CHAPTER V

Result

From the biom

selected model or‘fym uridine_phosphorylase nucleotide and
amino acid sequenCess Lk  including M. musculus uridine

phosphorylase ( ¢ )\«5 , 311 amino acids) and

\.‘\\
E. coli uridine :'}Anumber : P12758, 253

amino acids), were ddenfifi ami sequences (Figﬁres 5-1,5-2).

o
e

Each.amiio Tl e @' nalyzed for sequence homology by
T b,

the BLAST progtam: Only E. coli

(=)

similar to P. p_grum sequenc 1t % homology, but

I s .
M. musculus uridine phosphorylase had no sigﬁcant similarity in the

oA NUN NN
o) U Thepithifat “Sequehét | 81 P) %l%a%n’]vﬂy fidentified on

chror%osome 7 at the position 47423 bp to 49214 bp with 28 % identity and
chromosome 5 at the position 569899 bp to_569198 bp with 28 % identity to
the E. coli amino acid sequence (Figure 5-4). These two sequences were then
identified for the open reading frame (ORF). The open reading frame was
consisted of 735 bp, no intron, start at position 983 bp and stop at position
1720 bp of the fragment on the chromosome 5 (Figure 5-5). The deduced
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amino acid sequence of the P. falciparum uridine phosphorylase contained

245 amino acids and had a molecular-mass of 28 kDa.

Figure 5-1 Amino acid sequence of M. musculus uridine phosphorylase
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Figure 5-2 Amino acid sequence of E. coli uridine phosphorylase.

LOCUS UDP_ECOLI 253 aa linear BCT 15-JUN-2002
DEFINITION Uridine phosphorylase (UDRPase).
ACCESSION P12758
VERSION P12758 GI:136740
DBSOURCE swissprot: locus UDP_ECOLI, accession P12758;
class: standard.
created: Oct 1, 1989.
sequence updated: Oct 1, 1993.

xrefs: gi: 43241, gi:
gi: 1790265, gi: 78
xrefs (non-sequence DPAGE P12758, EcoGene

EG11045, InterPr¢ , ProDom PD003928, PROSITE

PS01232 1
KEYWORDS Transferase; Glycosyltrans 3 @!oteome.

SOURCE Escherlchla coli
ORGANISM Escherlch
Bacteria; Pro

g ofe Entetobacterlaceae,
Escherich f//
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source

gene / p ‘
/O v B38 . f
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prod idi X orylase
/EC e ;
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Figure 5-3 BLAST result of M. musculus uridine phosphorylase

Query= M.musculus , 311 bases, B2A checksum.
{311 letters)

Database: closure stat NC
20011015; Complete sequen rom C {TIGR submission in
Genbank): P. falcipaz 307 chiomoso lete sequence (Sanger
Centre submission Bank); closure status sequence from chromosome
4 ({Sanger) 200110 isihed status, seque om chromosome 5
(Sanger) 20011015; s e from chromosome 6 (Sanger)
20011015; clos 7 {Sanger) 20011015;
closure status seg ‘ ] er} 20011015; closure
status sequence #ro rogmgseme- 9 {Sange 20001 5; P. falciparum
June 04-2001 data e € ; : ; omosome 10 (TIGR)
010601; P. falcip e assembled sequence for
chromosome 11 (FIGR) status sequence for
chromosome 12 (Stanf sequence from

mosome 1 (Sanger)

chromoscome 13 (Sange 15; P - . June 04-2001 data
freeze assembled seq . "hromosor \\‘\\\ GR) 010601; closure
status UNASSIGNED séq from -chromosome 6,7,8 (BLOB) (Sanger)
20011015 | / \

1262 seque ot Ietters
No significant similarity T oF: asons why, click here.

