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ABSTRACT

The nucleotide sequence of the E. coli glnALG operon has been determined.

The glnL (ntrB) and glnG (ntrC) genes present a high homology, at the
nucleotide and aminoacid levels, with the corresponding genes of Klebsiella
pneumoniae (1, 2). The predicted sminoacid sequence for glutamine synthetase
allowed us to locate some of the enzyme domains. The structure of this
operon is discussed.

INTRODUCTION

Escherichia coli and other enteric bacteria are able to respond to
nitrogen limitation by means of a complex global control system. The genes
and operons subject to nitrogen control encode proteins that permit the

utilization of various alternative nitrogen sources when ammonia is lacking
in the growth medium (reviewed in refs. 3-5). Among the nitrogen-regulated
(Ntr) operons is the complex glnALG operon, which contains glnA, the
structural gene for glutamine synthetase, the primary ammonia assimilating
enzyme, as well as two nitrogen regulation genes, glnl (ntrB) and glaG (ntrC)
(6-11). Other nitrogen-regulated genetic systems include eminoacid transport
components, degradative enzymes and nitrogenase with its associated factors
(3,5).

The activation of transcription of Ntr (nitrogen regulated) genes during
growth in a nitrogen-deficient medium requires the products of glnf (ﬂﬁiﬂ or
rogN), an RNA polymerase sigma subunit (6 °%) and of ginG (atrC) (12, 13).

The expression of the glnALG nﬁerun is regulated by the.gggg_pruduct
(NRI) at three promoters: two located upstream of glnA (glnAp1 and glnAp2)
and a third one localized upstream of glnl (glalp) (9,14-19). Initiation of
transcription at glnAp1 is stimulated by the catabolite activator protein
(CAP) charged with cyelic AMP and it is repressed by NRI (18, unpublished
results). Transcription from glnAp1 and glnlp occurs when cells are growing
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under conditions of carbon deficiency and nitrogen excess, apparently, to
maintain basal intracellular concentrations of glutamine synthetase (GS), of
NRI and of the glnl product (NRI]? (13,14,16,18, unpublished results).

Transcription initiated at glnlp is alsp subject to repression by NRI
(13,20,21). Nitrogen deprivation conditions result in high intracellular
levels of GS; in this case transcription starts from glnAp2, which requires
o®and NRy (12,13,22).

It has been proposed that nitrogen excess converts NRI to a form unable
of activating transcription. The interconversion of the active and inactive
NR:[farms is greatly stimulated by NRII, which in turn receives an accurate
assesment of the availability of cellular nitrogen from the products of 9inB
(PII) and glnD (UTase) (8,18,20,23). Recently, it has been shown that the

conversion of NR_. to a form capable of activating the initiation of

I

transcription at glnAp2 involves the NR__-catalyzed phosphorylation of NR

II
(37). Furthermore, it has been suggested that NR

I
can be converted by PII

to an NRI-phnsphate phosphatase (37). These two égIIactivities suggest the
functioning of a cyclic cascade system responsible for the regulation of the
GS synthesis in response to the nitrogen availability.

In this paper we report the complete nucleotide sequence of the E. coli
glnALG operon (4320 bp). The nucleotide sequence of DNA fragments containing
the glnA and glnl regulatory regions have already been reported (16,25,26).
In this work we determined the sequence of 3488 bp needed to complete the
entire operon. Analysis of our data show that the glnL and glnG products
(NRII and NRI’ respectively) from E. coli are highly homologous to those from
K. pneumoniae (1,2). e alsp report the amino acid sequence of the enzyme
glutamine synthetase as deduced from the nucleotide sequence obtained.

METHODS AND MATERIALS
Cloning and DNA sequence

DNA’s carrying glnA, glnL or glnG sequences were derived mostly from

plasmid pACR34 (25). Part of the glg&_gene sequence was derived from plasmid
pACR3 (25).

Restriction and DNA-modifying enzymes were obtained from commercial
sources and used according to the manufacturers” instructions or as
described by Maniatis et. al. (27).

