[UCI]1804: 24011- 200000232742

2006% 2AH
AR B 3w D

Streptomyces sp. SCC-21369]
deoxysugar Ao FA=H=H
Glucose—-1-Phosphate

Thymidylyltransferase % &}
(schS6)S s Tz F2AGA|
2 Y5 SHAT

A RER KEE
g B R

& F R



Streptomyces sp. SCC-21369]

deoxysugar Ao #HHA
Glucose—1- Phosphate

Thymidylyltransferase 573 A}

(schS6)S] 3hurdl vl el
2 sty SAT

Over expression of Glucose—1-Phosphate
Thymidylyltransferase Gene(scAS6) Involved in
Deoxysugar Biosynthesis from Streptomyces sp.

SCC-2136 and Biochemical Properties of
the Expressed Protein

20065 2AH

EERER KERE
2 B R

® F K



Streptomyces sp. SCC-21369]
deoxysugar Ao FHH
(Glucose—1-Phosphate
Thymidylyltransferase %%ﬂz}q

(schS6)S] FUd oA BajgA
2 Qsieby 54T
REHE M PE

o] W= HEMAL B RHmNoE R/ET

20054 104

EERER KEE
2 B R

& F K



IS LR S RES

TRE WIEEREM P &/ B R
& A MR #EE & d — F
= W VNl C A I

20054 11H 29H

RARE KRR KRR



Contents

List of Fiugures

List of Table

ABSTRACT

I . INETOQUCLION  weereereeseeserssssssssssssssssessessssssssssssssssssssssssessessessssessessssessenaes 1
L. Materials and MEthods — sweeseesessesesemsesessessssssssssessessessssnsssssssssanaes 5
1. GENEIFALS — reereeseesessessesssssssssssssssssessesssssessssssessessssssssssesssssssessesssssssssns 5
2. Bacterial strains, plasmids and culture conditions — seeseseeeeesess 6

3. Design of PCR primers for the probe of

dTDP_glucose 4 , 6_dehYdr ALASE  cecrererecrescnictiiiiiiiiiiiiiiiiiiiitiiiiistintientene %)
4. Construction of the genomic library and screening ceweeseseeseeees 6
5. Nucleotide sequencing and analysis — coesesesessssrsessssssssnsensnsenesnnennsd 7
0. ACCesSSion NUMDEIr seereesererssrrnssttuesstaistiessienssttnsntaesstsnssitnssteassstassstsessssnsd 7
7. Construction of expression plasmid — coeoeeseesesessrsesssessssnsensnsmnsnennensd 7
8. Protein Concentration ........................................................................... 8
9. Enzyme QASSAYS  reeeeeeereeeeeeesssntttiitttii ettt 8
10. HPLC Analysis ................................................................................. o)
11. Over expression and purification of glucose-1-phosphate

thymidylyltranSferase e, 9
12. Molecular weight determination —sesessesssessssesssssmssssnsmssnssiensnsnnenssnnenen: D
13. Substrate and inhibitor specificCity —crsessssessessssessssemsssssmisnsisnne: D

. Results and DiSCUSSiOfl ...................................................................... 1



. Cloning of deoxysugar biosynthetic gene cluster of

Streptomyces Sp. SCC_2136 .................................................................. 11
. Sequence ana IYS 1 [ RRLLL LT T P PP PP PO PP EOPRIP T DUPPIPTEOPPIPIEPPRIIISOPPIPIPEPRIPIED 11
3. OVGI‘ expression Of SC]156 il’l E. CO]I' .................................................. E

4. Purification and physical characterization of

glucose—l—phosphate thymidylyltransferase ...................................
. Substrate and inhibitor specific of
glucose—l—phosphate thymidylyltransferase .....................................

. COHCIUSiOl’l .............................................................................................. 23

. References .............................................................................................. N



Figure.

Figure.

Figure.

Figure.

Figure.

Figure.

List of Figures

Structure of Sch 47554 and Sch 47555 «reerereererenecsenecnns !

Amplification and cloning strategy of schAS6 into
pET32a+ for the expression plasmid pSCHSE -wwweeeeee- 15

Complimentary neocleotide sequence of schS6 and
its deduced amino acid Sequence ........................................ 16

Multiple sequence alignments of the SchS6 with
known glucose—1-phosphate thymidyltransferases
fI'OlTl databank (NCBI) ............................................................. 17

Ni-affinity column chromatogram of
glucose—-1-phosphate thymidylyltransferase «--ssseeeeee 19

Purification fractions and molecular weight
determination of the expressed schS6
by SDS_PAGE ......................................................................... 20



List of Tables

Table. 1 Purification scheme for glucose—1-phosphate
thymidylyltransferase from Streptomyces sp.

SCC_2136 ..................................................................................... 18

Table. 2 Activity of glucose—-1-phosphate thymidylyltransferase

with various nucleotides

Table. 3 Substrate specificity of glucose—1-phosphate
thymidylyltranferase ..................................................................



