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Abstract

Two tuf genes are present in Streptomyces coelicolor A3(2), which have been cloned and sequenced. These genes show a high
degree of nucleotide sequence identity to the fufl and tuf3 genes of Streptomyces ramocissimus: the tufl genes are 94% identical,
the tuf3 genes 87%. S. coelicolor tufl encodes a protein of 396 amino acids, while fuf3 encodes a protein of 391 amino acids.

Keywords: Elongation factor Tu; Sequence comparison; Gene cloning; (Streptomyces)

One of the most abundant proteins in the bacterial
cytoplasm is the tuf-encoded polypeptide chain elonga-
tion factor Tu (EF-Tu). Two tuf genes occur in Es-
cherichia coli, encoding elongation factors EF-TuA and
EF-TuB which differ only in their C-terminal amino
acid [1,2]. The proteins occur in the bacterial cell in a
1:1 ratio [3], and are functionally indistinguishable.

Recently, we showed that in the kirromycin pro-
ducer Streptomyces ramocissimus three fuf genes oc-
cur, which have been cloned and sequenced [4]. Analy-
sis of these genes revealed that they are unexpectedly
heterogeneous: tufl and tuf2 show 85% nucleotide
sequence identity, whereas fuf3 shows only 70% iden-
tity to tufl and tuf2, which is in striking contrast to the
much higher similarities found among fmuf genes in
other microorganisms [5,6]. EF-Tul has been shown to
be a genuine elongation factor, but no physiological
function could be revealed for the other two putative
elongation factors. Hybridization analysis of other
streptomycetes has shown that Streptomyces coelicolor
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and Streptomyces lividans, genetically the best-charac-
terised streptomycetes, have only two fuf genes.

Cloning of the S. coelicolor tufl and tuf3 genes. S.
coelicolor presumably has two tuf genes, designated
tufl and ruf3 by analogy to their homologues in S.
ramocissimus. From Southern hybridization data it was
concluded that rufl could be cloned as an approx. 4.5
kb BamHI fragment and tuf3 as an approx. 10 kb
BamHI fragment [7]. S. coelicolor M145 total DNA
was digested with BamHI and separated elec-
trophoretically on a 0.7% agarose gel in TAE buffer,
whereupon fragments of the appropriate size were
isolated from the gel.

For tufl, these fragments were subcloned into
BamHI-digested pAT153 [8] and screened by hy-
bridization of the E. coli colonies with the 244 bp
Smal fragment internal to the S. ramocissimus tufl
gene, which encodes most of the GTP-binding region.
One positive signal was obtained, which appeared to
contain a 4.3 kb insert, corresponding to the size ex-
pected on the basis of Southern hybridization data.
This clone, which was designated pASCT1-1, con-
tained the gene homologous to S. ramocissimus tufl, as
shown below.

For cloning of wmf3, fragments were cloned into
pBR329 [9] and plasmid DNA was isolated from 600
colonies in pools of 24. The DNA was digested with



544 G.P. Van Wezel et al. / Biochimica et Biophysica Acta 1219 (1994) 543-547

BamHI, subjected to agarose gel electrophoresis and an unambiguous positive signal was obtained. BamHI
blotted onto a Hybond-N nylon filter. Pools with the digestion proved the DNA to contain a 10.3 kb insert.
correct insert were identified on the basis of hybridiza- The clone was designated pBSCT3-1. It was shown to
tion signals obtained with the 600 bp Sall fragment contain the ruf3 gene, as is demonstrated below.

from S. ramocissimus tuf3. After repeated colony pu- Sequences of the inserts of pASCT1-1 and pBSCT3-1:
rification and screening, one DNA preparation yielding nucleotide and amino acid comparisons. Sequencing of

1 CTCGAGCCGATGATGGCCGTCGAGGTCACCACGCCCGAGGACTACATGGGCGACGTCATCGGCGACATCAACTCC 75
L E P M M AV EV T TP ED Y M G D V I G D I N S

