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The Bacillus subtilis pyrimidine biosynthetic (pyr) operon encodes all of the enzymes for the de novo biosyn-

thesis of Uridine monophosphate (UMP) and additional cistrones encoding a uracil permease and the regula-

tory protein PyrR. The PyrR is a bifunctional protein with pyr mRNA-binding regulatory funtion and uracil

phosphoribosyltransferase activity. To study the global regulation by the pyrR deletion, the proteome comparison

between Bacillus subtilis DB104 and Bacillus subtilis DB104 ∆pyrR in the minimal medium without pyrim-

idines was employed. Proteome analysis of the cytosolic proteins from both strains by 2D-gel electrophoresis

showed the variations in levels of protein expression. On the silver stained 2D-gel with an isoelectric point

(pI) between 4 and 10, about 1,300 spots were detected and 172 spots showed quantitative variations in which

42 high quantitatively variant proteins were identified. The results showed that production of the pyrimidine

biosynthetic enzymes (PyrAA, PyrAB, PyrB, PyrC, PyrD, and PyrF) were significantly increased in B. subtilis

DB104 ∆pyrR. Besides, proteins associated carbohydrate metabolism, elongation protein synthesis, metabo-

lism of cofactors and vitamins, motility, tRNA synthetase, catalase, ATP–binding protein, and cell division pro-

tein FtsZ were overproduced in the PyrR–deficient mutant. Based on analytic results, the PyrR might be involved

a number of other metabolisms or various phenomena in the bacterial cell besides the pyrimidine biosynthesis.
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Introduction

Pyrimidine nucleotide biosynthesis has been proved to

be controlled by PyrR protein and consisted of de novo and

salvage pathways in all prokaryotic and eukaryotic

organisms [1, 9, 11, 23, 24, 25, 28]. In cytoplasm of B.

subtilis, the pathways for pyrimidine ribonucleotide and 2-

deoxyribonucleotide biosynthesis and salvage were fully

demonstrated in Nygaard’s report [24]. The regulation

mechanisms for de novo pathway were reported in Bacillus

as previously described [34]. The pyrimidine biosynthetic

genes in Bacillus genus include a single operon on

chromosome [7, 8, 9, 10, 11, 13, 18, 19, 20, 21, 22, 26, 29,

34]. The B. subtilis pyr operon encodes all of the enzymes

for the de novo biosynthesis of Uridine monophosphate

(UMP) and two additional cistrons encoding uracil permease

and a regulatory protein PyrR [16, 17, 27, 31, 32, 33, 34].

PyrR protein encoded by the first gene of the pyr operon

has been intensively studied in B. subtilis [3, 10, 11, 16, 17,

18, 19, 20, 21, 28, 33] and B. caldolyticus [6, 7, 8, 9, 11].

The PyrR protein is a bifuntional protein which could

regulate pyr gene expression as RNA binding attenuation

protein and catalyse for the uracil phosphoribosyltransferase

(UPRTase) reaction [3, 12, 17, 18, 32, 33]. The structure of

nucleotide complex of PyrR, the pyr attenuation protein,

from Bacillus caldolyticus and regulation of pyr gene

expression in Mycobacterium smegmatis has been recently

reported [4, 5]. The molecular weight of PyrR is about 20

kDa, consisting of three α-helix and nine β-helix. This

protein has the flexible loops presenting the UPRTase

activity and phosphoribosyl pyrophosphate (PRPP) motives.

In addition, the formation of dimmer and hexamer is

rapidly kept balance in the intracellular environment [28]. 
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In this study, we report the influence of mutated pyrR

gene on expression of proteins in the bacterial cell by

proteome analysis. Many studies on the regulation mech-

anisms of the pyr operon have been reported but little is

known about global responses of the bacterial cells affected

by PyrR. We showed that there were a number of proteins

interacting with the pyr operon expression. The complete

genome sequence and protein annotation of B. subtilis have

been made available, this provided advantages in proteomic

studies. We, therefore, performed a proteomic analysis of

PyrR-associated protein expression in B. subtilis cell. The

cellular proteome of B. subtilis DB104 was compared with

that of a pyrR knockout mutant (PyrR Mut) by using a gel-

based proteomic strategy.