Dideoxy sequencing reactions were carried out as described (28,29) using
clones prepared in M13mp18 and M13mp19 vectors (30). 3 55-dATP or 32P-dCTP
were used as the labelled nucleotides.
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The DNA sequencing strategy to complete the nucleotide sequence of the
glnALG operon was as follow: the 276 bp EcoRI-EcoRI and the 698 bp EcoRI-
BamHI fragments which are included in the glnA gene were cloned into M13
vectors to be sequenced in both orientations. The results obtained were
confirmed by sequencing both chains of fragments EcoRI-BglII (317 bp), Bglll-
BamHI (376 bp) and the junction at the EcoRI sites. M13 derivatives
containing the 477 bp Clal-Sall fragment and the 2260 bp SalI-PstI fragment
were used to obtain the glnl and glnG nucleotide sequences. The Clal-Sall
fragment was sequenced in both orientations and the information obtained was
confirmed by sequencing Hpall subclones from this DNA fragment (the Hpall
sites used are located at positions 298 and 528 in Fig. 3). Most of the
nucleotide sequence of the Sall-PstI fragment (2260 bp) was obtained using
synthetic oligonucleotides, ®2p_1abelled at their 5’-end, as primers for the
sequencing reaction. The primers used allowed us to sequence both chains of
this 8all-PstI fragment. M13 clones containing the Clal and Sall sites at
positions 67 (Fig. 3) and 544 (Fig. 3) were used to confirm the sequence at
the corresponding junctions.

RESULTS
Sequence of glnA

The physical map of the glnALG operon previously obtained in this
laboratory, was used as a basis for the seguencing strategy which is shown in

Fig. 1.
glnA ginl, ginG
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Fig. 1. The physical and genetic map of the E. coli complex glnALG operon.
The precise location of some restriction siteS 1s indicated.” The hatched
arrows indicate the localization, extension and direction of transcription of
the genes forming this operon. The M13 clones used for sequencing are shouwn
below the restriction map. The arrowheads indicate the sequencing direction.
The small lines above the SalI-PstI M13 clones indicate the localization of
the synthetic oligonucleotides used as primers in the sequencing reaction.
R=EcoRI, B=BamHI, Ba=Ball, Bg=BglII, C=Clal, H=HincII, S5=Smal, P=PstI,
Pv=PvuII, Hp=HpaIl.
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-26 carsaccmchnmmmmrmmmrmmtmmmrmnmmnwceclrmc
1 HNSAEHVLTNLNEHEVKFUDLRFT

70 GATACTARAGGTRARGARCAGCACGTCACTATCCCTBCTCATCAGGTGARTGCTGART TCTTCGANGAAGGCARRATETTTGACGGCTCCTCOAT
24 O TKGKEQHUTIPAHQUNAEFFEEGKNTFDGS S I

165 TG6CGGCTGOARMGGCATTRACGAGTCCEACATGGTGCTGATGCCAGACGCATCCACCGCAGTGATTGACCCGTTCTTCGCCGACTCCACCCTGA
5 66 ¥ KGINESDHNUYULNPDASTAVIDPFFADSTL

260 TTATCCGTTGCOACATCCTTOAACCTGECACCCTGCANGBCTATGRCCETGACCCGLGCTCCATT6CEARGCECECCARBATTACCTGCETTCE
& 1T RCODILEPGTLOQGYDRDPRSIAKRAEDYLRS

355 ACTGGCATTGCCOACACCGTACTGTTCOGGCCAGARCCTGAATTCTTCCTGTTCOATGACATCCOTTTCOGATCATCTATCTCOGGTTCCCACET
119 T 61 ADTVULFGPEPEFFLFODIRFGSSISGESHVY

450 TBCTATCOACGATATCBAMGECBCATOOACTCCTCOACCCAATACGANGSTOGTARCARAGSTCACCGTCLGOCAGTGARAGGCEGTTACTTCE
51 #1001 EGAVUNSSTQYEGGHKGHRPAUEKGGYF

45 cesnccacmmucmeecrmmmrrcrmrsmcmmrmmtmmmmnsmccn'rcaccuccm
182 PUPPUDSAHAQDIRSENCLUMNEQNGLUVUVEAHHEHWE

640 GTAGCGACTGCTGGTCAGRACGARGTEECTACCCOCTTCARTATCATOACCARAARRGLTOACGARATTCAGATCTACARATATETTGTBCACAR
A4 VAT AGANEVATRFNINTKXKADEIQIVYKYVUUHN