ABSTRACT

Over Expression of Glucose-1-Phosphate Thymidylyltransferase Gene(schS6)
Involved in Deoxysugar Biosynthesis from Streptomyces sp. SCC-2136
and Biochemical Properties of the Expressed Protein

Kim Su Min
Advisor: Prof. Yoo Jin-Cheol, Ph.D.
Department of Pharmacy,

Graduate School of Chosun University

The deoxysugar biosynthetic gene cluster of Sch 47554/ Sch 47555 was
cloned from Streptomyces sp. SCC-2136. The three orfs namely schS6,
schS5, and schS2 were amplified, cloned and heterologously expressed in
E. coli. One of the orfs, sch%, appeared to encode glucose-1-phosphate
thymidylyltransferase, which converts dITP and Glucose-1-Phosphate to
TDP-D-glucose and pyrophosphate. The dTDP-D-glucose is a key metabolite
in prokaryotics as a precursor for a large number of modified
deoxysugars. These deoxysugars are major part of various antibiotics
from glycosides to macrolides. SchAS6 was expressed in £.co/i in the
vector pSCHS6 and the expression protein was purified to apparent
homogeneity by ammonium sulfate precipitation and Ni-NTA affinity column
using imidazole buffer as eluents. The specific activity of the enzyme
increased 4.7-fold with a recovery of 17.5%. It migrated as single band
on SDS-PAGE with a molecular mass of 56kDa. The purified protein showed
glucose-1-phosphate  thymidylyltransferase activity, catalyzing a

reversible bimolecular group transfer reaction. In the forward reaction



the highest activity was obtained with combination of dTTP and a-D-glucose
1-phosphate, and only 12% of that activity was obtained with the substrates
UTP/a-D-glucose 1-phosphate. And the purified protein was highly specific

for dTDP-D-glucose and pyrophosphate in the reverse reaction.
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Al FA AT AlFFE o] 1941 Actinomycino] A EAESAL, Ao F
23+ g AA ZAE Streptomycine] Ao 2 BA JfEtEQl. 1940 o

A E0] streptomycesell A LAHHA o]g]d o] xthal Ao e AFE F
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Nucleotide-sugar — dTDP-D-glucose™= A BEoNA  Fa3 A oA,
L-rhamnose (6-deoxyhexose), 6-deoxy-L-talose, 2,6 dideoxyhexoses®} T}E
deoxyhexoses$} 7S B w3y gsugarse] AFA=Z giugc. BHP Aot
bacterial antigens®] T-4&°] ¥™, ©]& unusual deoxyhexosest macrolide &
AAE E$HS glycosidesoll Al W7 E 4= Qlt}d (Aguirrezabalage et al., 2000;
Floss and Beale, 1989; Vara and Hutchinson, 1988; Yoo et al., 2000). 01711

Macrolides, anthracyclines, “LZ]3l polyethers& ¥3%3t e JYANEL HE

o] deoxygenated hexose sugar (deoxyhexose) TAES 7FAal QJal, o|AEL

O

AukHoR Bd GAAS A5 ARGA B4e] Hh. WS ATE Ha
!

} 24 7| o] A

ook
)

H BEE deoxyhexosesE AA37] $13F early enzymatic step©]
dTTP®} o -D-glucose-1-phosphate=+%-E] glucose-1-phospate thymidylyltransfer-
ase (dTDP-glucose synthase, EC 2.7.7.24)e] <&l dIDP-glucosed FAdste ©|
TWE%tt  (Bechthold ef al., 1995; Lombo et al., 1997).%%
Glucose-1-phosphate thymidylyltransferaset™= reversible bimolecular group

transfer Wkg-ol weg} A 71},

dTTP + o -D-glucose-1-phosphate <> dIDP-D-glucose + pyrophosphate (ppi)

Glucose-1-phosphate thymidylyltransferaseS ¢33}sle= ©e FHAAES
6-deoxyhexose moietiesE 33F3F natural products®] AA FHAE 7HAL A
= gene clustersolA TAFJUT (Jiand. er al., 1991; Pissowotzki. et al.,

1991; Merson-Davies and Cundliffe, 1994; Marolda and Valvano, 1995; Shong et

al., 1998) #2256 e} Salmonella  enterica LT2, Streptomyces
antibroticus, Pseudomonas aeruginosa, E.col IZ5H =824

glucose-1-phosphate thmidylyltransferase FHdAE9 wayl A3sty EA

catalytic mechanisme] X.a1¥ ¥} ¢} (Lindquist et al., 1993; Yoo et al.,

_2_



1999; Simone et al., 2001)."%"*

Sch 47554%} Sch 47555+ Streptomyces sp. SCC-21360 =258 Aits] = Al
28 angucyclineZl X WAZA  Candida albicans, C. tropicalis®t C.
stellatoidea®) W3t AT S 7472 252 L-aculose$t D-amicetose$}
22 2,3,6-trideoxysugars 7FA3l QJt}k. Trideoxysugarel] tgh HHe] 797}
Hu¥EQu 2 d4Hzd od&2ZA4  landomycin®  urdamycin®  dIDP-L-rhodinose,
vancomycin®]  dTDP-L-epivancosamine,  daunorubicin®  dTDP-daunosamine}
rubradirin® rubranitrose’} QUTh.® Aculose$} amicetose glycoside 3FAJ A<