76 CGCCGTGGCCAGATCCAGGCCATGGAGGAGCGGATGGGTGCCCGCGTCGTGAAGGGCCTCGTGCCEGCTGTCGGAG 150
R R G Q I Q A M E E R M G A R V V K G L V P L 5 E

151 ATGTTCGGCTACGTCGGAGACCTCCGCAGCAAGACGTCGGGTCGCGCAAGCTACTCGATGCAGTTCGACTCCTAC 225
M F G Y V6D LR S KT S G RA S Y S M Q F D § Y

226 GCCGAGGTTCCCCGGAACGTCGCCGAGGAGATCATCGCGAAGGCCAAGGGCGAGTAACGGGCTACTCCGTTTAAC 300
A E V P R N V A E E I I A K A K G E *

301 GGACCCCGTTCTCACGCTTTAGGCTTGACCCCGGAGCCTGCATGGGGCATTCCGCCGTGAACCCGGTGGAATGCC 375
376 CCCGGCACCCGGGCTTTCCAGCAAAGATCACCTGGCGCCGATGAGTAAGGCGTACAGAACCACTCCACAGGAGGA 450

451 CCCCAGTGGCGAAGGCGAAGTTCGAGCGGACTAAGCCGCACGTCAACATCGGCACCATCGGTCACATCGACCACG 525
vV A K A XK F ER T K P H V N I G T I G H I D H G

526 GTAAGACGACCCTCACGGCCGCCATTACCAAGGTGCTGCACGACGCGTACCCGGACATCAACGAGGCGTCGGCGT 600
K T T L T A A I T K V L H DAY P D I N E A S A F

601 TCGACCAGATCGACAAGGCTCCCGAAGAGCGCCAGCGCGGTATCACCATCTCGATCGCGCACGTCGAGTACCAGA 675
D ¢ I D K A P E E R @ R G I T I s I A HV E Y QT

676 CCGAGGCGCGTCACTACGCCCACGTCGACTGCCCCGGTCACGCCGACTACATCAAGAACATGATCACGGGTGCCG 750
E A R H Y A HV DOCC?PGHAD Y I KNMTIT G A A

751 CGCAGATGGACGGCGCCATCCTCGTGGTCGCCGCCACCGACGGCCCGATGCCGCAGACCAARGGAGCACGTGCTCC 825
Q M D G A I L VvV VA A T DG P M P Q T K E H V L L

826 TGGCCCGCCAGGTCGGCGTTCCGTACATCGTGGTCGCCCTGAACAAGGCCGACATGGTGGACGACGAGGAGATCC 900
A R Q VGV P Y I V VA LNI KA ATDMYVDDE E I L

901 TGGAGCTCGTCGAGCTCGAGGTGCGTGAGCTCCTCTCCGAGTACGAGTTCCCGGGCGACGACGTTCCCGTCGTCA 975
E L VvV E L E V R E L L S E Y E F P G D D V P V V K

976 AGGTCTCCGCTCTGAAGGCCCTCGAGGGCGACAAGGAGTGGGGCAACTCGGTCCTCGAGCTCATGAAGGCCGTGG 1050
vV S A L K AL E G D K E W G N S VL E L M K A V D

1051 ACGAGGCCATCCCGGAGCCCGAGCGCGACGTCGACAAGCCGTTCCTGATGCCGATCGAGGACGTCTTCACCATCA 1125
E A I P E P E R D VD K P F L M P I EDV F T TIT

1126 CCGGTCGCGGTACGGTCGTCACCGGCCGCATCGAGCGTGGTGTCCTCAAGGTCAACGAGACCGTCGACATCATCG 1200
G R G TV VT GR I ERGV L KVNETV DI I G

1201 GCATCAAGACCGAGAAGACCACCACCACGGTCACCGGCATCGAGATGTTCCGCAAGCTCCTCGACGAGGGCCAGG 1275
I K T E K T T T TV TG I EMT FRIKULILDEG Q A