Auganenineans
ARIANTUURIINYINE




Figure 5-4 BLAST result of E. coli uridine phosphorylase

Score E
Sequences producing significant alignments: (bits) Value
gnl|pf7|Sanger BLOB3.0.000068 (63626 bp, 1981 reads) Plasmo... 100 le-21
gnl|pf5|Sanger_new Plasmodium falciparum 3D7 finished statu... 100 le-21

>gnl|pf7|Sanger_ BLOB3.0.00
closure status
sequence fro
ftp://ftp
ontigs/MAL7.
Length = 59147

nfinished c

Identities = 70/249 (28%), Bosi - 116/249 %), Gaps = 4/249 (1%)
Frame = +3 H's E N,

Query: 8 : JPORVEK T AALMDKPVKLASHREETTWRAELDGKPVIVCST 67
) + G+ + S

odium falciparum 3D7

Sbjct: 48423 P PGRVD ' AYNREYKSVECHYKGQKFLCVSH 48596

Query: 68 AQLGIR GTTG? GDVLVTTASVRLDGASLHFAPL 126

GD+ + A+VR D S

Sbjct: 48597 ey IRAGSCGS RGDICICNAAVREDRVSHLLIHG 48776

Query: 127  EFPAVADEEC y rvEGRVVRHFKGSMEE 186

+FPA m’ et + +E+
Sbjct: 48777 DFPAVGDED) % _L_-KIIPSRLED 48920

Query: 187 WQAMGVMN SATL RTQQ! AETMKQTESHAVK 243

B ATL+ +  + ++ +V G +

Q E + +K

Sbjct: 48921 YSKANAAVVEMELATLMVIGTLRKVKTGGILIVDGCPFKWDEGD NNLVPHQLE-NMIK 49097

xamﬁnﬂﬁwﬂﬂiwswﬂi

ARIANN T NN Y

44



45

Figure 5-4 BLAST result of E. coli uridine phosphorylase (cont.)

Alignments

>gnl|pf5|Sanger_new Plasmodium falciparum 3D7 finished status sequence from chromosome
5

ftp://ftp.sanger.ac
ntigs/MALS.fin.1 0
Length = 1343552

ogens/malaria2/unfinished_co

&aps = 4/249 (1%)

Score = 99.8 bits (247)
Identities = 70/249 (28%
Frame = -2

Query: 8 HLGLTKNDLOGPA % R R FTTWRAELDGKPVIVCST 67
HL ++K 5P RU+R \\\\‘- o G+ + S
Sbjct: 569899 HLKIS : V P (NREYKSVECHYKGQKFLCVSH 569726

Query: 68 GIGGPSRSTAVERLR RIGT ) ASVRLDGASLHFAPL 126
G+G ++ ’ ‘ ‘I"n, GDA + A+VR D S

Sbjct: 569725 GVGSAGCP D-ﬂ\ AAVREDRVSHLLIHG 569546

Query: 127 EFPAVADFECTTR AAKSIGATTHVGYT DTFYPGQERYDTYSGRVVRHFKGSMEE 186
+FPAV DF+4 o )+ + +E+
Sbjct: 569545 DFPAVGDEDVYD KCA A4 '4* / ] KIIPSRLED 569402
I - »
Query: 187 WQAMGVMNYEL . MVA /NRTQOEIPNAETMKQTESHAVK 243
+ 2 + N Q E + +K
Sbjct: 569401 YSKANAAVVE J "" K TG CPFKWDEGDFDNNLVPHQLE-NMIK 569225

IVVEAARRL 252
I+A +L
Sbjct: 569224 IALGACAKL 569

Query: 244
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Figure 5-5 Open reading frame of the candidate uridine phosphorylase gene

in P. falciparum

ORF Finder (Open Reading Frame Finder)
Length: 245 aa

983 atggataatcttttacgccatttaaaaataagcaaggaacaaata
M DN L L RHUL K I S KZEIZQTI

1028 acaccagttgttttagttgtaggagatceaggaagagtcgacaag
T P V V L V V G D R B D K
1073 ataaaagtggtatgtgattcat tga G agaacaga
I K VvV vV C D S ’

1118 gaatacaaaagtgtagaatgt 5 i, tcagada a
E Y K S V E "

1163 tgtgttagtcacggtgtagg agga atg L
C VvV S H G V 4 -
1208 gaagaattatgtc
E E L C 0Q N
1253 tcatgtggatctcs
S C G s
1298 tgtatatgtaatg
cC I-€¢ N A
1343 ttaattcatggagatt
L I H G D
1388 gatactttaaa atgto
D T L N K G
1433 aatggtatcagtg
N G I s
1478 attccttcaagattag

I P S R L @&
1523 gttgaaatggaactagcc
V EM E L A
1568 aaagttaaaacaggtggta
K V KT G G I
1613 aaatgggacgaaggggatttcg
K W D E G D
1658 ttagaaaatatga

L E N M4
gcaaccaaa atg
A T K !'E'

1703

;
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2. Synthesis of candidate DNA by PCR.