2,3,6-trideoxysugarse 7FA 3 Q& E58 4SS gigsich 007 e F

i

8 metabolite®! dIDP-D-glucoser= T2 modified deoxysugars® Z-A]7}
. °]5 deoxysugars< glycosidesH-E macrolidesel] o2& t}okdl 3}AAE 9

o}
Fo9 BRom, 15 Bud 4% e A7 ARHT o 1
A~

l>

& ARegor BHAY o At olde deoxysugarse] HEE T
) 2

A#el dag ok Wl o] A urdamycin} FAFE F8 PKS core2A 3
tumor  FAAZ  AREHOH  ThsAel U Deoxysugars®] <l
glucose-1-phosphatet= dTDP-D-glucose synthase®] 23] dIDP-D-glucose® 43}
%3l dIDP-D-glucose 4,6 dehydrataseo] <J3F AlF# <l dehydration 23}
dTDP-4-keto—6-deoxyglucose®= g}, o]F9] HAHOZE  epimerization,

reduction, dehydration, methylation, amination®] %}

SchS6 genes glucose—1-phosphate thymidylyltransferase gene® 743+ 454
< HolFE, Orfss 2 kel SchS6L- glucose-1-phosphate
thymidylyltrasferase& ol 3}slo 2 M dTTP2} Glucose-1-phosphateZ

TDP-D-glucose$} pyrophosphate® ZHZAIZITE, B AFo = £ coliolX schS6






II. Materials and Methods

1. Generals

Inorganic pyrophosphatase, dIMP, dTDP, dTTP, dATP, dCTP, dGTP, dUTP,
dADP-D-glucose, dCDP-D-glucose, dGDP-D-glucose, dTDP-D-glucose,
dUDP-D-glucose, dTDP-4-keto-6-deoxyglucose 2} B sugar—1-phosphate,
[PTG(Isopropyl B-D-thiogalactoside), DIT, TEMED, Ammonium persulfate, SDS,
Acrylamide, Carbenicillin, B-Nicotinamide Adenine Dinucleotide (B-NAD),
Glycine, Glycerol, 2-Mercaptoethanol, Polyacrylamide= Sigma Chemical Co. <l
A Fdskslar, Standard protein (Phosphorylase b, Albumin, Ovalbumin,
Carbonic Anhydrase, Trypsin Inhibitor, a-Lactalbumin), Trizma base, Ammonium
sulfate, Potassium chloride®} Potassium phosphates= USB (USA)ol A Alt}.
Ni-affinity gel Novagen (USA) 7555 T)8he] ARE-3F31aL, Shim-Pack CL-DOS
(M) 8C Column, ODS Hypersil column®} CL-Dos guard column< SHIMADZU Co.
(Japan) 258 <15}3ith.

Escherichia coli XL1- Blue MRF= Stratagene (La Jolla, CA)ZH-H Alar,
Fscherichia coli BL21(DE3)%} pET32a+ & WE|= Invitrogen Corporation (San
Diego, USA)ZF-E] wrol A}83}3Ith. Synthetic oligonucleotides= GeneChem
(Daejeon, Korea)oll <J3l 3= o] 3L, Polymerase chain reaction (PCR)-
GeneAmp kit¥} &7 perkin-Elmer CetusZ=H-E TY43FTt. o2 EE Chemicals
+ Sigma T+ United States Biochemical (Cleveland, USA)2] A|3&S- AFE3}3 o
™ Restriction enzymes®t TFE enzymest™ Promega Biotech (Madison, USA)<}
TaKARa Shuzo Co.°ll A TY43t3itt.



2. Bacterial strains, plasmids and culture conditions

Streptomyces sp. SCC-2136 (ATCC 55186)<2 ISP2 ®iXA] (1% malt extract,
0.4% yeast extract, 0.4% glucose) agar plateol] 3-5U%&<QF 28Coll A njF3ict.
E.coli XL1 Blue MRPE A =% Z&t~v=9 FH|9} cosmid libraryE +%S 9
3 ARE-sEltH. E.coli BL21 (DE3)E 25T, pET32ats LAWEZ ARESIle
H, fo dFsS AdYdew szl 8l ampicillin (100 pg/ml)¥}

apramycin (100 pg/ml)E ARE3}SIT},

3. Design of PCR primers for the probe of dTDP-glucose 4,6-dehydratase

Zglolw = oAl 7HA19]  tFE actinomycetesol] EA|3= dTDP-glucose
4,6-dehydratase gene®] conserved region® Z5-El A2 AT}.® Streptomyces sp.
SCC-21369] - A= F-¥ dTDP-D-glucose 4,6-dehydratase® F74 %= @A 340bp
= xglolr DW11(upstream): 5'-CACTTCGGGGGCGAGTCGCACGT-3"' £} DW32
(downstream): 5'-GGGCCGTAGTTGTTCGAGCA-3'S A}&-3lo] SE3}3iT}.