1276 CCGGTGAGAACGTCGGTCTGCTGCTTCGCGGCATCAAGCGCGAGGACGTCGAGCGCGGCCAGGTCATCATCAAGC 1350
G E NV GL L L R G I K REDUVEURGU QUV I I K P

1351 CGGGCTCGGTCACCCCGCACACCGAGTTCGAGGCCCAGGCCTACATCCTGTCGAAGGACGAGGGTGGCCGTCACA 1425
G S v T P H T E F E A Q A Y I L S K D E G G R H T

1426 CCCCCTTCTTCAACAACTACCGTCCGCAGTTCTACTTCCGTACGACGGACGTGACCGGCGTCGTGACCCTCCCCG 1500
P F F NN Y R P Q F Y FRTTTDV TGV V T L P E

1501 AGGGCACCGAGATGGTCATGCCGGGTGACAACACCGAGATGAAGGTGGAGCTCATCCAGCCCGTCGCCATGGAAG 1575
G T EM V M P G DNTEMI KV ETLTI QP V A M E E

1576 AGGGCCTGAAGTTCGCCATCCGCGAGGGTGGCCGGACCGTGGGCGCCGGCCAGGTCACCAAGATCAACAAGTAAC 1650
G L K F A I R E G GR TV GA G Q VT K I N K *

1651 TCCGCTTGCTTGTCGGTCGACCGACCTGACATGGGCTGATGCCTGAAGGGCCGTACGACTTCGGTCGTACGGGTC 1725
1726 CTTTCGCCATGTGCGGTCGGGTCCAGGCCGCTGAGGAAGTCGCCCTGCCAGAGCGCCGCGGCCGTGCGCAGCCGE 1800

1801 GCCACCGCCTCTTCCCGGCGGTCCTCATGGCCGAGCCGTCTGGCCCCGGCCACGAGGGCGGTGAAGAGTACGGCG 1875

Fig. 1. Nucleotide sequence of tufl and flanking regions, which include the end of the fus gene. The deduced amino acid sequences of both fus
(nt positions 1-282; encoding EF-G) and tuf1 (nt positions 456-1649; encoding EF-Tul) are given below the nucleotide sequence.
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pASCT1-1 resulted in the identification of an ORF of
1194 bp, putatively encoding a 396 amino acid protein
(Fig. 1). Sequencing of pBSCT3-1 identified an ORF
of 1179 bp, corresponding to a protein of 391 amino
acids (Fig. 2). The ORF located on pASCT1-1 is very
similar to S. ramocissimus tufl, and a second ORF is
located upstream of it that very much resembles the S.
ramocissimus fus gene, indicating its probable location
in the so-called S12 operon, a location typical for the
major tuf gene in all microorganisms [10]. Therefore,
the gene was designated rufl. Again on the basis of the
very high similarity to its homologue in S. ramocis-
simus, the ORF identified on pBSCT3-1 was desig-
nated tuf3.

An amino acid alignment of the fuf-gene products

of S. coelicolor, S. ramocissimus and E. coli is shown in
Fig. 3. From this alignment it follows that the fufl and
tuf3 gene products contain the consensus sequences for
GTP binding proteins [11] and show a perfect fit with
the D-loop motif [12]. From alignments of both the
tuf-gene nucleotide sequences and the amino acid se-
quences deduced thereof, identities were calculated
(Table 1). The tufl genes of S. coelicolor and S.
ramocissimus are 94% identical, and the deduced amino
acid sequences of their gene products (designated EF-
Tul) are 96% identical. The fuf3 genes of these organ-
isms are 87% identical, their gene products (designated
EF-Tu3) sharing 91% identical amino acids. The low
similarity of EF-Tu3 to EF-Tul, the major EF-Tu in
Streptomyces, is underlined by the fact that EF-Tu3

1 GGTACCGCTCTCGAACGGCCGTTCCATAAAAAACCATTCGACGTGCGACGAAGCGTCGGCGATGATCTGTCTCAT 75
76 GTTCCGGTACGCCTTCCACCTCGCAGCATCCGCGGTCGCGGATGCCCCGAAGGCTGCCGTCGCCCACTTCACCGC 150
151 CGCAGTCGACGGCGCCCGAAGCTGACCCTCCCCGGATCGTCCGGCGGACCCCGCAGGGGGAGGGTCGGCCGGCCC 225