Primers for DNA amplification by PCR were designed by using the
data from the open reading frame and addition of restriction sites of restriction
enzymes, BamHI and Sacl, into the forward and reverse primers, respectively

(Figure 5-6).

SK14 reverse pri
5 TIC GAGETQ C ~ GGT TGC TAA TTT 3’

Figure 5-6 Primer desi fo '." ' ation by PCR
*is thie j,,,,,,,i;, r Bam

ﬂﬂgﬁ%ﬂ %;WﬂuTﬁ' hosphorylase gene

was generatéd by PCR using pg;mer SK13 and SK14, to prlme the reaction.

rhamﬁwwww Wein g o)
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W 735 bp

SOfF 5

quiangminenns
" R YR RPN TR =

(P. falciparum uridine phosphorylase gene). Numbers on the left and the right

sides of the figure are molecular sizes. Lane M is molecular size marker.

Lanes 1-2 are PCR products of the reaction.
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3. Cloning of the PCR product into the plasmid pDrive

The PCR fragment was cloned into the plasmid pDrive cloning
vector (Figure 5-8). Seven colonies were selected for restriction analysis.
The plasmids prepared by rapid alkaline minipreparation were digested with

BamHI and Sacl. Six clones carrying the insert of about 735 bp were

determined.
R /
pinding site o - 4 2
3' GAR ACA GCT ATG ACC - 36 CCA
3' CTT TOT COGA TAC tga -

314

365

39

467

Figure 5-8 Construction of pDrive cloning vector inserted with the PCR

fragment of P. falciparum uridine phosphorylase gene.
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33k

3 kb
735 bp
Figure 5-9 Ideifification of recombina pDrive carrying PCR

=

—i -
fragment of P. falc}parum'ﬁne phosphorylase @ne. Numbers -on the left

and the ﬁgﬁsﬁﬂ ﬁ : W ﬁ?M is molecular size
marker. Lane 1 is uncut construct plasmid. Lanes 2-7 are construct plasmids

AR NN AN
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4. Analysis of the DNA sequence by the BLAST program

Plasmid DNA from clone 2 was sequenced using an automated
DNA sequencer (Figure 5-10). The putative P. falciparum uridine
phosphorylase sequence was analyzed for sequence homology by the BLAST
program. Our query sequence was identical to the open reading frame of the

candidate gene (P. falczparum\{\W/})E rylase gene) with 99% identity

(Figure 5-11). It was only A) was substituted by (G) at

position 130 in our

.
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5. Expression of thedP.dfalciparuni v

bacterial systém 4 -,g.

expression vector and ap opx:téted host ce

-"L:-“ -

-'r’.-‘" 1,-* "‘

expression vectot_D:ﬁ: 2). The recombinant

e phosphorylase homolog

subcloned into Qi_—éQE30

plasmid carrymg > DNA of P.
|
was transformed m ‘9 DH-5a competent cells. {ljhe pQE40 plasmid was

st B4 G 4 e e v

selected fori{nnuprcparatlon of’ plasmid Dlgé (data not s&gwn), then five
coldtied forh i Wérk abelszbalty}the feskidion hnae The plasmids
were 21igested with BamHI and Sacl. It was found that one positive clone was
identified to contain the DNA insert of P. falciparum uridine phosphorylase
homolog, as demonstrated by the agrose gel electrophoresis (Lane 5, Figure
5-13).
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Figure 5-11 Result of DNA sequence analysis by the BLAST program

Score = 1408 bits (732), Expect = 0.0
Identities = 734/735 (99%)