4. Construction of the genomic library and screening

AR ARl Focoli AIXES 24, A A3 DNA ZF& Standard protocol
of wat Fastt.? Strepromyces sp. SCC-21362] genomic DNAE 1SP2 o )| ul] <]
Ut wjgS Sof FH|EAL, Hopwood & WOl wet

phenol-chloroform &3t ol&] FZ¥ ¢t 78 o] SauBAlZ B8 Aus)

oA 28T, 3¥Y

o 30-40kbe] @HE fpal ¢t Bamtll &2 HrE cosmid €] p0J4d6el ETh. In
vitro packing< Gigapack III XL packing extract (Stratagene, USA)S A|Z%}9]

intoductiono] w&} 43833},  Probe= random primer labeling kit
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(Stratagene, USA)E Al&3slo] P2 FAE QL gel filtrationd] ¢3te] Ry

ATk, Hybridizatione 10ml<] 2X SSC (50TC, 6h)ell Al =83stict.”
5. Nucleotide sequencing and analysis
Nucleotide sequencesi= automatic sequencerZ A}R&3F dideoxy chain
termination methodel] <& A EAUTt. Computer—aided sequence 212 DNASIS
software package (version 2.1, 1995; Hitachi Software Engineering)® 3§3}%}
a1, database searchesi BLAST=® 4-3§3}S3 .

6. Accession number

SchS62]  Nucleotide sequencet™ EMBL nucleotide database®] accession

number ol wgkt},

7. Construction of expression plasmid

Sch$2  forward primer BS-Synl: 5'-GGATCCCATATGAAGGCGCTTGTGCTG-3' <}

reverse primer BS-SynIl: 5'-GAATTCCCTCATGACGTGACCTCCAC-3'ZE AF&3F cosmid®

HE ZEZHt} (restriction sites are underlined). PCRE Pre-Mix™ -Top kit
(Bioneer, Korea)E ©]-83F Tachne thermocycler (Eppendorff, USA)Z =33}
. PCRAME S Ranlll#} EcR1C= Aok, AAHAIL FAg A|g qaio] o3 2
dE ¥ pET32a+E S 24993t (Figure 2). &1 = pSCHS62 £.coli BL21
(DE3) el A &l =] At



8. Protein concentration

o
o
=
Qo
o
—
o
=
o

gz %= standard=A] bovine serum albumin® AR
(1976)%° o] Wo] o8 ZAaort. FTFE AgolA SAHsE dWde &

%+ colum fractionE< A8k 1Y H o2 AREE o ZIT),

9. Enzyme assays

Glucose-1-phosphate thymidylyltransferase®] <742 HPLCe| <&l dTTP<}
dTDP-D-glucose?] sxW3}lo] wel SAH ¥, a-D-glucose-1-phosphate®} dTTP=
F-E dIDP-D-glucosed HAst= A= &9218}7] 913l standard protocolZ =73}
th. Reaction mixturest™ 15pmol Tris/HCl pH 8.0, 3.6pumol MgCls, 7.2pmol
D-glucose-1-phosphate, 1.8 pmol dTT, 1.8 U inorganic pyrophosphatase®} 2%

] S53#3% glucose-1-phosphate thymidylyltransferase (usually 30p )& H=

ol

volume 300 12 931 37C d-2Fo|A HrgAIZIth, 208 7HA S =2 sample (30
nl)< FHska =A] 1.0ml 50mM potassium phosphate pH 3.0 % 7}sle] WHg-&
FTAANZIY. M E sampleES HPLCo| ol&] EA = ojduj71#] 4TCo| H sl
A

kel

gt

enzyme activity®] 1 uniti= standard assay conditiono]A 20%%<F 1 nmol

O
o
2

integrated HPLC peak areaZ 5B A% o]z dIDP-D-glucosed] 2

dTDP-D-glucose®] A3} 731, specific activity®= 1 milligram protein & 1

unitso] .

10. HPLC Analysis

Guard column (CL-DOS guard column; SHIMADZU Co.)¥} ¥H7A A X% Shim-Pack



CL-DOS (M) 8C column (4.6 x 150mm)S HPLC® A}g3lt}. Sample H+= standard
solutiong column®] =33l 200mM potassium phosphate pH 4.09} Sh7A| F38§A|
ZAt}t. Flow rates= Iml/min, &%+ 25C, =59 T4 =+ 254mmo|tt.