Materials and Methods

Chemicals

Urea, thiourea, CHAPS (3-[(3-Cholamidopropyl)

dimethylammonio]-1-propanesulfonate), DTT, benzamidine,

Bradford solution, acrylamide, iodoacetamide, bis-acrylamide,

SDS (sodium dodecyl sulfate), acetonitrile, trifluoroacetic

acid and α-cyano-4-hydroxycinnamic acid were purchased

from Sigma-Aldrich (electrophoresis grade or ACS reagents,

Ultrapure, ST. Louis, USA), pharmalyte (pH 3~10) was

from Amersham Biosciences (Uppsala, Sweden) and IPG

DryStrips (pH 4~10, 24 cm) were from Genomine Inc.

(Pohang, Korea). Modified porcine trypsin (sequencing

grade) was from Promega (Madison, USA).

Bacterial strains and culture conditions 

B. subtilis DB104, which is a mutant strain carrying

lesions in the structural genes for extracellular neutral

(nprE) and serine (aprA) proteases by the gene conversion

technique, and B. subtilis DB104 ∆ pyrR strain were used

in this study (Table 1) [14, 27]. For analyzing protein

expression, B. subtilis DB104 and DB104 ∆ pyrR were

grown in the Spizizen Minimal Salts Medium (SMM) [30]

without uracil and supplemented with histidine (50 µg ml−1).

Bacteria were precultured overnight under agitation (180

rpm) at 37oC in SMM medium consisting of: 40 ml of

distilled water, 10 ml of SZ × 5, 1 ml of MnSO4, 10 ml of

20% Glucose; the stock solution of SMM medium: 0.1 mg

ml−1 of MnSO4⋅4H2O and SZ × 5 : K2HPO4 53 g, KH2PO4,

(NH4)2SO4, Na3 citrate · 2H2O, MgSO4 · 7H2O per 1000 ml

H2O and adjusted to pH 7.0. A volume of 10 ml of the

precultures was inoculated into 200 ml of fresh SMM

medium. Because DB104 is the histidine required strain,

SMM medium was usually supplemented with 50 µg ml−1

of histidine. Both B. subtilis DB104 and B. subtilis DB104

∆ pyrR cultures were incubated at 37oC with shaking at 180

rpm until OD 436 nm was reached 0.8.

Protein sample preparation 

Cell pellets of B. subtilis DB104 and DB104 ∆ pyrR.

were washed twice with ice-cold PBS (phosphate buffered

saline: 0.8% NaCl, 0.02% KCl, 0.144% Na2HPO4) and

grinded under liquid nitrogen in sample buffer composed

of 7 M urea, 2 M thiourea containing 4% (w/v) 3-[(3-

cholamidopropy) dimethyammonio]-1-propanesulfonate

(CHAPS), 1% (w/v) dithiothreitol (DTT), 2% (v/v) pharmalyte,

and 1 mM benzamidine and lysed by motor-driven

homogenizer (PowerGen 125, Fisher Scientific, Hampton,

USA). Bacterial lysates were incubated overnight to

precipitate proteins with 10% trichloroacetic acid in a cold

chamber, and precipitates were then lysed in the sample

buffer. Proteins were extracted for one hour at room

temperature with vortexing. After centrifugation at 15,000

g for 1 hour at 15oC, insoluble materials were discarded

and soluble fractions were used for two-dimensional gel

electrophoresis. Protein loading was normalized by Bradford

assay [2].

Two-dimensional polyacrylamide gel electrophoresis

IPG dry strips were equilibrated for 12~16 hour in

solution composed of 7 M urea, 2 M thiourea containing 2%

3-[(3-cholamidopropy) dimethyammonio]-1-propanesulfonate

(CHAPS), 1% dithiothreitol (DTT), 1% pharmalyte and

respectively loaded with 200 µg of sample. Isoelectric

focusing (IEF) was performed at 20oC using a Multiphor II

electrophoresis unit and EPS 3500 XL power supply

(Amersham Biosciences, Uppsala, Sweden) following the

manufacturer’s instruction. For IEF, the voltage was linearly

increased from 150 to 3,500 V during 3 h for sample entry,

Table 1. List of B. subtilis strains used in this study.