Query: 1 atggataatcttttacgccatttaaaaataagcaaggaacaaataacaccagttgtttta 60

SRR RS F AR R RN R R R A AR R R P IR AR RN E R R
Sbjct: 1 atggataatcttttacgccatttaaaaataagcaaggaacaaataacaccagttgtttta 60

Query: 61 gttgtaggagatccaggaagagtcgaca taaaagtggtatgtgattcatatgttgat 120

SR EE RN RN TRl L errrrrrerrerrrreereerend
Sbjct: 61 gttgtaggagatccaggaagagte: ggtatgtgattcatatgttgat 120

Query: 121 gggtcagaaattttta 180
(ARRRRRRRRRRRNE]

Sbjct: 121 ¢ a ataagggtcagaaattttta 180
i

Query: 181 tgtgttagtc gaattatgtcaa 240

RERFAREE \ ‘ (ARRRRERRERN]
Sbjct: 181 tgtgttagtca . >t 240

Query: 241 aatggagctaa ggtt. ‘W.ﬂ 300
NARRARRN : . :
Sbjct: 241 aatggagctaaag tcat 300

Query: 301 aaaagaggtgacat 360

Sbjct: 301 agagtatctcattta 360

jatgtttatgatactttaaataaa 420

i
Query: 361 ttaattcatggagatttccea
(NARRRRNRRRRRRRRRERRAY

||IIIIIII|IIIIIIIIILH‘

Sbjct: 361 420

Query: 421 480

Sbjct: 421 480

tgtgcacaa y
||

Query: 481 tatcccaataaaattattccttcaagattagaagattattctaaagctaatgctgetgtt 540
IIIIIIlIIIII'W]!*I|IIIIIIIIIIIIIQL’IIIIIII|IIIIIIIIIIIII||I|

ANy

Query: 541 *aatggaactagccactcttatggttattggaaccttaagaaaagttaaaacaggt 600

T I IIIIIIIIIIIIIIIIIIII‘HTIIIIIIIIIIII ARRREANRRRRRRERE AN Y )

Sbjcﬁs t}jaa tgﬁiﬁgc cmti];ﬂg c! aaatia_.'aaac t 600

_Query:q6 1 ggtattcttat gttgjga gtccattcaaatgggacgaaggggatttcg ﬁaﬂso
(AR RN RN AR RN A RN A RN R RRNR RN RN

Sbjct: 601 ggtattcttattgttgatggatgtccattcaaatgggacgaaggggatttcgacaacaat 660

Query: 661 ttagttcctcaccaattagaaaatatgattaaaatagccttaggagcatgtgcaaaatta 720

RN RN AR RN R AR RN AR A RN RN RRRRRRN
Sbjct: 661 ttagttcctcaccaattagaaaatatgattaaaatagccttaggagcatgtgcaaaatta 720

Query: 721 gcaaccaaatatgcc 735

TRTRLRRRRRttd
Sbjct: 721 gcaaccaaatatgcc 735



Figure 5-12 Construction of pQH30 xp octor inserted with the DNA
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@ 735bp

Figure 5-13 Identlﬁé;atlon of recombmant plasmlds pQE3O carrying DNA

o off i Wt S ) s e

side of the f%]gure is molecular gize of the insert. Lane M is,molecular size

k. e o il SRAINEIA B
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The plasmid DNA from the positive clone was transformed into
SG13009 and M15 competent cells, and plasmid pQE40 was also transformed
as a positive control. Five colonies were selected for minipreparation of
plasmid DNA and restriction analysis. The plasmids were digested with

BamHI and Sacl. All five colonies selected from SG13009 and M15 cells

16 y), as shown by the agarose gel
=,
—

‘H

were positive clones containing

N

analysis (Figure 5-14).

5.2 Expression of 5/

One

se gene in E. coli

clected for expression by

induction with IP ﬁ» Ositiv . trol pQE40. The IPTG-

induced E. coli e recombinant protein

expression. The expre fofeins W rrified by the Ni-NTA affinity

chromatography and then atiatyzed Y-

B

major band at appto

- AusInenineIns
RN TUNRININE
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BN 735 bp

Figure 5-14 Charq; terization o antsuNumbers on the right side

of the figure is molecular size of the insert. Lane M is molecular size marker.