11. Over expression and purification of glucose-1-phosphate

thymidylyltransferase

pSCHS6S. = HAHSH £ .col/i BL21 (DE3)S Ampicillin (100 pg/ml)= 7}
Sk LB broth (1L) F&3ke] 37°CellA ODeo &t 0.4~0.60] =% wjdst 5, 0.1mM
IPTGE b, 25Tl 10A1%F B9 inductiondtal 10,000 x g 10 F<F ¢
ARy ste] AE e wlglar A7k 20mM Tris/HCI (pH 8.0) + 1mM MgCl2 buffer
2 HAAES F W washingdlz 9& YolA] ultrasonicater® o]&3}o]
disruption 31T}, Cellular debrisE 15,000 x g 30+ FoF 4l ste] 1A
gtal, e NS crude extract#ral 3Ftl. Crude extracto] Ammonium sulfate

’

powderZ 35% saturation®] HEZ H7}stal 12,000 ¢ x 1A ZF=<oF YA R &Y

F

b4

s [e]

o}, 5ol ammonium sulfate powderE 70% saturation®] HESE YojFE

r

o

Adgete] AHdES AAo. Hdd 9mASs A2 o] 50mM Potassium
phosphate buffer (pH 8.0)o] o], Y3k buffer(200ml)= ultramembrane
filtrationoll oJa *F ztdl 9= AAMFIL 6nlz FFAZG. sFA Z8=
200mM KC1S 3¥3FsF 50mM Potassium phosphate (pH 8.0) buffer (Lysis buffer)®
AH A7 Ni-NTA slurry 3ml3} 37 200rpm rotary shakerZ ARg3lo] Z3tsly

o} (4T, 60%). =HAS column (1 x 4 cm)ol] A 3}3}aL flow through &8-S 3

43+ th. Lysis buffer 8ml= Washing 3, lysis buffer 80mlo] 10mM~200mM

imidazole®] FETHIE F°] elutiondtal Z}7te] #8S 3|43ttt 7 +8&
o gAgdAge Fosta, FATAL 7R 150mM~200mM  imidazole #IEE

centricon (Amicon. Inc.)< AF&3le] FF3stal, 80T H#AsFIT),

_9_



12. Molecular weight determination

Subunit wAFF &4 sampleE® X+ B-galactosidase (116,000),
bovine serum albumin (66,200), ovalbumin (45,000), lactate dehydrogenase
(35,000), restriction endonuclease BspPO81 (25,000), B -lactoglobulin
(18,400), lysozyme (14,400)<2 standard® 3}+= Laemmli (1970)o] <J3} A%
SDS-polyacrylamide gel electrophoresis (SDS-PAGE)Z =7 glt}. Separating@}t

stacking gel& Z+2Z} 12%, 5% polyacrylamide® 3$FC}.

13. Substrate and inhibitor specificity

A= Fate) = Aas); nucleoside triphosphates (2.0mMD) <}
sugar-1-phosphates  (6.0m\)°]  AWH3, nucleoside  sugars  (2.0mM)<}t
pyrophosphate (6.0mM) &Iwk$-e] &7]|# Eo]A& inorganic pyrophosphatase”}
AeFE standard assay systems AFE3le] FAFSITE. Inhibition WH&2 2ml,

5mM €A =% (ATP, CTP, GIP, UTP, TTP, TDP, TMP)& Z3)s}%lt).

_10_



II. Results and Discussion

1. Cloning of deoxysugar biosynthetic gene cluster of Streptomyces sp.

SCC-2136

Streptomyces sp. SCC-21362] genomic library:= probe$l dTDP-D-glucose
4,6-dehydratasell °]3 deoxysugars®] A& F42 Ae 27389 a4l Y
23U E cosmid librarye] 20007 o]/de] FE2%5 FolA pSCC1E 7FAaL A= 10
Mo FE25S5 hybridization 3T, Cosmid pSCC1e deoxysugarsS 433t 97
©] ORFs®} polyketide synthase® $Adsk= 2 70 ORFso EAE &<lstr] 93l
Adst =Slth. dTDP-D-glucose synthases 92 38}sli= schS6e database® -E
F29 opuiat Mo HuE 5 clustero]l YAS LA HAt.