Strain
Genotype 

or Phenotype
Source (Reference)

B. sutilis

DB104

His nprR2 nprE18

∆aprA3

Laboratory Stock

(Kawamura and Doi, 1984)

B. sutilis

DB104 ∆pyrR

HC-11, pyrB+ specs

∆pyrR

Laboratory Stock

(Robert, 1990)
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followed by constant 3,500 V, with focusing complete after

96 kVh. Prior to the second dimension, the strips were

cobsequently incubated for each 10 min in equilibration

buffer (50 mM Tris-Cl, pH6.8, containing 6 M urea, 2%

SDS, and 30% glycerol), supplemented with 1% DTT and

second with 2.5% iodoacetamide, respectively. The equili-

brated strips were then inserted onto SDS-PAGE gels (20

× 24 cm, 10~16%). SDS-PAGE was performed using a

Hoefer DALT 2D system (Amersham Biosciences, Uppsala,

Sweden) following the manufacturer’s instruction. 2D gels

were run at 20oC for 1.7 kVh, and the gels were silver-

stained as previously described [25], but the fixing and

sensitization steps with glutaraldehyde were omitted.

Image analysis 

Quantitative intensity analysis from gels (n=3) from

three individual culture flasks in each group of digitized

images was carried out using the PDQuest software

(version 7.0, Bio-Rad, Hercules, USA) according to the

protocols provided by the manufacturer. The quantity of

each spot was normalized by the total valid spot intensity.

Protein spots showing a significant expression variation

deviating by two fold in expression level, compared with

control, were selected.

Enzymatic digestion of protein in-gel 

Protein spots were enzymatically digested in-gel in a

manner similar to that previously described [29], using

modified porcine trypsin. The gel pieces were washed with

50% acetonitrile to remove SDS, salt, and stain-dyer, dried

to remove solvent, and then rehydrated with a trypsin

solution (8~10 ng µl−1) by incubation for 8~10 h at 37oC.

The proteolytic reaction was terminated by the addition of

5 µl of 0.5% trifluoroacetic acid. Tryptic peptides were

recovered by combining the aqueous phase from several

extraction of gel pieces with 50% aqueous acetonitrile.

After concentration, the peptide mixture was desalted using

C18ZipTips (Millipore, Bedford, USA), and then eluted in

1~5 µl of acetonitrile. An aliquot of this solution was

mixed with an equal volume of a saturated solution of α-

cyano-4-hydroxycinnamic acid in 50% aqueous acetonitrile,

and 1 µl of the mixture was spotted on each target plate.

MALDI-TOF analysis and database search

Protein analysis was performed using an Ettan MALDI-

TOF spectrometer (Amersham Biosciences, Uppsala, Sweden).

The peptides were evaporated with a N2 laser at 337 nm,

using a delayed extraction approach. These were accelerated

with a 20 KV injection pulse for the time-of-flight analysis.

Each spectrum represents the cumulative average of 300

laser shots. The search program ProFound, developed by

Rockefeller University (http://129.85.19.192/profound_bin/

WebProFound.exe), was used for protein identification by

peptide mass fingerprinting. Spectra were calibrated with

the trypsin autodigestion ion peak m/z (842.510, 2211.1046)

as an internal standards. The identified proteins were

searched on http://www.sanger.ac.uk/software/pfam/ during

2006-2007.

Results

Differential patterns of protein synthesis in B. subtilis

DB104 and B. subtilis DB104 ∆ pyrR mutant

Proteomics relying on two-dimensional (2-D) gel

electrophoresis of proteins followed by spot identification

is an excellent experiment tool for physiological studies,

opening a new perspective for understanding overall cell

physiology. The comprehensive study of protein expression

patterns from B. subtilis DB104 and B. subtilis DB104 ∆

pyrR mutant was performed by proteomic approach in this

study. The 2-D gel electrophoresis of protein extracts from

B. subtilis DB104 permitted the separation and analysis of

about 1,300 individual protein spots in the cell of B. subtilis

DB104 and B. subtilis DB104 ∆ pyrR mutant grown in

SMM medium without pyrimidine source. Interestingly,

about 172 spots from each sample showed quantitative

variations. In preliminary investigations of proteins shown

by a simple visual interpretation of two dimensional gels,

we selected and separated 41 proteins of which showed

high quantitative variations after alkaline silver staining

(Fig. 1-1, Fig. 1-2, and Fig. 1-3). These proteins were

analyzed by MALDI-TOF mass spectrometry and matched

with database search. The cytosolic proteins were then

identified (Table 2, Table 3, Table 4). The 2D-gel analysis

is very useful for separating soluble cytoplasmic proteins.

