








INTRODUCTION

A huge quantity of one-carbon (C,-) compounds such as methane
methanol and CO, of several oxidation levels exist in the nature. Microbes
growing on reduced C -compounds such as methane, methanol and methylated
amines, as their sole source of carbon and energy, must form every carbon-
carbon bond. These microbes are called methylotrophs by analogy of autotrophs
that are able to use CO, as their sole source of carbon. Methanotrophs able to
grow on methane constitute a subgroup of the methylotrophic bacteria.
Methylotrophs are those microorganisms able to grow at the expense of
reduced carbon compounds containing one or more carbon atoms but containing
no carbon-carbon bonds. While facultative methylotr¢ "1s are able to grow

1 a variety of other organic multi-carbon compa 1ds, obrigate methylotrophs
can not grow on carbon sources other than C,-compounds. The ecology of
methane-utilizing bacteria has been reviewed by Quayle (74), Whittenbury
et. al. (101, 102) and Hanson (36). Methane is produced anaerobically by
methanogenic bacteria. Methanol arises in nature by the oxidation of methane
and by the hydrolysis of methyl ethers and esters present in pectin and lignin
which are major st ural components ¢ plants. And as such, methylotrophs
are abundant in nature and they are readily isolated m almost any sample
of soil, water or sewage.

Most of the methylotrophs that have been well studied are Gram-
negative bacteria, but an increasing number of Gram-p itive methyl 1 ihs

are now being isolated and characterized (55). These organisms growi | 1

)

C,-compounds have to form these bonds in order to synthesize cell constituents
and to oxidize these substrates to obtain energy required for growth. In
methanol-utilizer, at first, methanol is oxidized to formaldehyde by methanol
dehydrogenase. Methanol dehydrogenase present in Gram-negative bacteria
is PQQ-dependent. This well-characterized enzyme (6-8, 29, 31, 38), which
constitutes about 10-15 % of the total soluble protein of the cell-free extract,
is located in the periplasmic space (2, 43, 75, 101, 102). On the other hand,
in Gram-positive bacteria, though only a limited number of methanol
dehydrogenases were reported, thermotolerant, methanol-utilizing strains of
Bacillus methanolicus were found to possess a cytoplasmic NAD-dependent
methanol dehydrogenase (10, 11, 28). The producing formaldehyde by their
methanol dehydrogenase was then led to the assimilation pathway for producing
cell constituents, or to the further oxidation pathway.

Two pathways for the assimilation of formaldehyde in methylotrophic
bacteria are known. One is the serine pathway, which initiates with the
condensation of methylenetetrahydrofolate and glycine to form serine. This
3-carbon compound then undergoes a series of transformations to
phosphoenolpyruvate, which is carboxylated to form malate. The malate is
cleaved into two 2-carbon compounds which are then converted back into
glycine, thus completing the cycle (6). Another is the ribulose monophosphate
(RuMP) pathway (41, 42, 47-49). In this thesis, the author firstly describe the
genetic study on the RuMP pathway. The RuMP pathway can be divided into
three stages (Fig. 1). Stage 1 (fixation), the condensation of three molecules

of ribulose 5-phosphate to yield three molecules of fructose 6-phosphate.






aminofaciens 77a which only grown on methanol as sole carbon source. The
cloned fragment from Me. aminofaciens 77a contained four ORFs (rmpA,
rmpB, rmpD and rmpl). rmpA and rmpB coded for HPS and PHI respectively,
which are key enzymes for formaldehyde fixation in stage 1. rmpD could
code for transaldolase participating in the stage 3 of RuMP pathway. rmp/
and neighboring sequences coincide with IS/0-R. Furthermore, a homologous
gene for rmpA was eventually found in another chromosomal region of Me.
aminofaciens 77a. The duplicated gene contained high similarity sequence to
rmpA .