226 CAGGGGTCCCCACCACCGCCCACGAGGCTTCGAGGTACCGCCATGTCCAAGACGGCGTACGTCCGCACCAAACCG 300
M S K T A Y V R T K P

301 CATCTGAACATCGGCACGATGGGCCATGTCGACCACGGCAAGACCACCCTGACCGCCGCCATCACCAAGGTCCTC 375
H L NI G T MGHV DHGI KT TUL T AA ATITIZ K V L

376 GCCGAGCGCGGGGCCGGCAGCACCACCCAGTACGTTTCGTTCGACCGCATCGACCGCGCCCCGGAGGAGGCGGLG 450
A E R G A G S TT QY VvV s F b R I DRAUPEE A A

451 CGCGGCATCACCATCAACATCGCGCACGTCGAGTACGAAACCGACACCCGGCACTACGCCCACGTCGACATGCCC 525
R G I T I N I A H V E Y ETTUDTIRHY A HV DM P

526 GGCCACGCCGACTACGTCAAGAACATGGTCACCGGCGCCGCCCAGCTCGACGGGGCGATCCTCGTCGTATCCGCG 600
G H A DY V K NMVTGAAOQTULU DG ATIIULUV V S A

601 CTGGACGGGATCATGCCGCAGACCGCCGAACACGTGCTGCTCGCCCGGCAGGTGGGCGTCGACCACATCGTGGTC 675
L p 6 T M P Q TAEHV L L ARQV GV DUHTI VYV

676 GCGCTCAACAAGGCCGACGCGGGTGACGAGGAGCTGACCGACCTGGTCGAGCTGGAGGTGCGCGAACTGCTCACC 750
A L N K A DAGDEEVLTDU LV ETLEVURETLTLT

751 GCGCACGGCTACGGCGGCGACGCCGTGCCCGTCGTACGGGTCTCGGGGCTGAAGGCCCTGGAGGGCGACCCGCGG 825
A H G Y GG DAV PV VRV S GL KAL EGT D P R

826 TGGACGGCCTCCGTCGAGGCGCTGCTCGACGCCGTGGACACGTACGTGCCCATGCCCGAGCGGTACCTGGACGCG 900
w T A S V E AL L DAV DT Y V PMUPEU R Y L D A

901 CCGTTCCTGCTGCCGGTGGAGAACGTGCTCACCATCACCGGCCGCGGCACCGTCGTCACCGGCGCCGTCGAGCCG 975
P F L L PV ENV LTI TGRGTTV V T G A V E P

976 GGCACCGTGCGCGTCGGCGACCGGGTCGAGGTGCTCGGGGCGTCCGTCGAGACGGTCGTCACCGGCCTGGAGACC 1050
G T VvV RV G DRV EVL GA SV ETVVTGULE T

1051 TTCGGCAAGCCGATGGAGGAGGCGCAGGCCGGGGACAACGTGGCGCTGCTGCTGCGCGGGGTCGCCCGCGACACG 1125
F G K P M EEAQAGIDNUVALTLTLW®RGVAIRDT

1126 GTGCGCCGCGGGCAGGTGGTCGCCGCACCCGGCAGCGTCGTCCCCGCGCGGCGTTTCCGGGCCCGGGTGTACGTG 1200
V R R G QQ V V A A P G S VVPAIRI RV FIR R AT RV Y V

1201 CTCTCGGCGCGCGAGGGCGGGCGCTCGACACCGCTCACCACCGGATACCGGCCGCAGTTCTACATCCGCACCGCC 1275
L S A R EGGWRSTU®PULTTGY YR P QF Y I R T A