Only few membrane proteins can be detected since these

proteins are highly hydrophobic and have low solubility in

rehydration solution.

Proteins of class I as the pyrimidine metabolic

associated proteins were up-regulated in B. subtilis

DB104 ∆pyrR
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The Bacillus subtilis pyrimidine biosynthetic (pyr) operon

encodes all of the enzymes for the de novo biosynthesis of

UMP and additional cistrones encoding uracil permease

and a regulatory protein PyrR. The PyrR is a bifunctional

pyr mRNA-binding regulatory protein and uracil phos-

phoribosyltransferase. However, the global regulation affected

by PyrR deletion in cell still remains elucidation. In order

to study the global PyrR regulation by proteome analysis,

Bacillus subtilis DB104 and DB104 ∆pyrR strains were

grown in the SMM medium without pyrimidine sources. It

has previously reported that PyrR, encoded by pyrR, is

involved in controlling pyrimidine-biosynthetic metabolism.

In this study, we applied gel-based differential proteomics

to compare the cellular proteome of Bacillus subtilis

Fig. 1. Enlarged spots of the identified cytosolic proteins from B. subtilis DB104 and B. subtilis DB104 ∆pyrR grown in SMM with-

out pyrimidine source. A: The differential quantitative variation between B. subtilis DB104 and B. subtilis DB104 ∆pyrR, B: The quantity

of proteins expressed by B. subtilis DB104, and C: The quantity of proteins expressed by B. subtilis DB104 ∆pyrR.
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Fig. 2. Upregulated cytosolic proteins associated with biosynthesis of pyrimidine in B. subtilis DB104 ∆pyrR. 
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DB104 ∆pyrR to that of B. subtilis DB104. Quantitative

intensity analysis revealed significantly differential expression

of eleven proteins, which were subsequently identified by

MALDI-TOF MS/MS (Fig. 2 and Table 2).

In the pyrimidine ribonucleotide de novo biosynthesis,

six enzymes are involved for UMP biosynthesis [16, 31,

34]. Genes encoding these enzymes in B. subtilis have been

cloned, and their nucleotide sequences have been determined

[15, 26]. In these proteomic analyses, many cytosolic proteins

directly associated with pyrimidine biosynthesis were

upregulated, including PyrAA, PyrAB, PyrB, PyrC, PyrD,

and PyrF. Of these proteins in the pyrimidine biosynthetic

operon, PyrAB and PyrAA are carbamoyl-phosphate

synthetase enzymes structurally presenting a catalytic subunit

and a glutamine binding subunit, respectively. Aspartate

carbamoyltransferase (PyrB) is a trimer of catalytic subunits

without any regulatory function. Dihydroorotase (PyrC)

catalyzes the reversible cyclization of N-carbamyl-L-

aspartate to dihydro-L-orotate. Subsequently, dihydroorotate

dehydrogenase (PyrD), specified by pyrD, oxidizes

dihydroorotate to orotate. Orotidine 5’-phosphate decarboxylase

(PyrF) converts OMP to uridine 5’-monophosphate (UMP)

by decarboxylation. As the last steps, in the generation of

uridine triphosphate (UTP), CTP synthetase (pyrG) converts

UTP to CTP by an amination reaction of glutamine and

UTP utilizing ATP as an energy source. However this

protein was not detected as the differential expression.