Chapter 2 describes organization of the RuMP pathway gene cluster
from a Gram-positive facultative methylotrophic bacteria, Mycobacterium
gastri MB19. This strain could grown on several carbon source (glucose,
glycerol, ethanol and methylated amines) but not methane. The cloned fragment
from My. gastri MB19 contained three complete and two partial ORFs (rmpA,
rmpB, rmpC, rmpR and orfI). The four of five ORFs products were known to
function in the RuMP pathway. rmpA, rmpB, rmpC and rmpR could code for
HPS, PHI, G6PDH and a putative regulatory protein respectively. Primary
structure of rmpA and rmpB, organization of RuMP gene cluster and regulation
for rmpA and rmpB expression in Me. aminofaciens 77a and My. gastri
MB19 more discussed.

Chapter 3 describes over production of HPS and PHI in E. coli and
C. boidinii, which form the basis for further applicati 1 of these e1 /mes in

biotechnology.

CHAPTER 1

The RuMP Pathway Gene Cluster from an Obrigate Methylotroph

Methylomonas aminofaciens77a

SECTION 1

Cloning and sequence analysis of the gene encoding 3-hexulose-6-

phosphate synthase from Methylomonas aminofaciens 77a

HPS catalyzes the aldol condensation of formaldehyde with Ru5P to
give HuMP, and participates in the RuMP pathway for formaldehyde fixation
in some methylotrophic bacteria. The enzymes that have been purified from
a methane-utilizer and obligate or facultative methanol-utilizers had the
different characteristic in some properties, e.g. substrate specificity, molecular
weight and macro structure.

As the first step, to study the gene organization and regulation of the
RuMP pathway, author cloned the gene encoding for HPS from an obligate

Gram-negative methylotroph, Me. aminofaciens 77a.

MATERIALS AND METHODS

Bacterial strains, culture condition  nd plasmids

Me. aminofaciens 77a was used as a source of HPS gene (rmpA),






suggested by Perkin-Elmer/Cetus. The PCR product was purified, and cloned

into the Sma I site of pUC118.

Southern hybridization analysis

The Me. aminofaciens 77a genomic DNA digested with various
restriction enzymes was separated and transferred to Hybond-N"* filter
(Amersham). Hybridization was carried out with the PCR product that was
¥P- labeled by using a random primer DNA labeling kit (TaKaRa Shuzo
Co.).

Colony hybridization
Colonies of E. coli transformats were transferred to Hybond-N" filters
and lysed. The liberated DNA was fixed on the membrane and hybridization

was carried out at 42 °C as described previously (89).

Nucleotide sequence analysis

DNA sequencing was performed by the dideoxy chain-termination
method using an automated DNA sequencer (Applied Biosystem, model 373A).
The sequencing reaction was carried out according to the manual of the tag
dye terminator cycle sequencing kit (Applied Biosystem). Synthetic
oligonucleotides used for sequencing the structure gene are based on the
sequence of the PCR product, as follo 5 (number in par. theses refer )
sequence):1 5°-dCTTACCCTTCCGGAAGAACTTG-3’ (1-22),2 5’-d" \G
GTAGCTCCACACGTTGACA-3’ (441-4 '), 3 5’-dCTGCTAACAA( TAC
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GGCAAGAA-3’ (674-696), 4 5’-dGGTGGTGTTAAGCCTGCTACTGTT-3’
(867-890), 5 5’-dCTTGATACCGTTGTGCTTGAT-3’ (507-487), 6 5'-
dCTTCTTGCCGTACTTGTTAGCAG-3’ (647-622), 7 5’-dAACAGTAGC
AGGCTTACACCACC-3’ (890-867), 8 5’-dGGTGGCAGGTCGGCCCAG
TTCG-3’ (1307-1285). The nucleotide sequence data reported appeared in
DDBJ, EMBL and GenBank nucleotide sequence databases (accession number
D64136).
RESULTS

N-terminal and internal amino acid sequences of HPS from Me.
aminofaciens 77a

The first 47 amino acid residues of the purified enzyme were
ALTQMALDSLDFDATVALAEKVAPHVDILEIGTPXIKHNGIKLLETL.
Three major peptides, B1, B6, and B9, from an Achromobacter lysyl
endopeptidase digest had the sequences of YGK, MDAGFYEAEPFYK, and
DAGATIIVAGAAIYGAADPA, respectively (Fig. 1).