2. Sequence analysis

TR schS6e 1.06kbelal, Streptomyces® 571 70% GtCE E3Hsh ATGS}
TGA +42 F=LS 7R Yo dIDP-D-glucose 4,6-dehydratase (schSH) <}
C-glycosyl transferase (schS7)2] Lol x|ttt T2 F=L schSHe] A =
=3 FRAY. vuE Fd Streptomyces fradiea (D-olivose/L-rhodinose A3t
d)el UrdG,  Streptomyces cyanogenus (D-olivose/L-rhodinose 23 34)<]
LanG, Streptomyces sp. AM-7161 (medermycin AA&4A)e] Med-ORF1-183}
Streptomyces violaceoruber Ti22 (D-olivose/L-rhodinose &A)el Gra-orfl6
MIdEo] Zhzh 74%, 6%, 64%,9F 58%9] TUAAE IS & 4 k. Multiple
alignments® TIP 23 =<l ‘GGSGTR#} glucose 23 F-91¢1 "EKP'Ve] B s ¥

N-terminal triphosphateE H.oJ<=t} (Figure. 4).

_11_



3. Over expression of schS6 in E.colI.

schS6-inserted pET32at+E AH&3 ¥ Zob2w| = pSCHS6S 53kt

d s=FRE Lceoli B2l (DE3)E AHESHY. d2d&E Focoli BL2L
(DE3)/pSCHS69] cultivation®} induction Z¥}= 56.100 Dalton ¥z o] A2ty
At (Figure. 6). ©] ©@¥Wz bandyx induction A|7HE 10A1%F AAAsto 2 M
intensify A}, 1 Ex}&S SchS6 @il A o] oW Ex}F (56,100 Da)d o
23Ry, E.coli  systemoll A StreptomycesE=HE @ EFEH 0 EL  FHAY
High-level ¥dL TF S84 o] ug- 2EsA 2% inclusion bodies
S ¥4l @t} (Schein and Noteborn, 1988; Kil and Chang, 1998). H.%& wlj<k
(37TC)°l A E.coli®] schS6 &2 inclusion bodyE HAstA v}, 2dd

gz o] 78 AL cultivation €55 25CE WFHF0 2H =71=T),

o

4. Purification and Physical characterization of glucose-1-phosphate

thymidylyltransferase

Cell Free extract®d ddAE AL ammonium sulfate fractionationd}
Ni-affinity column chromatographyS E3al 4.78] AAEAL 17.5%9] yieldE H
9ttt (Table. 1). Ni-affinity column chromatography step®lAl coincidental
elution @A wlAEo] FASAES Figure. 5o YERHAT. AHAAEH @i
specific activity:= 80.1 units/mg ©|t}. whlze Bxjak oF 56kDa?] single

protein band® SDS-PAGE AellA & 4= 9lt}.

_12_



5. Substrate and inhibitor specificity of glucose—-1-phosphate

thymidylyltransferase

R

Aukgo 2 )3 nocleotide triphosphates®t sugar-l-phosphates, & HFS-
S = nucleosid diphosphate sugars@ JA|¥ &49] substrate specificitys =
Abslith, AWe-o dTTPe} a-D-glucose-1-phosphated] WHEol|l A 7} =& A
S AT} (Table. 3). Subsrates UTP/ a-D-glucose-1-phosphate?] HF-S-ollA 12%
9] relative activity® LAtt. GubgolA AAlE &A= dIDP-D-glucose <}

pyrophosphateol| 4] 7}F4 H& 348 HY 1, GTP-D-glucose <+ pyrophosphate®

A 2% relative activityS 4tt.

_18_
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Figure. 1 Structure of Sch 47554 and Sch 47555
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Figure. 2 Amplification and cloning strategy of schASé6 into
pET32a+ for the expression plasmid pSCHS6
( B: BamH1 ; E: EcoR1)
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1 - GIGGTGECGEECACT GGAACAGCT CCGCT GAACCGOCAAGECOCCGACGCCOGAGECACEA - 60