1276 GACGTGGTCGGCGACGTGGACCTCGGCGAGGAGGCCGTCGCCCGGCCCGGGGACACCGTCACCATGACGGTCGAG 1350
b v vV DV DUL G EEAUV ARUPGT DTV TMT V E

1351 CTGGGACGGGACGTGCCGCTGGAGACGGGGCTCGGCTTCGCGATCCGCGAGGGCGGTCGCACCGTGGGGGCGGGG 1425
L G R DV PLETGILG FATIU®RESGGT RTV G A G

1426 ACCGTGACCGCGGTGGAGTGAGCGCGCCGGGGTGAGTGGGCCGGGCTGAGGGC 1478
T V T A V E *

Fig. 2. Nucleotide sequence of fuf3 and flanking sequences. The deduced amino acids sequence of tuf3 is given below the nucleotide sequence.
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Sc EF-Tul
Sr EF-Tul
Sc EF-Tu3
Sr EF-Tu3
Sr EF-TuZ2
Ec EF-TUuA

Consensus

Sc EF-Tul
Sr EF-Tul
Sc EF-Tu3
Sr EF-Tu3
Sr EF-Tu2
Ec EF-TuA

Consensus

Sc EF-Tul
Sr EF-Tul
Sc EF-Tu3
Sr EF-Tu3
Sr EF-TuZ2
Ec EF-TuA

Consensus

Sc EF-Tul
Sr EF-Tul
Sc EF-Tu3
Sr EF-Tu3
Sr EF-Tul2
Ec EF-TuA

Consensus

Sc EF-Tul
Sr EF-Tul
Sc EF-Tu3
Sr EF-Tu3
Sr EF-Tu2
Ec EF-TuA

consensus

Sc EF-Tul
Sr EF-Tul
Sc EF-Tu3
Sr EF-Tu3
Sr EF-Tuz
Ec EF-TuA

Consensus

Sc EF-Tul
Sr EF-Tul
Sc EF-Tu3
Sr EF-Tu3
Sr EF-TuZ2
Ec EF-TuA

Consensus

Sc EF-Tul
Sr EF-Tul
Sc EF-Tu3
Sr EF-Tu3
Sr EF-Tu2
Ec EF-TuA

Consernsus
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Table 1

Nucleotide sequence identities between the ruf genes of S. coeli-
color, S. ramocissimus and E. coli (above the diagonal) and amino
acid identities between their deduced gene products (below the
diagonal)

Sel S¢3 Sr1 Sr2 Sr3  EcA
Sc tufl, EF-Tul 69 94 84 70 71
Sc tuf3, EF-Tu3 63 69 70 87 61
Sr tufl, EF-Tul 96 63 85 70 71
Sr tuf2, EF-Tu2 89 64 88 70 69
Sr tuf3, EF-Tu3 64 91 65 64 63

Ec tuf4, EF-TuA 75 60 74 72 60

All values are given in percentages. Abbreviations: Sc, S. coelicolor
Sr, S. ramocissimus; and Ec, E. coli. Alignments were done with the
program ‘Gap’ [13].

shows almost as much amino acid identity with E. coli
EF-Tu as with S. coelicolor EF-Tul.

A surprising observation is that the nucleotide se-
quences of tufl and fuf3 are more homologous to each
other than the deduced amino acid sequences (69%
versus 63%), which is also observed for the S. ramocis-
simus tufl and tuf3 genes and their gene products
(Table 1). This is due to nucleotide substitutions in the
tuf3 gene at the first and second codon position rather
than the third (‘wobble’) position, so that many nu-
cleotide substitutions lead to amino acid substitutions.
Still, amino acids in the GTP-binding domains are
conserved, suggesting that the fuf3 gene product also
belongs to the family of GTP-binding proteins.

Since it has been demonstrated for S. ramocissimus
EF-Tul that it functions as an elongation factor [4] we

assume on the basis of the very high similarity of the
proteins that such is also the case for S. coelicolor
EF-Tul and no further investigation to address this
point has been performed. The role of EF-Tu3 is
unclear and is presently being investigated in our labo-
ratory.
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