Proteins of class II were up-regulated in B. subtilis

DB104 ∆ pyrR except the pyrimidine metabolic associate

proteins 

Among 172 proteins showing differential quantity by

Fig. 3. Upregulated cytosolic proteins not associated with biosynthesis of pyrimidine in B. subtilis DB104 ∆pyrR.
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image analysis, 25 identified cytosolic proteins were up-

regulated in B. subtilis DB104 ∆ pyrR comparing with

those in B. subtilis DB104 besides the proteins involved in

pyrimidine biosynthesis (Fig. 3 and Table 3). These up-

regulated cytosolic proteins were involved in amino acid

metabolisms (aspartate aminotransferase, acetylglutamate

kinase, and cobalamin-independent metionine synthase),

carbohydrate metabolism (i.e. aldehyde dehydrogenase and

phosphoglycerate mutase), ribosomal proteins (ribosomal

proteins S11, ribosomal proteins S15), transcriptional

regulators and protein synthesis for elongation (i.e. elongation

factor Tu), biosynthesis and secondary metabolism (i.e.

glutamate-1-semialdehyde 2,1-aminotransferase), catalase

such as KatX and metabolism of cofactors and vitamins

(i.e. paraaminobenzoate synthase), hypothetical proteins,

motility (i.e. flagellin protein), ATP-binding proteins (i.e.

glycine betaine/carnitine/choline ABC transporter and similar

to ABC transporter), tRNA synthetase such as methionyl-

tRNA synthetase and tryptophanyl-tRNA synthetase, cellular

processes and signaling protein such as YtjB, inhibitor such

Fig. 4. Downregulated cytosolic proteins in B. subtilis DB104 ∆pyrR.

Table 2. Identification of the proteins of class I. They are the upregulated pyrimidine metabolic proteins in B. subtillis DB104 ∆pyrR.

Spot ID MR(kDa) PI
DB104

Quantity

DB104 ∆ pyrR

Quantity
Identity/similarity/function

Metabolism of pyrimidine

1817 106.43 4.36 422 1921 carbamoyl-phosphate synthetase (PyrAB)

2319 33.38 4.75 1200 3194 dihydroorotate dehydrogenase (PyrD)

2824 106.91 4.62 105 685 carbamoyl-phosphate synthetase (catalytic subunit) (PyrAA)

3519 49.13 5.00 60 1096 dihydroorotase (PyrC)

4304 34.31 5.12 14 332 chain A, aspartate transcarbamoylase (PyrB)

6111 21.69 5.79 499 765 orotidine 5'-phosphate decarboxylase (PyrF)

6211 26.29 5.72 1818 3998 Dihydroorotate dehydrogenase (electron transfer subunit) (PyrD)

6414 41.07 5.76 235 795 carbamoyl-phosphate synthetase (PyrAA)

6418 38.59 5.59 332 2161 aspartate carbamoyltransferase (PyrB)

7112 21.95 6.37 1085 10925 orotidine 5’-phosphate decarboxylase (PyrF)

7402 40.92 6.04 566 1031 carbamoyl-phosphate synthetase (PyrAA)
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as ComJ, and unknown proteins (i.e. similar to acetylornithine

deacetylase, similar to pet 112-like protein, Ipc-32d, similar

to acetate-CoA ligase, and YwhD.).

Proteins of class III were down-regulated in B.

subtilis DB104 ∆ pyrR

In general, many proteins were upregulated in B. subtilis

Table 3. Identification of the proteins of class II. They are the upregulated proteins except the pyrymidine metabolic proteins in B.

subtillis DB104 ∆pyrR.

Spot ID
MR

(kDa)
PI

DB104 

Quantity

DB104 ∆pyrR

Quantity
Identity/similarity/function

Amino acid metabolism

7220 24.09 6.78 692 1288 acetylglutamate kinase

8504 47.87 7.18 261 551 Cobalamin-independent methionine synthase

Carbohydrate Metabolism

3607 56.07 4.88 203 393 Aldehyde dehydrogenase

4720 63.04 5.21 213 405 phosphoglycerate mutase

Ribosomal protein

5010 10.92 5.33 15 2664 ribosomal protein S11 (BS11)

5022 9.55 5.32 0 426 ribosomal protein S15

Transcriptional regulator

2004 16.06 4.68 0 1620 transcriptional regulator(Lrp/AsnCfamily)

Protein synthesis(Elongation)

