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From the plasmid library made from Ssti and Sall-digested genomic DNA of Streptomyces fradiae NRRL
2702, four positive clones were selected using an oligodeoxynucleotide probe from the N-terminal amino
acid sequence of purified threonine dehydratase. The cloned gene for threonine dehydratase was a 2.0 kilo-
base pair DNA fragment. The deduced amino acid sequence of PCR product (PCR245) was matched to that
of the N-terminal part of threonine dehydratase from $. fradiae and this showed a high similarity to the
threonine dehydratases of other organisms. This indicated that amino acid sequences of threonine dehy-
dratases were highly conserved and the polypeptide product of the PCR245 was likely to be involved in the

deamination of threonine.

The biosynthesis of tylosin that is an important 16-
membered macrolide antibiotic produced commer-
cially by Streptomyces fradiae NRRL 2702 (9) was re-
ported to be repressed by ammonium ion (11). Valine
dehydrogenase was repressed by the ammonium ion
in a batch culture (12). Recently, we reported that
both tylosin biosynthesis and threonine dehydratase
(Tdt) synthesis were also repressed by ammonium
ions in batch and continuous cultures (7), and Tdt
was purified and characterized (8). The excess
amount of the ammonium ion could play an im-
portant role in regulating the Tdt gene (tdt) expression,
but this has not been verified yet. As a preliminary
work to elucidate the regulation, we cloned and par-
tially sequenced the tdt gene from S. fradiae.

Escherichia coli DH5a, (13) and JM109 (13), to be
used as a host for plasmid and for M13 DNA sequen-
cing, were grown at 37°C on Luria-Bertani (LB) medi-
um (13). Streptomyces fradiae NRRL 2702 was aero-
bically grown in a seed culture medium (14} and a
synthetic medium (7 and 15). Genomic libraries of S.
fradiae were prepared using pGEM-3zf(-) (Promega).
pCR™ 1I (Invitrogen) was used for inserting PCR pro-
ducts by TA cloning™ and excising them at the FcoRI
site (Invitrogen).

The tdt gene was cloned by hybridization with an
oligodeoxynucleotide constructed on the basis of the
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N-terminal amino acid sequence of the purified
threonine dehydratase (Tdt) from S. fradiae NRRL 2702
(8). Southern blot analysis (15) showed that the 41-
mer oligodeoxynucleotide probe containing inosine (1)
substitutions at especially degenerate codon positions
(10) (5'-GAGGCCACCGGCCCICTIACCACCGAGTCI-
GGCGGCCCIGT-3Y) was hybridized only with the 2.0
kb $s-Sall DNA fragment of the S. fradiae genomic
DNA (lane 2 of Fig. 1). Screening of plasmid DNA iso-
lated from the genomic DNA isolated by method of
Hopwood et af (5) yielded four positive clones (clone
B50, D72, D82, and D210) among 1,000 clones pro-
duced by colony hybridization (4) (Fig. 1). The se-
quence of the cloned DNA (clone D210} was
sequenced using M13mp18 and M13mp19 (16). CO-
DON PREFERENCE analysis (3) showed that there was
no complete open reading frame (ORF) of the cloned
DNA (data not shown). Therefore, we are now con-
firming the sequence and sequencing other cloned
DNA fragments of clone B50, D72, and D82.

At the same time, PCR amplification (6) of the tdt
gene fragments was carried out using consensus se-
quences of PILEUP (3) in Tdts of several other or-
ganisms (Fig. 4) from a search of the GeneBank and
EMBL data bases as of July 1994 with TFASTA (3).
We expected that the size of the PCR product ob-
tained by using primer Pf-1 (5'ATCTACCT(GCO)AAG-
CG(GC)GAGGAC-3', the oligodeoxynucelotide of
consensus residues of I-Y-L-K-R-E-D) and Pb-4 (5'-GT
(CG)CCCTG(CG)CCCGICG)GCGAT(CG)AC-3', the
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oligodeoxynucelotide of those of V-I-A-G-Q-G-T)
could be 363 bp (lane 2 of Fig. 2), that of PCR pro-
duct between primer Pf-2 (5’-GC(GC)GG(GC)AA-
CCACGC(GOICAGGG-3', the oligodeoxynucelotide
of those of A-G-N-H-A-Q-G) and Pb-4 245 bp (lane 3
of Fig. 2), that of PCR product between primer Pf-1
and Pb-3 (5'-CCCTG(CC)GCGTGGTTICGCCICG)CC-
3', the oligodeoxynucelotide of those of G-Q-A-H-N-
G-A) 138 bp (lane 4 of Fig. 2). As shown in Fig. 2, the
245 bp-PCR product (PCR245) showed the same size
as expected but sizes of the other PCR products were
less than the expected values. When the temperature

2,0~

Fig. 1. Southern blot hybridization of S. fradiae genomic
DNA doubly digested with Sst and Sall (lane 2) and
plasmid DNA (doubly digested with Sst and Sall) of
clones obtained by colony hybridization (lane 3, clone B
50; lane 4, clone D72; lane 5, clone D82; lane 6, clone
D210). Lane 1 is the pGEM size marker.

| @245

Fig. 2. PCR amplification of the tdt gene fragments. The
PCR products were separated on a 2% low melting tem-
perature agarose (SeaPlaque).

