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Abstract : PCR primers were designed based on consensus sequences of
dTDP-D-glucose 4,6-dehydratase, one of the enzymes involved in the
biosynthesis of deoxysugar. The PCR product (360 bp) was obtained from
Thermus caldophilus GK24. Colony hybridization was carried out to the cosmid
library constructed from 7. caldophilus GK24 genomic DNA by the PCR product
DNA fragment. We isolated a cosmid clone (pSMTC-1) that was subcloned to
call pKCB series plasmid (BamHI fragments), partially sequenced and analyzed.
pKCB80 (4.2 kb;BaInHI DNA fragment) of them showed ORFs that was orfA,
orfB, orfC and orfD. The orfABCD gene cluster is the deosysugar biosynthetic
gene ; orfA (glucose-1-phosphate thymidylytransferase), orfB (dTDP-D-glucose
4,6-dehydratase), orfC (dTDP-4-keto-L-rhamnose reductase) and orfD
(dTDP-4-keto-6-deoxy—-D-glucose 3,5-epimerase). The gene cluster that was
related in biosynthesis of dTDP-L-rhamnose was also identified by computer
analysis, and we proposed that the biosynthetic pathway of deoxysugar analyzed
from DNA sequencing of pKCBB80 is from D-glucose-1-phosphate,
dTDP-D-glucose, dTDP-4-keto—-6-deoxy-D-glucose via dTDP-4-keto-L-rhamno
se to dTDP-L-rhamnose.
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Q1 Glucose-1-phosphateoll 4] dTDP-D-glucose® #A3t®l &, KEY STEPS
dTDP-D-glucose®ll A1 dTDP-4-keto-6-deoxy-D-glucose® A 3=+ #HAHoZ o]
#7382  dTDP-D-glucose 4,6-dehydratase (EC4.2.1.46) o <Ja] 35 o]
deoxyhexose 3 dideoxyhexosee] g4 Ao o skt (figure. 1)°°
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figure. 1 dTDP-D-glucose®]*] dTDP-D-glucosc 4,6-dehydratasecl] 2%+
dTDP-4-keto-6-deoxy-D-glucose2 2] ®¥+-$ |7}y &
a8ln 2 AT =3 FAAY 9dUdF glyconed FA & F dE FIHAY
4-keto-6-deoxy-D-glucose #§Adol #AAHES zt3 Ao, 4 keto-6-deoxy-D-glucose
2RE 7tad F7] Aol o8] tgI deoxysugarE JA T F o, gL
glyconeS §AA3I=d wl$ F83 FHA otk {71 e oA T F
A1 4-keto-6-deoxy-D-glucoseS EAst=d 69412 #Ao] ¥Ry £
3] gt 22y AFA AA-E AXA HAE =2 £ g2 JAHE T ol
de F A’

Materials and methods
Strains and vectors. Escherichia  coli strain< XL1-Blue MRF’

(STRATAGENE, La Jolla, CA. USA) ¢ BL21(DE3) (Stratagene, Heidelberg,
Germany)Z gene cloningg 34l Host cell2 A&t on ujdAldl= LB
medium3® 2xYT medium pH 7.0& A}&35th Thermus caldophilus
GK-24 = A% ¥ 72 (KRIBB-Korea Research Institute of Bioscience and
Biotechnology)ell 31+ Protein Engineering LabollA] g AHZ 4& F U
o}, pOj446 (E. coli-Streptomyces shuttle cosmid ; Eli Lilly Co.), pGEM-7Zf =1
gl pGEM-3Zf (PROMEGA. Inc.)= DNA manipulation®] &4 AF&5HAx
pRSETB(Invirtogen Co), pMAL(Novagen Co), pKKC223- 3(Pharmacia Co.) —Lg] i
pET-32a(Novagen Co.):= gene Expressiondli=d] A5t o]d Restriction
enzyme, T4 DNA ligase 28]3 Wizard miniprep DNA kitZ A}&3}%ch
Polymerase chain reaction (PCR) & Pre-Mix'" kit(Bioneer, Korea) & A}-83}%]
t}. Agarose ¥} low melting agarose(GIBCO BRL Prod.ucts Co.) AM=EF &L 9
3 ARE-H A