61 - ACGOCCGGAGCACGACGAGAAAAGGCATGCACACGT GAATCGAGAGGACTCCTCATGAAG - 120
M K

121 - GCGCTTGIGCTGECAGECGGT TCOGGTACCOGCT TGOGACCCTTCAGI TATTCGATGOCG - 180
AL VLLAGGS GTRLRPFSYSMP

181 - AAACAGCTCATOCCGATCGCCAACACCOCCGTCCTGGTACATGITCTGGAGAACATCOGG - 240

K QL1 PI ANTWPVLVHVLENIR

241 - GACCTGEECGT CACCGACATCEE0GT CATCGT CGECCACCGEEEECO0GGAGATCGACECC - 300
DL GVTDI GVI VGHRGPETI DA

301 - GCCCTOGEGTGACGECTOCCGT TTOGECGTGAAACT CACCTACATCTCCCAGGACECCOCG - 360
AL GDGSRFGVKLTY 1l S§QDATP

361 - OGOGECCTCECOCACACGGT GECCATCEOCOEEGACT TCCTOBECGACGACGACTTCGTG - 420
R GLAHTVAI ARDZFLGDTUDUDFV

421 - ATGTACCTGGEECGACAACGT GCTGCOCGAGEECGTCEOCECCACCEOCGAGGAGITCACG - 480
MY L GDNVLUPEGVYAATAEEFT

481 - GCOCGEECGTOCEECOG0GECAGAT CGTGGT CCACAAGGTGACCGACCOGOECCAGITCGEGET - 540
ARRPAAQI VVHIKVYTDUPRAOQFG

541 - GICGCCGAACT CCEECOCGACEE0GAGGTGCTGOGT CTGGT GGAGAAGOCECECGAACCG - 600
VA EL GPDGEVLIRLVEZKPREFP

601 - OGCAGCGACATGECGATGGTICEE0GTGTACTTCTTCACCTCGECCATCCACCEEEOEGTG - 660
RSDMAMYGVYFFTSAI HRAYV

661 - GACTCGATCGAGCCCAGCGCOOGTGECGAGCT GGAGATCACGGACGCCATCCAGTGCTG - 720
DSI EPSARGETLTEI TDAI QWL

721 - CTGECCTOOCEE0CECCGAGGET COB0GEOCACCCAGT ACGECGECTACTGEAAGGACGCCEEG - 780
L ASGAEVRATI QYGGY WKDAG

781 - AACGTCGAGGACGT CCTGGACTGCAACCGCTACCT CCTGGACCEECTAECACCGTCCGIC - 840
NV EDVLIDCNRYLLUDRLAPSYV

841 - GAGGGTGACGT CGACGACCT CAGOGAGCTGCT GEECE0GGT OGT CGTCGAGECEEEEECG - 900
EGDVDDLSELLGAVVVEAGA

901 - COGCGTGACACGGT CECGCATOGAGEEECOGGET GATCATCGGAGCGEECECAGTGGTGEAG - 960
RV TRSRI EGPVI I GAGAVVE

961 - AACAGCCACAT CGECCOGCACACGT CCATCGEEE0ECEECT GOCTGGTCAGCGACAGCECC - 1020
NS HI GPHTSI GRGCLV SDSA

1021 - GIGGAGAACTCCATCOGCCCT CGACGAGECCTCGGTCAGCGECGTCAAGEECCTGCGCAGT - 1080
VENSI ALDEASVYSGVKS GL RS

1081 - TOGCTGATCGEECGEGET CCECCTCAETCEECACCAGT GAGCAGEECGTCGACCEGTACCEG - 1140
S LI GRSASVGTSEOQGVDR RYR

1141 - CTGGTOGTCGGAGACCACACCOGAGT GGAGGT CACGECATGAGGATCCTCGTCACCGGAG - 1200
L VvVvGGDHTRVEVTA?**

1201 - CGECCGECTTCATCGECTCCCACT TOGTGCGCAACGT GCTGGAGEECTCGTACAGCEEGT - 1260

1261 - GGGAGGACGOGCAGG - 1275
G R TRR

Figure. 3 Complimentary neocleotide sequence of scAS6 and its
deduced amino acid sequence. The start and stop codons are shown in
bold letters. Numbers at right and left indicate nucleotide numbers in

the 5'- 3' direction.
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Schss H &0
Urdc H &0
Lan& H &0
Med-ORF18 : =TRLJECE S &0
Gra-orfla : TRLEPET 60
MtmD H &0
=]
schs6 H 1z0
Urde H 1zo
LanG : 1z0
M=d-ORF18 : 1z0o
Gra-orfléa : 1izo
MtmD H 1z0
BGDGS [=1=} ﬁTyﬁ o] P GLAH W Bar S5LgDdDEWVMYLGDN E
*
Schse : BrarEe 180
Urdc : ITHRPEAGG 1s0
LanG : aTA =) ) 180
Med-ORF18 : EHTARJFBPDEL) 3 1l&0
Gra-crfla : EWRDEJES ) 180
MtmD 1 GRADEPDLREGHRET J 1s0
£ r a 666 kv DP S5E6AEL & W rLvEKP P48DAAGECVYEFT atH
schs6 H 240
Urde H 240
LanG : z40
M=d-ORF18 : 240
Gra-orfléa : 240
MtmD H 240
Schss H 300
Urdc H 300
Lan& H 300
Med-ORF18 : 300
Gra-orfla : 300
MtmD H 300
s 6 Gp 66Gas V6 85 6GP
* 320 * 340 *

schs6 H s : 356

Urde H S @ 355

LanG : 2 355

Mad-ORF18 : : 354

Gra-orfléa : 353

MtmD H : 355

S6IGR=a WV RLESGDHB 26 a

Figure. 4 Multiple sequence alignments of the SchS6 with known
glucose—-1-phosphate thymidyltransferases from databank (NCBI).
UrdG from S. fradiae (AF164960), LanG from S. cyanogenus
(AF080235), Med-ORF1-30 from S. sp. AM-7161 (AB103463),
Gra-orfl6 from S. violaceoruber Tu22 (AJ011500) and MtmD from S.
argillaceus (Y10907). The TTP binding Ndomain GGXGXR and central

glucose—-1-phospahe binding site EKP are enclosed into boxes.
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Table 1.

