-(G or A) at the C-terminal (amino acid position 190 to 195
in Figure 3.23) were also found (Yamada& \tlfl 995). However, its can be noted that

some disparity of amino acid sequt_e__nies may cal ﬂe;nt properties of Bacillus badius

BC1 phenylalanine dehydrogem -pub}ishe; badius enzyme (Leksakorn,

2001). — 7 ——
Finally, to overexpress ’

yl aiﬁ"ine del@'ﬂ?genase gene in E. coli under
the regulation of lac promoi€r o ic whole gene fragment was amplified

by using the 5’ end primers a]garno sequence of plasmid pTrc99,
the expression vector for E. ¢ ﬁ?olq\gene fragment was purified
before the digestion EcoRI an “the whole gfne fragments were ligated to
EcoRI-BamHI site of pUCI8 fand “transforme i E. coli JM109 host cells.
White colonies, expected to contain Bg{ieg‘&lal ! ydrogenase gene, were selected.

e A

L AN TN .. N
Recombinant ﬂones weré/'growﬂ ﬁe"rﬁedm_m ontaining ampicillin and

-

further determined for phésyiatanine-dehydrogenase-activity: Betause the gene fragments
did not have their own prQ’ oter, so they were ¢ ssed ; der lacZ promoter on the
plasmid pUC18. Then IPTG Jvas added to induce phenylalanine dehydrogenase gene

F~ 9 o/
expression. From Zﬁaﬂ) KEJC ‘Ejl e&d‘ﬂw r€‘f qges of insert plasmid.
PHTETI ET

The first type of ¢plasmid was the ideal target recombinant plasmid, contained

phenylalani 0 ene joi . i ;Tﬁx lﬁi er, extracted
recombinanapm ﬁﬁjﬁ jmnﬁd T Mﬁn gagarose gel
electrophoresis. Twenty-two colonies harboured this type of plasmid. Their phenylalanine
dehydrogenase total activities were found between 0-338 units/ 100 ml culture.
High expression was the result from 1) The gene was expressed under lacZ promotor
which can be induced by IPTG. 2) The upstream region of the inserted plasmid contained
Shine Dalgarno sequence of expression vector pTrc¢99 which supported the translation in

E. coli host cell. However, low enzyme activities were also observed from crude extracts
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of transformant carried this type of plasmid since the inserted gene fragments were
prepared by PCR under the reaction contained Tag DNA polymerase which lacked of
proof reading activity. The mutation may be occurred at the nucleotide coding for
essential amino acid residue of the enzyme. In order to decrease the possibility of
mutation DNA polymerase consists of proof reading activity such as Venr DNA
polymerase should be use in whole gene amplification. The second type of plasmids,
found in one recombinant clone, also contained one piece of pUC18 connected with one

piece of inserted gene fragment as descnptgl ; t;e first type, but its extracted plasmid

contained another band between supercoﬂ *d_form when electropheresed on

agarose gel. This band was not,}o ' orm based on its mobility

compared with A/HindIII starﬂﬂﬂ'_/ r, This typ%d expressed the moderate

level of phenylalanine deh t 1rd type of plasmid had higher molecular

weight than the first type, : > a band of inserted gene after double
digestion. It can be suggest ifS p ' N, v?q.ctor was changed. The third type
very low level of the enzyme.
The last type showed 2 majn § “ wh eir mobility of cut and uncut
u s
In addition to 2 strong bands, thls-:g_pe
corresponded with the patfirn of the‘ﬁrst iy;-fe 2 %g iogjwith EcoRI and BamHI,
the result showed no ma phenylalanine dehydrogenase gent e-ftagment. In contrast, the
highest total activity with 69:} fold higher than th F cill:ﬁbadius BC1 was produced
by transformant No. 22, a% only one clone that showed the last type plasmid.

Thus, transformantﬁwlﬂ"gwﬁw ?%ﬁfjﬂﬁjﬁam clone and clone

containing only pUCI18 vector. To prove this hypothesis, ten smgle colonies of

transforma m iﬁ?{f mﬁmﬂpj E‘, ant No.22
colonies gave;the s Qat m h ‘th pe ‘o a id (data not

shown). It was clearly to say that transformant No.22 was quickly received some effects

from host cell deletion process. Thus, inserted gene fragment was hardly detected by
plasmid extraction.

Many researchers attempted to clone phenylalanine dehydrogenase gene by
various techniques. In detail, Asano (1987) recovered phenylalanine dehydrogenase gene

fragment from estimated size of digested chromosomal DNA isolated from Bacillus
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badius by electroelution, and then ligated with EcoRI-digested pBR322. E.coli RR1 was
used for host cell. Next, Takada (1991) used the same method to prepared gene fragment
from Thermoactinomyces intermedius, ligated into the BamHI site of pUC18 and
transformed to host cell E.coli MV 1184. Finally, Norbert (1994) constructed
oligonucleotide probe by PCR method, using genomic Rhodococcus DNA as the template
and degenerated primer designed from amino acid sequence of purified enzyme.
The probe was used to screen phenylalanine dehydrogenase gene fragment from cosmid
library of Rhodococcus genomic DNA, q\ew gment was cloned into pET-3d vector,
transformed to E.coli BL21 (DE3) and indnc lanine dehydrogenase production
by 1 mM IPTG. However, exgﬁvel J’f f me was rather low about 1-2

Jy for advanTE‘study such as the structure and

la hcatlons s known that the basic

fold of wild type. It was i

function of the enzyme

requirements for the succe o ecpmbmant enzyme are the isolation of the

d",“.