Cloning the Me. aminofaciens hps gene

Amplification of a Me. aminofaciens 77a DNA fragment mediated
by PCR with primers N1 and B9 gave single PCR product of approximately
0.5-kb in length. This PCR product was subcloned into pUC118, and its
nucleotide sequence v s determined. Author concluded that the 507 bp
fragment was a partial of Aps, since amino acid sequences of four peptide

fragments derived from the purified enzyme were found in the amino acid

11






promoter in pUC118 by the addition of IPTG.

Table 1. Expression of the cloned HPS gene from Me. aminofaciens 77a.
Me. aminofaciens 77a was grown on basal medium with methanol (28) as sole
carbon source. One unit (U) of enzyme is the amount of catalyzing the
disappearance of 1 umol formaldehyde per min.

S.A.(U/mg)
Strain Plasmid ~ Inserted  ——— 2
(kb) + -
Me. aminofaciens T1a - - - 6.2
pUC118 - ND. ND.
E.coli IM109
pUH1 4.0 5.8 6.2

N.D. Not detected

Purification of HPS expressed in E. coli

The recombinant HPS was purified 39-fold from cells of E. coli
carrying pUH1, with a yield of about 17 %. The specific activity of final
preparation was 188 units mg', which was the same level as that purified
from Me. aminofaciens 77a (199 units mg') (46). The homogeneity of the
enzyme preparation was confirmed to be 41,000 on gel filtration, while SDS-
PAGE anal: s gave a value of 24,000, indicating that the enzyme ex” sin a
dimetric form. The first 20 N rminal amino acids, ALTEMALDSLDFDATV

LAEK-, of the enzyme were identical to those of the enzyme from the parent

strai

~uc otide se 1ence of hps

The total nucleotides of 1,3  bases including the 507 bp of PCR
product in pUH1 were sequenced. An ORF that started from GTG codon at
the nucleotide position 379 and ended with a TAA termination codon at the

position 1,008 was found (Fig. 3).
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-35 region
GTTTCAATCGCCTAGATGCCAGCGCCTCATTGGCGTTGAGATCCGGCGCGCTTGGCGATT 1260
-10 region
ACCATTGCCGTTCCGCTTTTGTATAAAAAGTAGT TTTGATTTTTAGTAGTACTCAATTTG 1320
SD
TAACCCTTTTGGINEEMAGTATCGTGGCATTGACACAAATGGCATTAGATTCACTGGATTT 1380
(") AL T QMALTDSILDF
CGACGCAACTGTTGCGCTGGCTGAARAGGTAGCTCCACACGTTGACATTCTTGAAATCGG 1440
DATVAL®AEZKVAPUHUVDTITLETIG
TACACCATGCATCAAGCACAACGGTATCAAGTTGCTGGAAACTCTGCGCGCAAAGTTCCC 1500
TP CTIKHNGTIZ KTLTLETULRATEKTFP
TAACAACAAGATCCTGGTTGACCTGAAGACTATGGATGCTGGCTTCTACGAAGCTGAGCC 1560
N NK I LVDTLEKTMD®»GFYEHRAEP
TTTCTACAAGGCTGGTGCTGATATCACTACCGTTCTGuAA GTAGCTGATCTGGGTACAAT 1620
F YKAGADTITTVZLGYVA ADTLGT I
CARAGGCGTAATCGACGCTGCTAACAAGTACGGCAAGAAGGCACAGATCGACCTGATCAA 1680
K G VIDAANEKTYGEKTE KA AOQTIDTILTIN
TGTTGGTGATAAGGCTGCTCGTACTAAGGAAGTTGCTAAGCTGGGCGCGCACATCATTGG 1740
VGDE KABARTTE KETVHAZEKTLGA AHTITIG
CGTTCACACTGGTCTGGACCAACAAGCTGCTGGTCAAACTCCTTTTGCTGACCTGGCAAC 1800
VHTGLDG QOQARAGS QTTPFA ADTLHA AT
TGTAACTGGCCTGAACCTGGGTCTGGAAGT TTCCGTAGCTGGTGGTGTTAAGCCTGCTAC 1860
VTGLNTLGTLEVSVAGGTVEKTPRAT
TGITGCACAAGTTARAGACGCTGGTGCTACCATCATCGTTGCTGGCGCTGCTATCTACGG 1920
VAQVEKDAGATTITIUVAGA-AMABAMTILTYG
TGCTGCTGACCCAGCTGCTGCTGCTGCTGARATCACTGGCCTGGCTAAGTAATTTTICGC 1980
A > DPAAAMAAARAETITGTLAK *
\AGUTAAGCTAAAAAAATCCACCATACATAGCTCTGATGAATCCCCTAATGATTITGG 2040
TAAAAATCATTAAGTTAAGGTGGATACACATCTTGTCATATGATCARATGGTTTCGCGAA 2100
ARATCAATAATCAGACAACAAGATGTGCGAACTCGATATTTTACACGACTCTCTTTACCA 2160