2614 56.68 4.75 124 291 elongation factor Tu

Biosynthesis and secondary metabolism

3518 46.90 5.00 734 1056 glutamate-1-semialdehyde 2,1-aminotransferase

Catalase

7612 59.24 6.69 254 438 KatX

Metabolism of cofactors and Vitamins

5603 55.05 5.25 32 253 para-aminobenzoate synthase (subunit A)

Hypothetical protein

3016 17.25 4.88 244 492 similar to hypothetical protein

3219 27.75 4.99 818 878 similar to hypothetical protein

5001 16.63 5.26 138 1518 similar to hypothetical protein

Motility

3322 37.92 5.01 304 462 flagellin protein

ATP-binding protein

3722 61.10 4.94 291 904 glycine betaine/carnitine/choline ABC transporter (ATP-binding protein)

8414 44.71 7.64 564 724 similar to ABC transporter (ATP-binding protein) 

tRNA synthetase

3707 78.44 4.86 0 495 methionyl-tRNA synthetase

8309 37.86 7.67 371 717 tryptophanyl-tRNA synthetase

Cellular processes & signaling protein

3106 20.97 4.90 244 492 YtjB

Inhibitor

2001 12.64 4.56 1820 4647 ComJ

Unknown protein

2512 49.81 4.76 391 526 similar to acetylornithine deacetylase

2611 53.90 4.70 391 526 similar to pet 112-like protein

3006 12.61 4.93 0 565 Ipc-32d

7713 61.41 6.72 63 119 similar to acetate-CoA ligase

8015 16.26 7.46 814 1310 YwhD
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DB104 ∆ pyrR, and only several proteins including

aspartate aminotransferase, UDP-N-actylglucosamine 1-

carboxyvinyltransferase, ribosomal protein L16, transcriptional

regulator, and prolyl-tRNA synthetase were downregulated

in B. subtilis DB104 ∆pyrR (Fig. 4 and Table 4). Aspartate

aminotransferase is a pyridoxal phosphate (PLP) dependent

enzyme in amino acid metabolism. UDP-N-actylglucosamine

1-carboxyvinyltransferase is associated in glycan biosynthesis

and metabolism. Ribosomal protein L16 is also the structural

constituent of ribosome and is associated in protein

biosynthesis. 

Discussion

The functions of PyrR protein encoded by the first gene

in the B. subtilis pyr operon have been studied versatilely

to date. The regulation of pyrimidine nucleotide biosynthesis

was proved to be controlled by the PyrR regulatory protein

in Gram-positive bacteria [17, 18, 32, 33]. The PyrR, a

regulatory protein of the pyrimidine biosynthetic (pyr)

operon encoding all of the enzymes for the de novo

biosynthesis of UMP and uracil permease, has been

demonstrated to be a bifunctional pyr mRNA-binding

regulatory protein and uracil phosphoribosyltransferase.

However, the regulating mechanism by PyrR regulator

protein on the pyr operon were predicted through only

ATCase bioassay. Not much is known about how the PyrR

protein can regulate the expression of other proteins at

proteomic level in the bacterial cell. Therefore, in order to

understand the global responses at the protein level of the

bacterial cells affected by the deletion of a gene cluster, the

proteome of a PyrR-deficient mutant of B. subtilis was

analyzed. The previous reports have indirectly showed the

increases in the production of the pyrimidine biosynthetic

enzymes through PyrB (aspartate carbamoyltransferase)

bioassay. However, in this study all enzymes (PyrAa, PyrAb,

PyrB, PyrC, PyrD, and PyrF) associated with the pyrimidine

biosysnthesis could be visualized to be upregulated in

mutant ∆pyrR. Besides, while there were also many other

proteins overproduced, several proteins those are associated in

several biosynthesis and metabolisms were downregulated in

the PyrR–deficient mutant. All of these proteins are

expected to be induced or reduced due to the changes of the

PyrR regulation resulting from PyrR-deficient mutation.