735 COTAGTCCOCAACCECTTCOGTARRACCECOACCTTTATGCCARARCCOATGT TCOGTGATARCGGCTCCEBTATGACTELCACATGTCTETGT
46 UVURMNRFGKTATFNPKPMNFGDNGSGMNHCHMNSL

830 CTAAMAACGECGTTARCCTGTTCECAGGLGACARATACGCAGETCTETCTOABCAGBCECTETACTRCATTGECGECETARTCARRCAGLCTARA
27 SKNGUNLFAGDKYAGLSEQALYVYIGGVUVIKEQEPK

925 GCGATTAACGCCCTOGCARACCCGACCACCARCTCTTATARGCETCTGGTCCCGGGCTATGAAGCACCGETRATGCTGGCTTACTCTGCOCGTAR
9 AT NALANPTTNSYKRLUPGYEAPUNLAYSARN

1020 CCOTTCTGCOTCTATCCOTATTCCGETEOTTTCTTCTCCGARAGCACETCETATCOARGTACGTTTCCCGOATCCGECAGCTARCCCETACCTET
341 RSASIRIPUVUSSPKARRIEUVRFPOPAANPYL

1115 GCTTTGCTGCCCTGCTGATEGCCOGTCTTGATGOTATCAAGARCARGATCCATCCGEECERAGCCATGEACARARACCTGTATGACCTECCHCCA
372 CFﬁﬁLLNnGLDGIKHKlHPGEﬁNDKHL@DLPP

1210 WMTMMWWICTCTWTWTWTCIWWHOCTWT&MT
404 EEAKETPQUVAGSLEEALNELDLDRETFLEKAGEGU

1305 strcucmcmmlmmcermrcecrcrmtmtmmmmmm}cmmmhrm:m
43 FTDEAIDAYIALRREEDDRVRMNTPHPUVEFEL

1480 MTWTCIWYG"IIMI’TGCCGTM"TTCGCCTGICTCimCIéGGﬁTCGGTG&CMGCRCM&WCGMT&M
6 Y YS U X

1493 mm:srcrmwmrmmmremrmmmrmtmrctmtmrnsrmcrﬁrcmmg;_q
159 CATCTCTGCATGGGLTTTTTTCTCCGTCARTTCTC

Fig. 2. The nucleotide sequence of the E. coli glnA gene. The initiation
codon is in agreement with the reported GS N-terminal aminopacid sequence
(31). The wavy line indicates the possible SD sequence. The circled tyrosyl
residue is the one to which AMP is covalently bound (31,32). The squared
aminpacid sequence corresponds to the peptide containing the oxidizable
histidine of GS (33). The underlined sequence downstream the stop codon
corresponds to a potential transcription termination signal.
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-74 TGATGCTTCGCGCTTTTTATCCGTRMAAGCTATARTGCACTARAATOGTGCARCCTET TCREGNSACTOLTTT