Fig.3. Nucleotide sequence and the deduced amino acid sequence for HPS

gene.

The deduced amino acid sequence of ORF are shown below the nucleotide

sequence in one-letter code. The amino acid sequences consistent with those

found on HPS protein are underlined. Potential ribosome-binding sequences is

marked as SD.
This ORF consisted of 624 bp and coded for a prc¢ :in with a calculated
molecular mass of 21,224. This value was similar to the molecular mass of
the HPS subunit (24,000). The first 47 amino acids on the N-terminal predicted

from the nucleotide sequence were identical with those of HPS found by the

Edman degradation procedure. The amino acid sequences of the peptide
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SECTION 2

Genetic organization of RuMP pathway gene cluster in Me. aminofaciens

77a

Application of genetic techniques to the methylotrophic bacteria has
greatly enhanced studies on these important organisms. Two methylotrophic
systems have been studied in some detail, the serine pathway for formaldehyde
assimilation and the methanol oxidation system. In both cases, genes have
been cloned and mapped in Methylobacterium species (facultative serine
cycle methanol-utilizers). In addition, methanc oxidation genes have been
studied in some methylotrophs (65, 66). In some cases in methanol oxidizing
enzyme genes are clustered on chromosome, but little or no operon appears.
But genetic studies on the RuMP pathway enzymes have not been made. In
the section 1, the author first cloned the hps which can code the key enzyme
of the RuMP pathway.

In this section, to reveal the gene organization surrounding aps (rmpA)
region, sequenced the 4.4-kb insert of PUHI was sequenced, which contained

four ORFs, and identified these products.

MA ERIALS AND METHODS

Nucleotide sequence analysis

The clone ligated with UCIL. are cut with "'amH I and K) f
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pUC118 multi cloning site, or BstX I and Bgl 11, and then deletion mutant
strains were constructed with a deletion kit (TaKaRa shuzo, Co., Ltd.). DNA
sequencing was performed by the dideoxy chain termination method (90)

using an automated DNA sequencer (Applied Biosystem, model 373A).

Northern blot hybridization

The culture of Me. aminofaciens 77a was carried out as described
previously (46). Total RNA was extracted by the AGPC (Acid-Guanidium-
Phenol-Chloroform) method (89) using ISOGEN (NIPPON GENE CO,, LTD.),
and RNA samples (20 pg/lane) were electrophoresed on a 1.0 % agarose gel
containing 20 mM MOPS buffer containing 1 mM EDTA and 2.2 M
formaldehyde and transferred to a nylon membrane filter (Gene screen) in 20
x SSC. Prehybridization and hybridization were carried out at 42 °Cin a
solution consisting of 30 % formamide, 5 x SSC, 0.1 % SDS and 100 ug of
calf thymus DNA per ml. The probe DNAs were labelled by random primed
DNA labeling kit (Boehringer Mannheim).