From these analyses, the PyrR was probably involved in

other metabolisms and various phenomena in the bacterial

cell besides the pyrimidine biosynthetic metabolism. These

proteins were shown to be induced due to the changes

resulting from pyrR deletion in the bacterium. These analyses

of cytosolic protein expression in ∆pyrR mutant provided

new insights into the regulating mechanisms of the pyrR

operon for the survival of B. subtilis DB104 and B. subtilis

DB104 ∆pyrR. In addition, the proteomic data and in vitro

study indicated that Pyr proteins were regulated by PyrR in

B. subtilis. Since the analytic protein spots were at different

pI and similar molecular masses, several proteins were

found in more than one spot. These suggested the existence

of addition of charged groups or cleavage of a charged

residue or peptides.

Taking all into account, this study enabled to elucidate an

example of the global regulation of the model bacterial

strain B. subtilis affected by a gene deletion.

Table 4. Identification of the proteins of class III. They are the downregulated proteins in B. subtillis DB104 ∆ pyrR.

Spot ID MR(kDa) PI DB104 Quantity DB104 ∆ pyrR Quantity Identity/similarity/function

Amino acid metabolism

5508 47.85 5.34 644 447 aspartate aminotransferase

Glycan biosynthesis and metabolism

4517 51.03 5.24 904 555 UDP-N-acetylglucosamine 1-carboxyvinyltransferase

Ribosomal protein

3012 12.72 4.97 3293 182 ribosomal protein L16

Transcriptional regulator

3015 15.96 4.83 2747 175 transcriptional regulator

tRNA synthetase

3703 70.71 4,79 395 221 prolyl-tRNA synthetase
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국문초록

프로테옴 분석에 의한 Bacillus subtilis PyrR 돌연변이체의 특성

설경조1·조현수2·김사열1
*

1경북대학교 생명과학부
2동경대학 의과대학 세포생물학 및 해부학과

Bacillus subtilis의 pyrimidine biosynthetic (pyr) operon은 UMP의 de nove 생합성에 관여하는 enzyme들을 encode할

뿐만 아니라, 조절단백질인 PyrR도 encode한다. PyrR은 pyr mRNA-binding 조절 기능과 uracil phosphoribosyltransferase

activity를 동시에 가지는 bifunctional 단백질이다. 본 연구에서는 Proteomic analysis를 이용하여 Uracil – 환경에서

DB104∆pyrR의 단백질 패턴을 분석하여 단백질 레벨에서 PyrR 단백질의 실질적인 조절 양상을 관찰하였다. 두 균주

의 세포질 단백질은 다양한 발현의 차이를 보였으며, Silver 염색된 2D-gel의 pI 4~10 사이에서는 1,300여개의 단백

질이 검출되었으며, 단백질 발현 차이를 보이는 172개의 spot 중에서 42개의 단백질이 identification 되었다. 그 결과

pyr operon의 단백질(PyrAa, PyrAb, PyrB, PyrC, PyrD, and PyrF)이 모두 Up regulation이 이루어지고 있음을 확

인할 수 있었으며, 이것은 단백질 레벨에서 Pyrimidine 생합성 과정이 PyrR에 의해서 정확히 Regulation 되어짐을 확

인할 수 있었다. 또한 Pyrimidine 생합성의 Up regulation과 Down regulation 상태의 단백질의 패턴 양상도 분석할

수 있게 되었다. Pyrimidine의 생합성 과정은 DNA를 구성하는 기본적인 구성 요소를 생산하는 과정으로서 여러가

지 Metabolism 가운데 중요한 위치를 차지하고 있다. 만약 Pyrimidine의 생합성 과정이 Over- expression된다면 다

른 Metabolism의 균형에도 변화가 올 것이다. Proteomics Analysis에 이용한 DB104∆pyrR 균주는 Pyrimidine 생합

성의 조절에 관여하는 PyrR knock out 균주로서 Uracil – 환경에서는 전체적인 Pyrimidine 생합성 조절이 Up

regulation이 되어지므로 Up regulation 동안 어떤 Metabolism에 영향을 주는지 관찰을 할 수 있게 되었다. 특히

Amino Acid Metabolism에 관계있는 단백질의 Up regulation이 이루어짐을 관찰할 수 있었으며 이것은 현재 각광을

받고 있는 단백질 산업에 응용함으로써 산업적으로 많은 기대를 할 수 있을 것으로 예상되어진다.
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