1 ATGGCAACAGGCACGCAGCCCOATGLTGOGCAGATCCTCARCTCOCTGATTARCAGTATTTTGT TAATCGATGA
I NATGTOQPDAGOQILMNSLINSILLEDD

75 CARCCTGGCOATCCATTACGCCARCCCTGLCGCOCARCARCTBCTCECCCARABCTCCCGCARATTGTTTGETA
% NLAITHYAKNPAAQRQOALLAQGSSRKLEFG

149 CACCGTTACCGGAACTGTTGAGCTACT TCTCATTAAATATCOAGC TGATGCAAGARAGTCTGGAGGCGGGGCAR
% TPLPELLSYFSLNIELNQESLEGRSMGD®E

223 GOTTTTACCOATARCGAABTGACGCTEGTCATCOACEE6C6CTCECATATCCTTTCTGTBACEECCCABCOTAT
7 GFTONEVTLVIDODGERSHILSUVUTAQGRY

29 mncmmmcmcrmvmm&nrmtmmcecnmrcmacmmcm
100 PODGHILLENAPNDNQRRLSOQEQLOG®

371 RCGCCCABCAGETTBCTGCCCOTGATTTAGTECGCEGCCTEGLACATEAGATTARARATCCOCTTGECEETTTA
14 HAQQVUAARDLURGLAHETIKNPLGGL

445 COTG6COCOGCOCABCTECTCAGCAARGCOTTACCTGACCCATCACTACTCOAATATACCARRGTGATTATCGA
149 R6AAQLLSKALPDPSLLEYTKVIIE

519 ACAGBCBGACCOGCTGCOARRTCTOETCEACCETCTGTTE666CCOCABCTOCCCETACGLGCETTACCGARA
74 QADRLRNLVUVDRLLGEPQLPGIRVTE

593 GTATTCACAAAGTGECTGARCECGTEGTARCOCTOETGTCATGEARCTGCCOEACARCETCGGT TEATTCET
198 STHXKVAERVVILYSHNELPDNUVRLIR

667  GATTACGATCCCAGCCTACCGGARCTOEGCOCACGACCCOGATCARATTGAACASGTCTTGCTGARTATTETGLE
23 dpYOPSLPELANHODPODOQIEQULLNTIUR

741 CARTGCGCTACAGGCGCTGOGECCEGARGOCGETCARATCATTCTGCETACCCGLACCOLOTTTCARCTOACCT
48 NALOALGPEGGEIILRTRTAFOQLT

815 TACACGGCBAGCECTACCOBCTEEC6CEC66ATTGATETEEARBATAACEGECCEEGCATTCCELCTCATTTE
2 LHGERYRLAARIDVEDNGPGIPPHL

889 CAGBATACGCTGTTTTACCCGATGGTCAGCOGCCOCANGETGECACCEEECTTERCTTATCCATCGCTCOTAR
29 QDT LFVYPHNUVUSGREGGTG6LGILSTIARN
963  TTTGATTGATCAGCATT TTGAATTTACCAGTTOGCCABEGCATACCHAGTTCTCOGTTTACCTEL
2 L IDQHSE LEFTSVUPOGHTEFSUYL

1037  CTATCAGGARATAA
6 P I R K ¥

Fig. 3. The nucleotide sequence of the E. coli glnlL gene. The wavy line
indicates the possible SD sequence. The underlined aminpacids corresponds to
those which are not homologous to the K. pneumoniae sequence. Numbers at the
far left of the figure correspond to the positions of the nucleotides (up)
and aminoacid residues (down). The sguared aminpacid residues correspond to
the glycine-rich region and the lysine highly conserved in all kinases
described until now. The nucleotide sequence in this figure is contiguous to
that shown in Fig. 2.
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-1 mcsnmmmmmmmrmmrmmmcarccsmoemrmmcocrcmmmnm
1 WORG6ITVVYVYDDDSSIRUVLERAMALAGAHAGL

86 CCIMMIGM:GIUWWTMTGWTWMCCMTGWCTGCUTCﬁGATMCCGMTGCCGGMWG
29 ICITFEHGQEULEQL&QKIPOULI.SDIRI!PGH

182 ucwecrsecscmcrcmcmnmmmccmmmceermwmmcscmnccwcrmmrmvm
66 D6 LALLKQIKQ@RHPNLPVUVIINTAHBSDLDAAYS

278 CCTATCAACARGBBSCOTTTGATTATCTGCCCARACCGTTTGATATCOACGARGCABTGECECTGETTGAGCGCGCTATCAGTCATTACCAGGAAC
9B AYQQEG6GAFODYLPKPFODIDEAVALUVERRAISHYQE

374 AGCAGCAGCCOCGTAATGTTCAGCTTRACGGCCCAACGACCGATATCATCOCORAGCCAGCCATOCAGGACGTGT TCCGTATTATCOGTCEGCTTT
125 00 e PRNYAGLNGBPTIDITAKPANQDVUVFRIIGRL

a7 cocsrrcncmmcemmmmmmrmmtmmmrm'meccm&meccmfﬂccecm&cm
15 §RSSITSVLINGESGTGEKELVARALHRHNSPRAK

566 CGCCG"IMCGCGCTGMI'MGGC%CIMCMMI"GMCGMTCWIGYH’mﬁc&m&"IMIWGMM
189 APFIALNNAATITPKDLIESELFGHEKEGAFTGAN

662  CCATTCGTCAGGGGCOTTTTGARCAGOCCOATGECO6TACATTATTCCTCGACGARATTO6TEATATOCCECTEEATETGCABRCECETTTELTGL
21 TIRQAGRFEQADOGGETLFLDODEIGODNPLOVETRLL