Computer analysis

The DNA sequence was analyzed by the DNASIS (HITACHI software
engineering co. LTD.). The National Center for Biotechnology Information
(NCBI) was searched for homologous amino acid sequences with BLAST or

FASTA programs (data base: GenBank, EMBL and SWISS-PROT).
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60

60

Rmp E 120
DI OSEDKAQQIIADAL

Hae RAEANXelo)fTIo) DKLAVEIGLEILKIVPGRISTEVDARLSYDT‘, 120

)2 TR0 SHDAAQOIMYDANDKLAVNIGLE ILKLVPGRISTEVDARLS YD TI2A 120

S DAG I SIyDRYL IKLASTWG IWASE ILEKEG INCNLTLLF SFAQARACAEAGVF LISPFVGREL
P\ G TSNDR I LIK#AS TWQG IRAAE ILEKEG INCNLTLLF SEAQARACAEAGVYLISPF VGBEL
P D AGISNDRILIKLAS TWOGIRAAESLEKEGINCNLTLLFSFAQARACAEAGVFLISPFVGIREL)
IR [LDWYKA SIS allY S DP G VIS VigK T AlY YKE HGYQTVVMGASFRNTGE I TALAGCD JERK
LC IR I LDWYKANZDKKE YAP AEDPGVRS VK I Y i Y YKEfG Y TVVMGASFRNVGE I TELAGCD IR
"R 1. DWYKANADKKE YAPAEDPGV)YS VIS 1 Y& YYKEHG Y TVVMGASFRNIGE ILELAGCD P 1Y

RupD I3HWSIgUNPERAEGYRRYLPI] 299
:FU BRT, T TAP ALLKELQEENAIAUR Y A 300
)31 MR, T IAPALLKELAES e Ais R [YWWGEVKARPARITESEEFS 300

S e EAUD O K LEKEVLENGK L 316
gfi irgghgngaﬂﬁL D 317
) XM ATDOEKLEKMI &99L, 317
Fig. 2. Comparison of the deduced amino acid sequences of rmpD product from Me.
aminofaciens 77a and other homologous proteins. Amino acid sequences of RmpD from
Me. aminofaciens 77a, Hae from H. influenzae and Eco from E. coli were aligned by
introducing gaps (hyphens) to achieve maximum homology. Hae and Eco had been reported
as TAL, elsewhere. Residues in black boxes indicate identical sequences.
TAL is an enzyme among the pentose-phosphate pathway. TAL catalyses the
transformation of sedoheptulose 7-phosphate and glyceraldehyde 3-phosphate
to erythrose 4-phosphate and fructose 6-phosphate and plays an important
role of regeneration of ribulose 5-phosphate in RuMP pathway.

The second open reading frame (rmpA) started from the GTG codon
at the nucleotide position of 1,343 and ending at the nucleotide position of
1,970, encoded a putative product of 206 amino acids and the calculated
molecular mass of the polypeptide was 21,224 Da. This open reading frame
encoded HPS (accession number D64136) as described in the section 1.

The third open reading frame (rmpl), starting at the nucle ide position

of 2,123 termination at the nucleotide position of 3,329, encoded a putative

product of 401 amino acids and the calculated molecular mass of the pc oeptde
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was 46,025 Da. and the surrounding region completely coincide with
transposable element, IS/0-R. A target sequences (T ACATAGCT) were shown
as underline (Fig 3), located at the nucleotide position of 2,007 and of 3,345
respectively.

The fourth open reading trame (rmpB) starting at the nucleotide
posiion of 3,428 and terminating at the nucleotide position of 3,971, and
encoded a putative product of 181 amino acids and the calculated molecular
mass of the polypeptide was 19,344 Da. A putative SD sequence (AAGGT)
was located 8 to 12 base upstream of ATG triplet on the gene. A long
inverted repeat sequence was observed in downstream of the transcriptional
termination triplet (TAA) of rmpB (Fig. 3). This putauve product does not

show significant identity to previously known protein.

CTGC I'TTGACGCAGAGCTGAAGGCGCAAAAGCTTAACCCGGGAACCAGTGCCGATCTG 60
Pst I -35 region
ACGGTGGCCACCTTGCTGGCCTATACT TTGTCACAAAGTGATGCT CTATAGTTATACCCG 120

................