Erase—a-base system2 ©]8 3% sequence template A=X. G714 E 2o o]
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€% DNA =3 39 (5 ug/;)ﬂ)%— Erase-a base kitE A}8-3}< templateE 4|3}
i o] & Ecolidl 83 A3} PlasmidE €90] Puull2 ¥H$3le] agarose geloll
A714 &3t #F3AT.

712 A 2 AR ¥4, Templated] =5 10 pg/m=z st F7142 ¥
AL AP TFATL(KRIBB)S FAA Aol aAHF G7INGR-AZRE AHE
3t o]l Folzth BEAHQ @7IMLEe 9ZL Seq-man programES F5ta A A3}
I F7IMEe] A85E vlP2E internet 49 BLASTE ©] &3l Gene Bank’dol
EAstE AL vlu = A

Result and Discussion

L-rhamnose A{A FAAR ZE. PCR @Yoz olul «42jx dTDP-D-glucose
4,6-dehydratase FHAAE2 FAFFEL primer (Dwll (5° to 3’ upstream
primer)5’'-CAC-TTC-GGG-GGC-GAG-TCG-CAC-GT-3’, Dw21 (5’ to 3
upstream primer)5'-TCC-ACG-GAC-GAG-GTC-TAC-GG-3’, Dw32 (5" to 3’
downstream primer)5'-GGG-CCG-TAG-TTG-TTC-GAG-CA-3’') =2 AF3}do
Thermus caldophilus GK24Z template2 DNAE ZZ 39tk £Z3d DNAS AA 5o
Ep-CTPE o] 234 probeE radioactivityS z+#A| 3o}

pKCB80(4.2kb A A GHA)e] {FAA #4]. Colony hybridizationg F3} 2
colonyE LB(apl) 47l 37 C overnight B} %3} plasmidE AU ©)E AT TA
BamHI o2 wgA|Z k. pGEM7(+) cloning vector® <& A|g EAE o] 83l wHS-A)
# o]n] FH|® DNA @8 HZFFEATt ©]ZS E. colidl FAASSA 9719 Zzh o
£ plasmidE @A h.(Table. 1)(figure. 5) 2}z ¥ o] Z plasmidE pKCB10 #E pKCB90 7}
z w3l o]& Automatic sequencerd] <9&F @ dEr7IHME EBEAL 4. olF
dTDP-D-glucose 4,6-dehydratase 7} A Z=3%€ pKCB80 ol £33+ ASS U =3

o] & size
pKCB 90 . 7 kb
pKCB 80 44 kb
pKCB 70 3.5 kb
pKCB 50 2.5 kb
pKCB 40 2.5 kb
pKCB 30 2.1 kb
pKCB 20 ~ 16 kb
pKCB 10 1.2 kb

Table. 1 subclone® ©HI} =7)
GCG programS ©°]83le 4719 orfE FelWm HAEE ZAE 2R ofAc
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glucose-1-phospate thymidylytransferase, orfB= dTDP-D-glucose 4,6-dchydratase orfC
= dTDP-4-keto-L-rhamnose reductase, orfD¥ dTDP-4-keto-6-deoxy-D-glucose 3,5-
epimerase®} FAMES Holte FAAYE EF UUY. DA 2F ofABCSH DE
L-rhamnose ¢ & {22} vl =L FAME S Bolx gt} (figure 2)

