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The promoter region of the Acinetobacter calcoaceti-
cus encoded trpFB operon was determined and found
to contain dual promoters. The gene expression of
irpFB operon was studied as a function of different
concentrations of tryptophan and general amino acid
starvation. The amounts of mRNA were determined
by primer extensions and the expression of tran-
scriptional and translational lacZ fusions was stud-
ied. The change in the concentration of tryptophan
had no effect on transcription or translation, how-
ever, a general metabolic effect of increased tran-
scription upon the starvation of all amino acids was
detected. It is concluded that frpFB is constitutively
expressed and lacks regulation.

TRYPTOPHAN biosynthesis from chorismate occurs in all
the procaryotes and lower eucaryotes studied so far by
the same five reactions'?. However, the structure and
organization of these genes encoding the respective en-
zymes vary considerably®. A. calcoaceticus contains
seven separate genes encoding the enzymes of trypto-
phan blosynthems These genes are located in three un-
linked clusters®. The nucleotide sequences of trpGDC?,
trpE® and trpFB™® have been reported.

The expression of the tryptophan biosynthetic path-
way 1s repressed in many bacteria studied so far in the
presence of tryptophan. The molecular mechanisms in-
volved 1n this regulation of expression are well known
for E. coli’'® and S. typhimurium''. They involve a
tryptophan dependent repressor—operator interaction'”
and attenuation of transcription’. The latter mechanism
was also found in other enterobacteria’”. Regulation of
the trp operon in B. subtilis does not occur by conven-
tional attenuation, The terminator and antiterminator
structures of mRNA are formed depending upon the
concentration of tryptophan in the medium. This re-
quires the presence of a regulatory mRNA binding pro-
tein encoded by mtr locus'®. A similar mechanism has
also been found for the B. pumilus encoded trp
operon' *'®, In Lactococcus lactis, a similar mechanism
as that of B. subtilis regulation of trp gene expression is
proposed'’. In an archacbacterium, Methanobacterium
thermoautotrophicum Marburg the trp operon is also
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regulated at the transcriptional level involving a re-
pressor °. In Brevibacterium lactofermentum a palin-
dromic sequence In the promoter operator region is
involved in dual repression—stimulation control of ex-
pression of the trp operon'’. While the trp genes dis-
cussed above are contained in single operons, the
regulation of expression of scattered trp genes is less
well understood. In Rhizobium meliloti, of the three
gene clusters only the trpE (G) gene is regulated by
attenuation’’. On the contrary, in Pseudomonas aerugi-
nosa, the trpA and trpB encoding tryptophan synthase,
are simultaneously induced by indole-glycerol phos-
phate. This effect is mediated by an activator of tran-
scription®'. Whereas in P. mendocina and P. marginata,
the trpB and trpA could not be induced by the indole-
glycerol phosphate®®. In Caulobacter crescentus, on the
other hand, trpE and trpFBA genes are constitutively
e'zn:prfcs,sed23 Further, in B. subtilis, an amphibolic trpG
gene 1s not regulated transcriptionally, but, at the level
of translation®

Tryptophan starvation of A. calcoaceticus trp auxo-
trophs resulted 1n increased levels of all biosynthetic
enzymes for this amino acid. The increase was about 5
to 15 fold for the trpGDC and trpE encoded enzymes,
1.5 to 3 told for the trpA and trpB encoded proteins, and
6 fold for trpF encoded protein. Only the trpF gene
product levels were decreased upon the addition of
tryptophan to the medium™*’. A previous report, how-
ever, stated that only the anthranilate synthase levels
encoded by trpE and trpG were affected by the trypto-
phan level while the other enzymes remained same®®.
Acinetobacter 1s found in environments such as soil or
water which are normally subject to considerable varia-
ttons 1n substrate composition and temperature. It has
been assumed that survival in these different environ-
ments required regulation of the metabolism to enable
efficient adjustment to changes®’.