-
elgpgnt f sultable expression system for the
i

gene encoding that enzyme and

e g&b vere mssed is generally incorporated in

iy PR L 1

stgong -prde:p at ‘the expression of the gene can
 so ther h!lnge in the culture medium.

gene (Price and Stevens, 2000)¢
a plasmid under the control of
be induced by addition of an i ucem'.n_;F'. 50
In this case, the gene was expressed‘tmdﬁr lac@{noter and can be induced by IPTG.
Moreover, Shine Dalgar::li) sequeﬁee" of expgggﬁ‘vectgr pTrc99 was designed at
upstream region of .» lehydiogenase goin

#he highest total enzyme
activity of recombinant lcﬁes was about 60 tim han that of Bacillus badius

BC1 wild type.

Due to th ( a’i -~ f ents, which were cloned
into host cell did ng}ﬂrﬁ? ﬂﬂm‘aw}lﬂnﬁ the plasmid pUC18
was used a ﬁi nase“gene expression.
Hence, theﬁ ﬁ,’ﬁﬁﬁﬁ § mﬁﬁﬁﬁﬁ ransformant

No.15, which showed the highest phenylalanine dehydrogenase activity among the

transformants containing the first type of plasmid, was grown, induced by 1 mM IPTG
and continuously grown for various periods of times before cell harvested. The result
showed that 120 minutes was optimum time to induce phenylalanine dehydrogenase
production. In addition, the enzyme production could not induce at 300 minutes.

From the results, it can be noted that phenylalanine dehydrogenase activity which
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produced from the 25 recombinant clones as described in section 3.9 should not present
the optimum activities since the induction time was 120 minutes.

Stability of phenylalanine dehydrogenase gene from recombinant clones that
showed high phenylalanine dehydrogenase activity was studied by daily subculturing for
15 days and retransformation into host cell. Plasmid of the 15" subcultured transformants
gave the same patterns with their original plasmids and can be digested with EcoRI and
BamHI. The crude extracts of the 5%, 10™ and 15™ subcultured clone were prepared and
enzyme activity was determined and \cg\t*frfl with the activity of their parents.
The result indicated that each clone ShO{W % ression level of phenylalanine
dehydrogenase gene. Variatioq_ﬁéb&lalapine @enase activity in each clone
may cause from copy numﬂ"f € co Jbin&ﬁ?ﬁﬂ%‘lﬁd during cultivation step.
Enzyme activity of five tranf I.

subculturing for 15 times.whil

4, 6,'":;'10, 15 and 20 were still remained upon
ctivity Of transformant No. 22, which

harboured the last type of since the crude extract of the 5™

subcultured clone was detect at {he beginning, recombinant

plasmid of transformant No. ‘the ‘prope
¥ | e

: ilar to the first type of plasmid
since the weak bands corresponded _&;ﬁfhé-“

rn of the first type were detected.

F o

-

enase gene of its original plasmid

%hm%la

highest among all transfoFmants-though-its-ongmai-piasm ands were very weak.

P sk -
Moreover, the express of the phenyf‘ala_‘nine d

to

should be very high becsuse the fgil'acml : lanine dehydrogenase was

The high expression of phq‘ﬁ:ylalanine dehydrog ich ‘ as nonessential protein in

E. coli may disturb the common metabolism of the host cell so the inserted phenylalanine
'

dehydrogenase genﬁﬁlﬁiﬂ?@ﬁﬁlﬁs%}w‘ﬂ dbrﬂ majority of pUC18
' i lasmi

band when agarose @gel electrophoresis of transformed p was done. This result
) SN TART4E /IO (1)
deletion process.

After retransformation and plasmid extraction, the same patterns of
recombinant plasmids were obtained. In addition, all of retransformant clones were
grown and crude extracts were prepared. Subsequently, they were subjected to
native-PAGE. The result showed that phenylalanine dehydrogenase activity of all

retransformants was still constantly remained.
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From two experiments for assay stability of phenylalanine dehydrogenase
gene, its can be noted that phenylalanine dehydrogenase gene in transformant No.22 was
possibly removed. Plate culture or plasmid form was acceptable method to keep the
recombinant clones.

In this study, the sequence of phenylalanine dehydrogenase gene from
Bacillus badius BC1 was determined and the structural gene has been successfully cloned
and overproduced by PCR method. The obtained information can be used as primary data

I
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