Glucose-1-phosphate dTDP-D-glucose
H thymidylyl transferase 4,6-dehydratase CH,
O 0,
OH —_— on °© _— 0="0H
H PO d1Te ™ P TDP
H H OH
dTDP-4-keto-6-deoxy
Glucnse-1-phosphats dTDP-D-glucose -D-glucose
dTDP-4-keto-6-deoxy
-D-glucose 3,5-epimerase
dTDP-4-keto-L-rhamnose o
OH o reductase o CH,
i e CH E TDP
antigen — OH OH
H OH
dTDP-L-rhamnose dTDP-4-keto-L-rhamnose

figure 2. dTDP-L-rhamnose®| 2§ %43 24

avre] AxgE <G pKCB8S A 23 UHA=RE gFd ojxt E&A At #Fodsie
TR} FAME S 7HA e AS Lo

Gene expression. orfA, orfB, orfCe] 2&S 93] PCR primer=S A ZHsld . A 2t
¥ primer2% €& PCR product® 231t}h. Z+zZte] PCR productE 2@ WE (pET
32a)ql A =3t Ecoli BL2I(DE3)el & HIstAoh. %5 ofdl 29
dTDP-D-glucose 4,6-dehydratase gene2 Z}Z} EcoRl 3+ Hindlll siteZ pET 32a¢} A=
Fete] 2AY A=A HA A7) fusion prodeing {3 o]EFH o= <oF 48000Da
o] Yem ZAye}l AX S W FO (figure 3)(figure 4)

pKCBS80 part
orfD orfC orfB orfA
l General PCR
—_— T = EcoRI and HindIII

Double digestion
orfC orfB orfA

Ligation

EcoRI and HindIII
Double digestion

figure 3. 2@ S 93 A= figure 4. TDP-glucose 4,6-dehydratse
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B pKCB30 B pKCB% B B pKCB70 B

S S S s
B PKCB10 B pKCBs0 B pKCB40 B pKCB20 B pKCB60 BB pKCB80 B
S S
T e —— T ) < I D
, orfD orfC orfB orfA
S: Sacl
B : BamHI

figure 5. map of sequence
dAx 2HAH dTDP-D-glucose 4,6-dehydrataser= assay Z°l 29 orfA¢}t orfC
= o 2y FuFel A

FE

o+# A dTDP-D-glucose 4,6-dehydratase®] amino acid ¥ 2 FE primers A
Zste] WAA #F52 Thermus caldophilus GK249) 4 colony hybridization #78-S
A=A dTDP-D-glucose 4,6-dehydrataseE X33} cosmid DNAE 2. A
2248 93] cosmid DNAZ subclone 3t #e =Z7|2 FEsdct =
cosmidE pSMTC-1 ¢ 2 wH93dta pSMTC-12 BamHISZ WHEAl#A BamHI &
H FZ pGEM 7(+)E ©]£3l9 subclone 33t zZHzbe] o|§L =7]o wet
pKCB10(1.2kb-BamH]I), pKCB20(1.6kb-BarnHI), pKCB30(2.1kb-BamHI),
pKCB40(2.5kb-BamHI), pKCB50(2.5kb-BarmHI), pKCB60(2.7kb-BamH]I),
pKCB70(3.4kb-BamHI), pKCB80(4.4kb-BamHI), pKCB90(7.0kb-BamHI) 2.2 H
3t k. Z}zhe] subclone® FAAE £41317] 9135 Erase-a-base W'HS ©]-85t4]
templateE FH|FA L ©o]& AT FA7IAE BA7E o83 A7IMEE EAF
A, F7IMG A A3 pKCB80(4.2kb)oll dTDP-D-glucose synthase(orfA) /%
A2 ¥ £35le] dTDP-D-glucose 4,6-dehydratase(orfB), orfC (dTDP-4-keto-L-rha
mnose reductase) 123 orfD(dTDP-4-keto—6-deoxy-D-glucose 3,5-epimerase)
9} FATSE FAAEC] Aol &2 H U dTDP-L-rhamnosed] AFAR HFAHE 4
A8 5 AR
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