In this article, a report on intensive study of the trpFB
operon expression in dependence of the tryptophan con-
centration in A. calcoaceticus BD413 usting primer ex-
tension analyses to determine the mRNA levels and lacZ
fusions to detect the potential regulatory effects on the
level of transcription and translation s presented.
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Table 1. Bacterial strains and plasmids

Strain or Genotype or
plasmid markers Reference
E. coli
RRI ¥ hrdS20 (r B, mB™), leu 23
ara, proA, thi, lacY, galk,
rpsL 20, xyl, mt!, supE 44
HB 101 same as RRI except rec 38
JA194 trpC 9830 IMB9 r~ m™, leu, thi, trpC (F) Gift of C. Yanofsky
WH202 as RRI except lacX 74, pro* Gift of A. Wissmann
A. calcogceticus
BD4 Wild type 39
BD413 (rpE 27 trpE 4
BD413 1rpB 18 trpB 4
BD413 trpA 23 trpA 4
WH211 BD413 trpE 27" (complemented Gift of G. Weins
by chromosomal DNA from BD4)
Plasmid
pWH1266 ApR, TcR 29
pKOK6 ApR, Km®, CmR®, mob 30
pWH1754 ApR, trpFB 7
pWH1755 ApR, (Deletion of Bss H2 / Sall This work
fragments from pWH1754) |
pWH1756 Ap®, KmR, lacZ (Insertion of This work
Sall fragment from pKOKG6
in pWH1755)
pWH1757 Ap®, lacZ (Insertion of Hind Il This work

fragment from pKOKG6 in pWH1754
after deleting BssH2/Sall fragment

and filling the ends and adding
HindIII linker)

Further, evidence 1s shown for the presence of a weak
promoter, Pgz 1n the promoter region of trpFB. This
weak promoter is functional and more active in E. col:
than in A. calcoaceticus. The results demonstrate that
the trpFB operon ts expressed constitutively under all
conditions tested independent of tryptophan concentra-
tion in the medium.

Materials and methods

Bacterial strains and plasmids

The bacterial strains and plasmids used in this study are
listed in Table 1. E. coli RR1 lacZAM1S5 (ref. 28) and
HB101 were generally used as cloning hosts. A. cal-
coaceticus WH211 was isolated by transformation of
A. calcoaceticus BD413 trpE27 with chromosomal DNA
from A. calcoaceticus BD4 and selection for growth on
minimal medium (Gift from B. Weins). A. calcoaceticus
BD413 trpA 23 (ref. 4) was used for the tryptophan
starvation experiments., The plasmids pWHI1266 and
pWHI1274 were used as cloning vectors for A. cal-
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coaceticus®, pKOK6 was used as source for the lacZ

gfzmeml and pWH1754 (ref. 7) contained trpFB genes.
The plasmid pWHI1756 contains a trpF-lacZ transcrip-
tional fusion. It was obtained from pWH1754 by diges-
tion with BssH2 and Sall, filling the ends with Klenow
DNA polymerase, ligation and transformation to E. coli
HB101. The resulting plasmid was called pWH1755,
prepared, digested with Sal/l and ligated with lacZ con-
taining Sall fragment from pKOK®6. The products were
transformed to A. calcoaceticus WH211 and transfor-
mants selected for ampicillin and kanamycin resistance
and screened for the blue colonies on X-Gal plates.
Candidates were sequenced for their trpF-lacZ fusion.
pWHI1757 contained the trpF-lacZ translational fusion
and was constructed from pWH1754 by digestion with
BssH2 and Sall, filling the protruding ends with Klenow
polymerase, ligation with HindIIl linker followed by
digestion with HindIIl and ligation with lacZ containing
HindIll fragment from pKOK®6. The mixture was trans-
formed to E. coli WH202 (gift from A. Wissman) and
colonies were scored for ampicillin resistance, kanamy-
cin sensitivity and blue colonies on X-Gal plates. The
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Figure 1. Primer extension analysis of the trpFB promoters from A. calcoaceticus. a, The autora-
diograph of the primer extension experiment. Lanes A, G, C and T contain the respective sequencing
reactions obtained with the same primer. Lane 1 contains the primer extension products obtained
from 1.5 pg total RNA prepared from E. coli JA 194 trpC9830 transformed with pWH1754 grown in
minimal medium. Lane 2 shows the primer extension products from 1.5 pg total RNA prepared from
A. calcoaceticus BD413 trpB18 transformed with pWHI1754 grown in minimal medium and lane 3
contains the products of total RNA prepared from A. calcoaceticus WH211 grown in minimal me-
dium without casamino acids. The arrows on the right side indicate the bands which are interpreted
as transcription start sites. b, A sequence interpretation of the experiment. The two promoters Pg) and
Pr2 are shown with their consensus sequences, the vertical arrows represent the location of the primer
extension products and the horizontal arrow shows the start codon of srpF. Furthermore, a palindro-
mic sequence is indicated by the bars below the sequence.

activities were determined as published®'. Preparation
of RNA from Acinetobacter and primer extension
analyses were done as previously described”?.
The sequence of the rpF specific primer was
5'-CATCTTGGGAACGGGTAATACCGC-3" and was
synthesized using an Applied Biosystems DNA syn-
thesizer. All chemicals for DNA synthesis were

obtained from Appliecd Biosystems, Weiterstadt, Ger-

trpF-lacZ translational fusion plasmid was checked by
sequencing.