Lanes; 1, pGEM size marker; 2, PCR product between primer Pf-1
and Pb-4; 3, PCR product between primer Pf-2 and Pb-4; 4, PCR pro-
duct between primer Pf-1 and Pb-3.
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of the PCR reaction was shifted from 42°C to 69°C,
PCR245 was more efficiently amplified. As a result of
sequencing all the PCR products, it was found that
only the PCR245 had proper primers (Pf-2 and Pb-4).
Therefore, PCR245 was considered to be a correct
PCR product. The nucleotide sequence of PCR245 is
shown in Fig. 3. CODON PREFERENCE analysis
showed that PCR245 had a ORF and the charac-
teristic codon usage pattern for Streptomyces DNA (1)
(data not shown). BESTFIT analysis (3) between PCR
245 and each nucleotide sequence of Sttdmrna
(Solanum tubersorum), Tomilv (Lycopersicon es-
cultentum), Styilva (Salmonella typhimurium), Scilvi
(Saccharomyces serevisiae), Bacilva (Bacillus subtilis),
Corilva (Corynebacterium glutamicum), Ecoilva
(Escherichia coli K-12), and Ecotdc (E. coli KL-227)
showed more than 60% identity in the N-terminal
portion of all the eight Tdts (data not shown). There-
fore, it was thought that PCR245 is the N-terminal
portion of tdt gene coding for threonine dehydratase
of S. fradiae. PILEUP comparison of the deduced ami-
no acid sequence of PCR245 with those of the other
Tdts showed that many residues of the PCR245 pro-
duct were the same as the consensus residues of the
other Tdts (Fig. 4). Since some serine dehydratases
such as Yscserthr of yeast were reported to have also
the function of threonine dehydratase (2), three serine
dehydratases (Yscserthr, Humserdhy of human, and
Rnsdh of rat) were compared with the Tdts. it was re-
ported that the homology in the N-terminal portion of
Styilva, Ecoilva, Ecotdc, and Scilv1 indicated that the
N-terminal part was involved in catalysis and the C-
terminal region of Styilva, Ecoilva, and Scilvl was in-
volved in either binding or interaction of the allo-
steric effector isoleucine with the enzyme, or subunit
interactions (2). Therefore, the PCR245 product is
likely to be involved in the deamination of threonine
and may be the presumptive pyridoxal phosphate

i e S o e e o o
GCC GGC AAC CAC GCG CAG GGC GTG GCG CTG GCG GCG AGC AAG CTC GGG 48
A G NHA Q GV A L A A S K L G 16

CTG ACA GCG ACG ATC GTC ATG CCG CGC ACC ACG CCC TCC ATC AAGGTC 96
L T A T I v M P R T T P § 1 K VvV 3

GAG GCG GTG CGC GCG AGA GGC GGC GAT GCC GTG CTC TTC GGC GAC GGC - 144
E AV R A . R G G D A V L F G D G 48

TTC GAC GAC GCG CTG GCG CAT GCG CTC GCC CTC GTC GAA GAG CGC GGC 192
F D P A L A H A L A L V E E R G 64

D S R N S
CTC ACC TTC GTG CCG CCC TAC GAC GAC CCC GAC GTC ATC GCC GGG CAG 240
L T F vV P P Y DD P D VI A G Q 8
e
GGCAC 245
G 81

Fig. 3. Nucleotide sequence of the PCR product (PCR245)
between primer Pf-2 (————) and Pb-4 (———),

The deduced amino acid sequence was shown below the nucleotide
sequence.