AATTTCAGT TATACT AGTCCGATTCCCTGGGAGGGGTCTCGGGCCTATTCGTGGCCTGAR 180
CAGCCTCCAAGCTGGGCAAGCARATTTTCAAGCGTAATATTTCTGTATTTTCTCAAGGAG 240
SV -
GAGCAATATGGCTAATTTATTCGATCAACTTAAGGAATTCACCACGATCGTGGCTGACAC 300
M ANTLTFZDOTLTEKTETFTTTIVA ATUDT
TGGTGACGTGGAAGCGATCARGAGCGTTAAGCCCTACGATGCAACTACCAACCCATCCCT 360
GDVEA ATIZ K SV VE KTPVYTDA ATTNTPS L
GTTGCTGAAGGCAAGCACACTGCCACAATACGCTCCGCTGATCGACGAAGCGATTGCTTA 420
L L KXKASTTLPOQYA ATPTELTITDET ATIA A.Y
TGCCAAGTCCCAAAGCGGTGACAAGGCACAACAAATCGAGGATGCTGCTGACAAGCTGGC 480
A K S QS GDZE KA AGOQOQTITETDT AR BATDTEKTLA
TGTGCTGATTGGTCAAGAGATTCTCAAGCACATCCCAGGCAAGATTTOCACTGAAGTGGA 540
V1iIIGOQETITLTZ KT HTITPGTEKTISTTEVD
TGCGCGTCTGTCCTTTGATACCGATGCTATGGTGCAAAAGGGTCGCAAGCTGATCAAGCT 600
A RLSTF DTG DA AMYOQE KT GT RZE KTLTTZ KL
GTACGCTGATGCTGGCATTTCCAAGGACCGCGTGCTGATCAAGCTGGCTTCCACATGGGA 660
Y ADAGTISKUDTZ RVYVTILTITE KTLTA ASTWE
AGGTATCAAGGCTGGTGAAATCCTTGAAAAGGAAGGCATCAACTGCAACCTGACACTCTT 720
G I KAGETITLETZ KTETGTINTCNTLTTULTL
GTTTAGCTTCGCTCAAGCACGTGCATGTGCTGAGGCTGGTGTATTCCTGATCTCCCCATT 780
F S FAQARACAEA AWGV VTFTLTISTPF
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analy s of this fragment from the 5’-end followed by determinatic

polyacrylamide gel gave single intense band.

TATTGCCAAGCTGGTAGATCAAAAAGGTCTGACAGAAGAAGGTATGCGCGCGATTCATGC 3960
I A K L VD QK GULTEZEG GMRATIWHNA

TAACCTCGAGTAATTTTCACTCTTGGTGAATGAAAACCCGGATGTGCCGTGAGGCCTCCG 4020
N L E *

GGTTTTTTGTTGTTTATTTTTCAATCCGGTGTGAACTTAT i E:I‘TAAAGTATTACAiiTAAC 4080

TCGCCGTTACCTTTCTATCATCGTCGGAATTGCAGCTGTGCTGGTGCGACGGGTGGAGGT 4140
CGTTGTTGAATTTGTATGGAAGCAAATTATTATCGTGCGGATTCACATAGTTTTCATAAA 4200
CTATGTATAATATTTGCAAATTTTCAGGCTTGACGTTAAACAGACGTAAGGCAGTTAGAT 4260
GGCATAGCTAACCCAGCAATGTCGACGTGTTTCTACGGAAACTTTATATTGGAGAATGAA 4320
ATGGCAGTTATTGATCGCGTTTTAGTAGGTGAAGCTCTTGTTATTGACAACTCGTCCTGA 4380
CGGCAGCGGCCTCGACCTGCTGAACGTAGCTCACATCGATCTGATTATTGGACCACGCGG 4440
TAGCGCTGCAG 4451
Pst 1

Fig.3.  Nucleotide sequence of the 4,451-base Pst I fragment containing the rmp genes of
Me. aminofaciens 77a.

Solid line and dotted line under the sequences indicate putative SD and promoter sequences
respectively. The target sequences of transposon were marked reversed boxes. The bold
arrow was described in this section. The narrow arrows indicated transcriptional terminator
as inverted repeat.