General methods

All general methods were described previously®’?.

The transformation of A. calcoaceticus was done
as described?”, Minimal medium contained 1 mM

MgSQO,, 0.4% glucose and 0.4% casamino acids in
M9 salts. For some experiments the casamino acids
were omitted as indicated in the text. (-galactosidase
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many. Nucleotide sequencing on double-stranded tem-
plates was done by the dideoxy chain termination
method™,
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Results and discussion

Organization of promoter region of trpFB

The identification and mapping of the main promoter for
the trpFB operon in A. calcoaceticus has been already
described’. Figurel a shows a more detailed analysis of
transcriptional activity in the sequence upstream of
trpFB by primer extension. The plasmid and chromo-
somally encoded RNAs from Acinetobacter yielded a
strong signal, Pg; as described earlier’ and, in addition,
a weak signal, Pg; about 79 nucleotides upstream of it.
The three bands further upstream occurred only in the
plasmid encoded RNA and are, therefore ignored. It is
concluded that a second promoter for the trpFB operon,
which contnibuted about 5-10% of the total activity, is
located upstream of the major promoter. The sequence
interpretation in Figurel b shows the locations of pro-
moters in the upstream sequence of trpFB. The -35 re-
gion of the weak #pFB promoter has the sequence
TTAACT lacking the highly conserved G at position
three of the E. coli promoter consensus sequence™.
Furthermore, 1t shows a spacing of only 14 base pairs
between —335 and -10 regions which is considered unfa-
vourable for promoter activity in E. coli’*. The main
promoter contains a spacing of 19 base pairs which is
also quite unfavourable. And yet, both promoters are
active in E, coli as indicated in Figurel a. In this organ-
ism, the upstream promoter seems to be more active
compared to the main promoter than in Acinetobacter.
However, other known Acinetobacter promoters do not
have these unusual spacings between their —10 and -35
regions™. Further, the trpFB promoter region contained

a putative partially palindromic element reminiscent of
bacterial operators’.

Effect of tryptophan concentration on transcription
of TrpFB

The effects of increasing concentration on transcription
of the trpFB operon in A. calcoaceticus were studied by
primer extension analyses. For that purpose A. cal-
coaceticus WH211 was grown in LB, minimal medium
and minimal medium with various concentrations of
tryptophan until the O.Dgyy was 1.0. Under these condi-
tions, the cells had a doubling time of 40 min in minimal
medium. RNA was isolated from the cells, treated with
RNAase-free DNAase 1 and primer extensions were pet-
formed using 25 pg of RNA. The results are shown in
Figure 2. No large differences in intensities of the sig-
nals were seen, no matter whether the minimal medium
contained O, 2, 5 or 50 pg/ml tryptophan. Even the cells
grown in rich medium gave about the same amount of
tirpFB mRNA. Since the minimal medium contained
casamino acids, which were described to be free of
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Figure 2. Effect of tryptophan in the growth medium on the tran-
scription of trpFB mRNA. The lanes A, G, C and T contain the re-
spective sequencing reactions. Lanes 1 through 6 contain primer
extension products of 25 pug total RNA prepared from A. calcoaceti-
cus WH211 with the trpF specific primer after growth in: Lane [,
LB; lane 2, minimal medium (MM) with 50 pg/ml Trp; lane 3, MM
with 5 pg/ml Trp; lane 4, MM with 2 ug/ml Trp; lane 5, MM without
TRP,; lane 6, MM without casamino acids and Trp.

tryptophan, the amount of trpFB mRNA was also de-
termined without this supplement to be sure of omitting
any trace of the tryptophan. The result was also shown
in Figure 2 and indicated that general amino acid star-
vation resulted in about 2-3 fold higher mRNA levels.
In order to determine whether this was the result of re-
sidual tryptophan in the casamino acids, the trpFB
mRNA of Acinetobacter calcoaceticus WH211 grown in
the absence of casamino acids was quantified as a func-
tion of increasing concentrations of tryptophan. The results
are shown i Figure 3. The amounts of trpFB mRNA do not
depend on the concentration of tryptophan between 0 and
50 pg/ml under these conditions. When compared to the
trpFB mRNA level 1n A. calcoaceticus grown in LB, the
amino acid starvation resulted in a significant increase of
trpF B transcription. Since this was not dependent on tryp-
tophan but rather on general amino acid starvation, it was
interpreted as a result of metabolic regulation®. The primer
extension experiments were repeated using independent

RNA preparations and the results were consistent in all
the cases.