Lanes 1 3@] uihlvlllmgfnﬁow EJnrJ ﬂiie positive clones of
éW’] ANNIUNNIINGIAE
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6. Study on the enzyme uridine phosphorylase of P. falciparum

recombinantly expressed in E. coli.
The purified expressed proteins were subjected to enzyme assay of
uridine phosphorylase activity. The results of uridine phosphorylase activities
in lysate and eluate are shown in Tables 5-1 and 5-2. The specific activity of

uridine phosphorylase in the W// 2.20 + 3.85 nmol/min/mg protein

,
‘min/mg protein (n=3). The

(n-4) and in eluate

recombinant e 4 % yield. The k_, value of

ing concentrations of

substrate of the enZym€ uridi phorylase ) idine, and fixing enzyme

concentration. The resuls are'shown it Tables >-3 and 5-4. The Michaelis-
Menten constants (K ) and ¢z d nt (k) was calculated from the
Lmeweaver—Bu:K‘blot (Flg;re:§-14l9). The K_ values for
non-induced protéin and IPTG-indug were 28.41 and 121.95 M,

and k values were 1 .59 and 1. 15 min;l, respectively. These results

suggested ﬁ uﬂ% Eﬁqﬁuw E)}lﬁ]‘.lﬂ ﬁjs different from the

P, falczpa enzyme in the IPJG-mduced condition durm%She heterologous

=R 1N 3TN UNINYIA Y
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Table 5-1 Results of uridine phosphorylase activity in the lysate.

Experiment No. Total protein Total activity Specific activity
(mg) (nmol/min) (nmol/min/mg)
1 0.0338 1.51 44.68
2 0.0320 1.51 47.19
3 38.61
4 38.30
Mean +SD 42.20 +3.85
Table 5-2 Results ofiridin n the eluate
Experiment No Specific activity
(nmol/min/mg)
1 400.00
2 400.00
3 225.00
Mean +SD - 341.66 £82.50

ﬂ‘lJEI’J‘VIEWI‘iWEI”
QW'\ﬂ\‘lﬂiﬂJﬂJWﬂV

g8 8
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Table 5-3 Kinetics measurement of uridine phosphorylase activity from non

IPTG-induced expression in E. coli.

Uridine (uM) Rate (nmol/min/mg protein)
5 8.61
10 14.56

25 2253
50 7 36.96
46.71
49.75
Table 5-4 Kinetics fne:  of .f; } \, uridine phosphorylase from
IPTG induced expressio F" ;', : ‘\
—— Rate (nmol/min/mg protein)
L) 165
.‘T 5.06
@ 12.12
AU InEnneIng:
- 75 = _ 3141,
QW'] aﬁ&)ﬂ‘ﬁmll 1791838 8
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Figure 5-16 Michaelis-Menten kinetics of uridine phosphorylase from

non IPTG-induced expression in E. coli.
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Figure 5-17 Lineweaver-Burk plot of uridine phosphorylase activity from
non IPTG-induced expression in E. coli. The data were taken from Figure

316,
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Figure 5-18 Michaelis-Menten kinetics of P. falciparum

uridine phosphorylase from IPTG- induced expression in E. coli.
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Figure 5-19 Lineweaver-Burk plot of P. falciparum uridine phosphorylase
from IPTG-induced expression in E. coli. The data were taken from Figure

518
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Determination of the molecular mass of the P. falciparum uridine
phosphorylase was performed by using SDS-PAGE analysis. Various
molecular mass marker proteins were loaded on a 12% gel of SDS-PAGE,
including phosphorylase b (molecular mass = 94 kDa), bovin serum albumin
(molecular mass = 67 kDa), ovalbumin (molecular mass = 43 kDa), carbonic

anhydrase (molecular mass = 30 | ‘ sin inhibitor (molecular mass

= 20.1 kDa) and | r mass = 14.4 kDa). The
relative mobilities of proteinswere plotted agaimstmolecular mass on a semi-

log graph (Figure«5< e slect \ P. falciparum uridine

phosphorylase andard curve. It was

approximately 304
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Figure 5-20 Standard curve for protein molecular mass determination.

The symbol e indicates the position of P. falciparum uridine phosphorylase
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