Identification and purification of the rmpB product
The rmpA expression in E. coli was under the control of the own
promoter of Me. aminofaciens 77a. Since the PHI activity was also detected
in E. coli carrying pUHI together with HPS activity (data not shown), the

PHI gene was assumed to be located on the 4.4-kb DNA fragment. Deletion

PHI activity with pUH1d5’-29, pUH1d5’-46 and pUH1d5’-4) located t

PHI activity to the region of rmpB (Fig. 4). To determine the rmpB product,
the rmpB gene was expressed un r the tac promoter as described Mater™ s
and Methods. Wh z cell extract from E. coli carrying pKP1 had a strong

activity of PHI, and a coomassie blue staining of this extract 15% SDS-

acids, MNKYQELVVSKLTNVINNTA- of the enzyme were identical

rmpB putative product. From the results obtained author concluded that rmpB
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of the

1e first 20 N-terminal amino

encoded PHI.

pUHI PHI activity

1 g1 ++
: ! pUH1d5'-29

+ ' ++
+ pUHId5'46

1] +
| pUHI1dS'4

e ———— +
pUH1d5'-25

Fig. 4. Deletion analysis of 4.4-kb DNA fragment.

These fragments were cloned into pUC118, and transformed E. coli IM109.

PHI activity was determined under the IPTG-independent conditions as

described Materials and Methods. These transformants grown on LB-broth at

37°C.
Enzymatic properties of PHI

The expressed PHI was purified from E. coli carrying pKP1 as one-step
on DEAE-sepharose column chromatography (Table 1), and the homogeneity
was confirmed on SDS-PAGE (Fig. 5). The molecular weight was estimated
to be 45,000 on gel-filtration, while SDS-PAGE analysis gave Mr. 20,000,
indicating that the expression product exists a « meric form. The estimated
molecular weight of rmpB 19,344 from the sequence analysis was close to
the molecular weight of the subunit of this purified enzyme. Final preparation
of PHI showed high specific activity (U/mg) and calculated as 15,400.

Table 1. Purification of PHI from E. coli carrying pKP1.

The reaction proceeded under the standard conditions. One unit (U) of the

enzyme was defined as the amount of enzyme which produce 1 umol of
NADPH with the oxidation of glucose 6-phosphate to 6-phosphogluconate by

G6PDH per minute,
Total protein Total activity Specific activity . Purification
Step (mg) U x 10 (U/mg) Yield (%) (fo1q)
Cell-free extract 597 436 7360 100 !
DEAE sepharose 141 217 15400 24 2.1
e ——————
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(TACATAGCT) at the nucleotide position of 2007 to end of 3345,
transcriptional terminator of downstream rmpA could be observed (showed
in Fig. 3 at bold arrow). The influence of rmpl on rmpA expression and rmpB
is described in the next section.

Table 2. Codon usage of rmp genes from Me. aminofaciens 71a.

The upside table I show the calculating codon usage by adding rmpA, rmpB

and rmpD up. The codon usage of rmpl is shown under-table II. A %age
indicate that divide total count of cottons by the one by one codon.

1

Codon Count %ag Codon Count %age  Codon Caunt %ace  Codon Cowrt %age
TIT-Phe 7 0.99 TCTSer 5 0.0 TAT-Tyr 3 0.42 TGTCys 2 0.28
TIC-Phe 16 2.26 TCC-Ser 14 1.8 TAC-Tyrlée 2.26 TGCCys 2 0.28
TTA-Ieu 2 0.28 TCASer 1 0.14 TRA-*** 2 (.28 TGA=*** 0 0.00
TIG-Ieu 14 1.98 TCG-Ser 0 0.00 TAG-*** 0 0.00 TGG-Trp 3 0.42
CIT-Iewu 5 0.70 CCT-Pro 8 1.13 CAT-His 3 0.42 CGT-Arglz 1.6
CIC-Ieu 6 0.84 CCC-Pro 1 0.14 CAC-His 6 0.84 CGCArg 7 0.99
CTA-Ieu 1 0.14 CCA-Pro 12 1.0 CAA-GInl9 2.68 CGAArg 1 0.14
CIG-1eu 44 6.22 CCGPro 1 0.14 CXG-Glnn 4 0.56 CGG-Arg 0 0.0V
A'T-Ile 15 2.12 ACT-Thr 24 3.39 AAT-Asn 6 0.84 AGT-Ser 2 0.28
ATC-Tle 32 4.52 ACC-Thr 10 1.41 AXC-Asnl1l7 2.40 AGC-Ser 8 1.13
ATA-Ile 1 0.14 ACA-Thr 12 1.8 Aama-Lys 5 0.70 AGA-Arg 1 0.14
ATG-Met 15 2.12 ACG-Thr 1 0.14 AMG-Lys49 6.93 AGGArg 1 0.14
GIT-vVal 25 3.53 CTAla 8B 8.20 GAI-Asp22 3.11 GGT-Gly 37 5.23
GIC-val 4 0.56 GCC-Ala 6 0.84 GAC-Asp?2l 2.97 GGCGly 22 3.11
GIa-val 8 1.13 GCAAla 2 3.11 GMA-Glu33 4.66 GGAGly O 0.00
GIG-Val 16 2.26 GCG-Ala 8 1.13 GAG-Glu 9 1.27 GGGGly O 0.00
11