CURRENT SCIENCE, VOL. 74, NO. 8, 25 APRIL 1998



Figure 3. Effect of tryptophan and amino acid starvation on tran-
scription of trpFB. The lanes A, G, C and T contain the respective
sequencing reactions. Lanes 1 through 5 contain primer extension
products obtained from 30 ug total RNA from A. calcoaceticus
WH211 after growth in: Lane 1, minimal medium (MM) without
casamino acids (CAA) and without Trp; lane 2, MM without CAA
plus 2 pg/ml Trp; lane 3, MM without CAA with 5 pg/ml Trp; lane
4, MM without CAA with 50 pg/ml Trp; lane 5, LB.

Finally, the possibility of a ‘hidden regulation’ was
explored, as described for his operon expression in
S. typhimurium™®. In this case a regulation of his operon
expression could only be seen in his auxotrophs under
extreme starvation for histidine. A. calcoaceticus
WH211 and BD413rrpA23 were grown in LB to an
ODgoo of 0.9. The cells were then rapidly chilled in ice-
water, pelleted and one aliquot of cells was used to pre-
pare RNA. The remaining cells were washed in minimal
medium without casamino acids and inoculated in mini-
mal medium wihout casamino acids containing 0, 2, and
50 pg/ml tryptophan, respectively. After shaking for
40 min at 30°C, the cells were harvested and RNA was
prepared and used for primer extension analyses. The
results are shown in Figure 4. Neither the frp prototroph
nor the #rp auxotroph showed any dependence of the
trpFB mRNA amount on the concentration of trypto-
phan. “Therefore, it was concluded that trpFB transcrip-
tion was not affected by tryptophan in the growth
medium. In agreement with the results reported by Cohn
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Figure 4. Effect of tryptophan starvation in a trp auxotroph on
trpFB transcription. The lanes A, G, C and T contain the respective
sequencing reactions. Lanes 1 through 8 contain primer extension
products using a frpF spectfic primer. Lanes 1 through 4 contain the
products of 30 ug total RNA prepared from A. calcoaceticus WH211
grown in LB (lane 1), followed by a shift in minimal medium (MM)
without casamino acids (CAA) (lane 2), in MM without CAA and
2 pg/ml Trp (lane 3), in MM without CAA and 50 pug/ml Trp (lane
4). Lanes 5 through 8 contain the primer extension products obtained
from 30 pg of total RNA prepared from A. calcoaceticus BD413
trpA23 grown under the same conditions, respectively.

lacZ
trpF trpB
Sphl Hind Il Sphl
tfh?-llci-u ATG CGA ACG CGC GTC GAC CTGC CAGC GGG CGCG CTA GAG ACS

Met Arg Thr Arg Val Asp Leu Cin Gly €ly Leu Giu Arg

AA CAG CTATGALC ATG ATT ACG CCA AGC TIT

Lys G)n LeuEnd
MetThe Met Ile The Pro Ser Png

ATG CGA ACG CGC GCA AGE TTT CCG GGG AAT TCA ...lacl

tepP-lact p
Met Arg The Arg Ala Ser Fhe Pro Gly Aan Ser

Figure 5. Genetic structure and nucleotide sequence of trpFB fu-
sions with lacZ. The figure shows the trpFB operon with some re-
striction sites. The location of the lacZ fusion is indicated. The
nucleotide sequence on the bottom show the operon fusion called
trpF-lacZo and the protein fusion called frpF-lacZp.

and Crawford’, the transcription of trpFB seemed to be
somewhat higher in the trp auxotroph, but the regulation
reported by these authors could not be verified here.
However, Twarog et al.”° reported that the levels of trp
enzymes, phosphoribosyl anthranilate isomerase, trypto-
phan synthase encoded by trpF and trpB and trpA re-
spectively, were not affected in the presence of

tryptophan.
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Table 2. P-galactosidase expression from rrpF-lucZ fusions under different growth conditions

A. calcogeeticus

strain Plasmid LB MM/AP
WH2I1 - No -
WH211 pWH1755 No No
WH211 pWH1756 2203 + 21 1651 £ 22
WH211 pPWH 1757 681 + 21 493 + 11
WH211 pWH17587* - 1156 + 44

B-galactosidase activity in Miller units (U)

MMJ/AP MM/AP MM/AP

+2 pg/ml Trp + 5 pg/ml Trp +50 pg/ml Trp
No No No
1616 £ 22 1674 £ 22 1744 £ 23
493 + 11 480+ 11 481+ 9
1298 + 22 1333 + 23 1175 £ 15

U, B-galactostdase activity in Miller units (31) including standard deviation.
*The activity 1s measured in minimal medium without the addition of casamino acids.