Purification scheme for glucose—1-phosphate

thymidylyltransferase from Streptomyces sp. SCC-2136

Total Total Specific N
Purification protein activity activity \?;I)d Pur(':gfj;m
(mg) (Units)  (Units/mg) 2
Crude extract  3532.5 59390 17 100 1
Ammonium
sulfate 1150.4 29333 25 49 15
Ni—affinity 129.8 10397 80.1 17.5 47
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300000 2.0

—@— Protein conc. (280nm)
—O— Enzyme activity (0.5l)

250000 -

200000 -

150000 -

Protein conc. (280nm)

100000 -

Enzyme activity(HPLC Area)

50000 -+

10 15 20 25 30 35 40 45 50

Fraction number

Figure. 5 Ni—affinity column chromatogram of
glucose—-1-phosphate thymidylyltransferase : Pooled enzyme from
ammonium sulfate fractionation step was fractionated on a column

of Ni-Affinity ( 1 x 4 cm )
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97.4kDa

66.2kDa

56kDa

42.7kDa
31.0kDa

21.5kDa

Figure. 6 Purification fractions and molecular weight
determination of the expressed schS6 by SDS-PAGE : Lane 1/6,
SDS-PAGE standard; Lane 2/3, E. coli BL21 (DE3) pSCHS6 strain
(control/induction); Lane 4, Supernatant of whole cell lysate (=cell

free extract); Lane 5, Ni-affinity column chromatography.
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Table 2. Activity of glucose—1-phosphate thymidylyltransferase

with various nucleotides

Relative activity (%)
Nucleotides
2mM 5mM
darTpP 100 100
ATP 79 60
CTP 79 59
GTP 88 56
utP 26 6
dT™MP 102 80
dioP 102 86

*Nuceotides were added to the standard forward reaction mixture
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Table 3. Substrate specificity of glucose—1-phosphate

thymidylyltransferase

Substrate A (2mM) Substrate B (6mM) Relative activity
Forward reaction ATP 0-D-glucose-1-phasphate 0.01
CTP 0-D-glucose-1-phosphate 0012
GIP 0-D-glucose-1-phosphate <0.001
drTP 0-D-glucose-1-phasphate 1
dTTP 0-D-galactose-1-phosphate 01
dTTP 0-D-mannose-1-phosphate on
dTTP 0-D-glucosarmine-1-phosphate 023
UTP 0-D-glucose-1-phosphate 012
UTP 0-D-galactose-1-phosphate <0.001
UtP 0-D-mannose-1-phosphate <0.001
UTP 0-D-glucosamine-1-phosphate 0.08
Reverse reaction ADP-D-glucose Pyrophasphate <0.001
CDP-Dglucase Pyrophosphate <0.001
GDP-D-glucose Pyrophosphate 0.02
dTDP-Dglucose Pyrophosphate 1
UDP-D-glucose Pyrophosphate <0001
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IV. Conclusion

W] pSCHS6S schS6 A Abeh pET32a+E X @3 pPSCC19] PCR product
(oF 1.06kb)2} A F+F3E. Cosmid pSCC1S- deoxysugarE A sH= 9719
ORFs¢} polyketide synthaseE &A3sh= 2 7He] ORFse E=AE &2lslr] 98 A
g3} FQar, dIDP-D-glucose synthaseE D o3}sli= schS62 database=ZHE F
25 opr| A ML HWE F3) clustero] 91X EAl EH A

PAAZE E.coli BL21 (DE3)/pSCHS62] cultivation?} induction ZA¥}=
56.100 Dalton @l &do] AAE AT (Figure. 6). ©] @2 band+ induction A
s 1043 Ao 2 A intensify HATE. 1 FAES SchS6 A ] o
WAk (56,100 Da) 2t A5kt

ey gzl o RRAo g (o 15%) cell lysateolA] 7183 Hojglar,

I..BE
i
AV
_|U:
Y
1o
)
-z

i insoluble formO = FA|gTE. Cell free extractolA] &
d¥ AL ammonium  sulfate fractionation ¥ Ni-affinity column
chromatographyS & 4.7v) AAEUAL 17.5%9] yieldE HJT}. wzae
SDS-PAGE AFoll Al Ex}&F oF 56kDa®] single protein band® YFeERETE,
Glucose-1-phosphate thymidylyltransferase 9] Substrate <} inhibitor
specificitys WS dTTP ¢ a-D-glucose-1-phosphate®] ¥kS-o] 7}4 =
< dA4E YESlaL, substrates UTP/ a-D-glucose-1-phosphate® H-¥ °F 12%
gds BT, GAE dwEe Iukgo| A dIDP-D-glucose <} pyrophosphate”}t

w9~ specific 3}itt.
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