Godon Count %age  Codan Count %2age  odon Caunt %age  Codon Court %age
TIT-Phe 4 0.99 TCT-Ser 7 1.73 TAT-Tyr 6 1.48 TGI-Cys 5 1.24
TIC-Fhe 5 1.24 TCCSer 1 0.24 TC-Tyr 7 1.73 TGCCys 4 0.99
TTA-Ieu 14 3.47 TCA-Ser 10 2.48 TRA-*** (0 (.00 TGA-*** 1 0.24
dIG-Ieuw 7 1,73 TCGSer 4 0.9 TAG*** 0 0,00 TGG-Trp 9 2.23
CIT-Ieu 12 2.97 CCT-Pro 4 0.9 (AT-His 9 2.23 CGT-Arg 6 1.48
CIC-Ieu 8 1.98 CCC-Pro 3 0.74 (AC-His10 2.48 CGC-Arg 4 0.99
CIA-Ieu 12 2.97 CCA-Pro 4 0.9 (AA-GInl0 2.48 CGA-Argl3 3.22
CIG-Ieu 5 1.24 CCG-Pro 4 0.9 &GGIn 4  0.99 CGGArg 2 0.49
AT-Ile 8 1.98 ACT-Thr 7 1.73 MAT-Asn 7 1.73 BAGT-Ser 5 1.24
ARIC-Tle 9 2.23 ACC-Thr 5 1.24 PAC-Asn 9 2.23 AGC-Ser 8 1.98
AfA-Tle 1 0.24 ACA-Thr 10 2.48 PMA-Lys22 5.45 AGA-Arg 3 0.74
AG-Mt 8 1.98 ACG-Thr 3 0.74 N~ ~ys 7 1.73 AGG-Arg 2 0.49
GIT-Val 9 2.23 GCTAla 11 2.2 Gi-Asp 5 1.24 GGT-Gly 5 1.24
GIC-val 3 0.74 GCCAla 3 0.74 RAC-Aspl0 2.48 GGCGly 9 2.23
GrA-val 6 1.48 GCA-Ala 6 1. @A-Glu 9 2.23 GGAGly 3 0.74
GIG-Val 2 0.49 G™ ™la 6 1.7 ™GGl- ~ ° 73 GGGGly " "~ 24
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SECTION 3

A possible role of insertion sequence ISI0-R (rmpl) in the RuMP pathway

gene cluster

Transposons are normal constituents of most bacterial genomes and
of many extrachromosomal plasmids and bacteriophages. They can alter both
the organization and the expression of prokaryotic genomes at frequencies
comparable to or greater than spontaneous mutation rates.

Most prokaryotic transposons promote transposition and
rearrangements at frequencies of 10* to 107 per generation (51). These low
frequencies are attributable to stnngent regulation and some transposons are
self- regulating. Most transposons exert strong polar effects on expression of
the neighboring genes (1, 15, 95, 96). For example insertion elements could
modify the gene expression by blocking transcription to inhibit gene expression
or by acting as mobile promoters to activate transcription of flanking genes.

In this section, the rmp/ was found to have regulatory for HPS and

PHI activities and physiological role of rmpl in RuMP pathway gene cluster.

MATERIALS AND METHODS

Strains and plasmids

E. coli IM109 was used as the host strain for propagation of

recombinant plasmids which are listed in Table 1. E. coli transformats were
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