AT, Ampiciihin.

Construction and P-galactosidase expression of
trpF-lacZ fusions in Actinetobacter

The transcriptional and translational fusions of trpF to
lacZ were constructed as described earlier. Their genetic
organizations and the nucleotide sequences of their fu-
sions are shown in Figure 5. The trpFB~lacZ transcrip-
tional fusion contained the first five codons of the trpF
reading frame followed by eleven codons created by the
fusion and the stop codon TGA. The first two nucleo-
tides of the stop codon were part of the lacZ ATG start
codon. The trpF-lacZ translational fusion contained five
trpF codons. Plasmids with these fusions were trans-
formed to A. calcoaceticus WH211, and A. calcoaceti-
cus BD413trpA23. The resulting strains were grown in
‘LB for overnight cultures. Before inoculation, the cells
were pelleted and washed with ice cold minimal medium
to remove the residual traces of tryptophan and resus-
pended in minimal medium. The resultant suspension
was 1noculated into LB, minimal medium containing O,
2, 5 and 50 ug/ml of L-tryptophan. The cells were
grown for an O.Dgo 0.6 and tested for the JB-
galactosidase activities. The results are given in Table 2.
While the A. calcoaceticus strains used here did not
produce any B-galactosidase background activity, all of
the fusions directed the expression of lacZ. The operon
fusion of trpFB to lacZ resulted around 1700 U with and
without the tryptophan in minimal medium; whereas the
protein fusions resulted around 480 U. The transcrip-
tional and translational lacZ fusion assays under similar
conditions differed by a factor around three in all the
tested cases. Upon omitting the casamino acids in the
minimal medium, the protein fusion assays revealed iIn-
creased lacZ expression about 2.5 fold to around
1160 U, however, addition of tryptophan did not show
any regulatory effect, either. Thus, the general metabolic
effect of amino acid starvation’’ was also seen on the
level of lacZ expression, matching the increased tran-
scription of trp mRNA mentioned above. The results
presented here by lacZ assays did not reveal the small
regulation as reported earlier, as the multi copy effect of
plasmids persisted in the test system. It is interesting to
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note that the single copy trpE-lacZ fusion construct
upon integration in chromosome of A. calcoaceticus did
not show any tryptophan-dependent regulation of trpE
gene expression (unpublished results, Diploma thesis by
S. Schmidt, FAU, Erlangen, Germany, 1992). Further, in
the gene regulation of tryptophan biosynthesis, it is the
first gene, trpE which 1s regulated in all the known
cases. Thus, based on the results presented here, trypto-
phan-mediated regulation cannot occur at the levels of
transcription or translation. Even a hidden regulation in
a trp auxotroph cannot be found for A. calcoaceticus
(see Table 2)36. It is therefore concluded that the trpFB
genes are constitutively expressed in this organism. In
the case of Caulobacter crescentus™, trpE and trpFBA
genes were not regulated and it was argued that the natu-
ral habitats of that strain were usually poor in amino
acid supply, and regulation of expression of genes for
amino acid biosynthests would be wasteful. And the
same argument could certainly hold true for A. cal-
coaceticus as well.
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The Wadia Institute of Himalayan Geology i1s organizing this Group

Discussion in collaboration with the Department of Applied Geology,

Dibrugarh University. It includes two days’ deliberations at Di-
brugarh University, followed by two days field excursion along the

Brahmaputra Valley.

Contact:

Dr Trilochan Singh

Convenor

Wadia Institute of Himalayan Geology
33, General Mahadeo Singh Road
Dehradun 248 00|

Fax: 135-625212

Tel: 0135-624806, 623109, 627387
E-mail: wihg@giasdi.01.vsnl.net.1n
Gram: HIMGEQLOGY
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Tenth International Conference on Rapidly Quenched and Me-
tastable Materials

Date: 23-27 August 1999
Place: Bangalore

The topics include: Materials preparation, Phase stability, Cluster
structure and evolution, Undercooling, Nanochemistry, Properties
(Mechanical, electrical, magnetic, chemical), Quasterystals, High
strength low density alloys

Contact: K. Chattopadhyay or S. Ranganathan
Department of Metallurgy

Indian Institute of Science
Bangalore 560 012

Fax: 91-80-331-2991

Tel: 91-80-309-2678

E-mail: rqlen@metalrg.iisc.ernet,in

thY)