Vol. 5, 1995

451 -
pileup. {Humserdhy} = QpsgSFKiRG ighFckrwa.
pileup. {Rnsdh} QpsgSFKiRG ighLckmka. .
pileup. {Yscserthr} QpsaSFKsRG ignLimksai
pileup. {Sttdmrna} ...... vere  esenn PN
pileup. {Tomilv} Qrv£SFKIRG ayansnlsr
pileup.{Pcr245} Cesesames emesenas
pileup. {Styilva} vahSFKlRG ayaMmtglte
pileup.{Scilvl} 1pvfSFKIRG aynMiakldd
pileup. {Bacilva} QvvrSFKIRG ayhkmkqglss
pileup.{Ecotdc} QrtgSFKiRG afnklssltd
pileup. {Corilva} rkvge*wlae rs*vaptfk
plleup {Ecoilva} hsgearrspa saqL*aa.
Consensus Q-—--SFK-RG —-~-————====
501
pileup. {Humserdhy} LGVpA... . tIVv
pileup. {Rnsdh} LGlpA.... . tIVv
pileup. {¥scserthr} Lslpc..... e tvVvv
pileup.{Sttdmrna}l- .......... (..o aeenen
pileup.{Tomilv} LncvA.... . kIvM
pileup.{Pcr245} LGltA..... ...... tIVM
pileup. {Styilva} LGVks..... ...... 1IVM
pileup.{Scilvi} LKIpPA..... ...... tIVM
pileup. {Bacilva} LGIhg..... e....kKIfM
pileup.{Ecotdec} LGIdg..... ...« .. kVVM
pileup. {Corilva} LsVricrmfv ptrsavr*tl
pileup. {Ecoilva} vffcAvrreg pdryanr..
Consensus LG--A----- [T IVM
551
pileup. {Humserdhy} EAfelAkalLa knnpgw....
pileup. {Rnsdh} EAiqglAkaLe knnpgw....
pileup.{Yscserthr} EAdtflktnv mnkidsqvie
.pileup.{Sttdmrna} .......... i..... ‘e
pileup.{Tomilv} EAgthAlelLs ekd..... .G
pileup.{Pcr245}) DAlahAlalLv eer...... G
pileup. {Styilva} EAkakAiela qqg......G
pileup. {Scilvl} EAkaecakla eer...... G
pileup. {Bacilva)  DvyksRaecc eae...... s
pileup.{Ecotdc} Dtiakvseiv eme...... G
pileup. {Corilva} pwafrdasMf lcrlqgsksvt
pileup. {Ecoilva} DrtvtAagvh lgaavrpsdG
Consensus EA-—-~A--Li- —==———c=-
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...kqG..ca

.kgG...ck
riqgkdGkrsp

P N A )

eeldkG

vaee

eqkahG.
sqrngG.
eqtenG.
aekrkG....
rrrhefppsl
rlrthgpdg

s e

PgtTPaltIE
PstTPaltIE
PtaTkkrmVD
PttTPquID
PrtTPsiKVE
PkaTadiKVvD
PvcTPsiKyq
PstTPrgKVs
PkgaPksKVa
ershPkssam

. hrrhgsrpaa

P--TP-~KV-

.VYIPPFDDP
.VYISPFDDP

PiYVhPFDnP .

..... PFDaP
1kYIPPFDDP
1tFVPPYDDP
£tWVPPFDhP
1tnIPPFDhP
rtFIhPFDDP

riFIPPYDDP

‘asWftaesls
deR, . ...
—-YIPPFDDP

.ae

hfVcsSAGNa
hfVesSAGNa
qVfasSgGNa
.VItaSAGNH
+....AGNH
.VItaSAGNH
.VIacSAGNH
.VVcaSAGNH
.VVacSAGNH
hqlhcSialv
rtesarrdhe
-VV--SAGNH

rlkneGa. ..
rlkneGa...
kIrntGa...
aVrang...
avrarGg.

aVrgng...
nvsrlGs...
qVelfGkgfi
atcdysa...
gVslphlqgvt
rlrrrsaapr

~V=—-G-—==

liweGhasiv
lIweGhtslv
dIweGhssmi
gVIkGQGTig
gVIkKGQGTig
dvIAGQG. . .
mVIAGQGTla
yVIAGQGTva
dVmAGQGT1a
kVIAGQGTig
pwwslaiTst
arhAGaGTap
~VIAGQGT~--

500
gmaaAYAarq
gmatAYAarr
gfaaAtAcqr
AQGVALqur
AQGVALAask
AQGVAFssar
AQGVAFAakh
AQGVAFsckh
AQGVsLscam
flrkperkst
fcG*prAgrr
AQGVA-A-——-

550
tckvvGELLD
tVevvGEmLD
qVIvsGayWk
dVVLkatFD
daVLEfGDgFD
eV1lLhGanFD
gVVLyGndFD
dIILtGDLFD
eVVLhGDnFn
mprawpmcas
rel**sEtgs
-VVL-G--FD

600
kElketLw. .
kElketLs. .
dEIvqdLksqg
tEInrqlk..
tEInrgLk. .
lElqu...d
mEIlrgvrta
vEIlndidte
1EImedL...
khrlgrMkmg
agrpsrpric
-El---L---

Fig. 4. PILEUP (3) comparison of the deduced amino acid sequence of the PCR product (PCR245) with those of biosyn-
thetic Tdts (Sttdmrna of Solanum tubersorum, Tomilv of Lycopersicon escultentum, Styilva of Salmoneila typhimurium, Scilv1
of Saccharomyces serevisiae, Bacilva of Bacillus subtilis, Corilva of Corynebacterium glutamicum, and Ecoilva of Escheri-

chia coli K-12), biodegrative Tdt (Ecotdc of E. coli KL-227), and
and Yscserthr of yeast).

serine dehydratase (Humserdhy of human, Rnsdh of rat,

The consensus line was determined with the PRETTY program (3). A capital letter indicates conservative residue in each of the vertical columns.

bindilng site.
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