758  GCGTGCTGGCAGACGETCAGTTTTACCOCGT TGECE6CTATBCGCCHETCAANGTGEATOTGLOGATTATCGCTGCCACTCACCAGAATCTCGANC
%3 RYLADGQFYRUVGOGYAPUKUDURITIAATHAQNLE

854  ABCGAGTGCAGBARGETAAGTTCCGTBAGBATCTGTTCCACCGLCTGAACETTATCCGCOTTCATCTGCCGCCGCTOCOCGARCETCEEEARGATA
B85 B RVOAOEGKFREDLFHERLNVIRUVHELPPLRERRED

950 hccccmcfemwccmnmmnsccececmrmmmmnmmrmmmmtcrm
37 T PRLARHFLOQUAARELGVEAKLLHPETERAALT

1046 GICiWCGTGGCC(.%GGCMCGIGCmCIWTWTWTWTMTWWMWUMNCMTNSC
M9 RLAVPGHNVRQELENTCRULTUNAAGQREVLIQDL

1142 ccescoa;\crslnmicmnséemmnmmrmwmrmrrcmcmrmcmm
¥ PEELFESTVAESTSAONGPDSUATLLAGUVADRGSE

1238 mcenccssrmcmmmﬂnccmecmmscmmmnmmmmnmmrmmmrm
443 LR SGHANLLSEAQPELERTLLTTALRHTOGHK

1334 AGGAIGCGOCO0B0LTACTCGOLTER0ECCCACACCCTEACGCETAAGTIRARAGAGCTOBEOATOEAGTGAT TCACAGCTTGTGTGTARGAT
45 QEAARLLGUGRNTLTRKLKELGMEH

1430 TGATTATIGAGCGCAMATTGCTGETATTTTACGCTTTACTOTTCCATAGTTCAGTATGATCTTGCCCGOAMACGEGACAGTCATTATELTESM

Fig. 4. The nucleotide sequence of the E. coli glnG gene. The signs are as
indicated in Fig. 3. The nucleotide sequence in this Figure is contiguous to
that shown in Fig. 3.

The nucleotide sequence containing the glnA and glnl control regions
have already been reported. These sequences include the DNA regions from -26
bp to 130 bp and from 1,096 bp to 1,631 bp at the 5 -end and 3" -end of olnA,
respectively (25,26) (Fig. 2). In this work we added 966 bp to complete the
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Aminoacid residues

or

Fig. 5. Hydropathy profiles of the deduced aminoacid sequences of the E. coli

G5, NR 1 and NRI.

sequence of the glnA gene. The amino acids sequence of the E. coli GS was
deduced. According to this data the E. coli GS monomer is a protein of 470
amino acids with a predicted molecular weight of 52,222 daltons (Fig. 2).
Sequence of glnl and glnG.

The sequence downstream glnA revealed two extensive open-reading frames.
The start codon of the first one is located 284 bp downstream the stop codon
for glnA and it extends 1,050 bp. It encodes a protein of 349 amino acids
with a predicted molecular weight of 38,647 daltons as corresponds to the

glnlL product or NRpq (8) (Fig.3).
The second open-reading frame start is 11 bp downstream of glnl stop
codon and extends 1,408 bp. This encodes for a protein of 468 amino acids
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with a molecular weight of 52,205 (Fig. 4). The predicted molecular weight
for this protein corresponds to that determined for the glnG product or NR[
(8, 20).

The 11 bp region that separates the glnlL and glnG genes does not show
any obvipus transcription termination signals, which confirms that these tuwo

genes are transcribed as a bicistronic message.

DISCUSSION

The DNA sequence obtained for the E. coli glnALG operon indicates that
it pccupies a region of aproximately 4,320 bp, from which 1,414 bp, 1,050 bp
and 1,407 bp correspond to glnA, glnlL and glnG coding regions, respectively.
The deduced molecular weights of 52,222 for GS, 38,647 for NRII and 52,205
for NRI are in close agreement with the estimate of 55,000, 36,000 and

50,000, respectively, derived from the analysis of the polypeptides in SDS-
PAGE electrophoresis (8, 20).

Figure 5 shows the plots of hydropathies of GS, NRI and NRII . The
profiles of these plots do not show long stretches of hydrophobic or
hydrophilic amino acids, as expected for globular-soluble proteins.

The deduced amino acid sequence for GS indicates that this protein is
formed of 470 amino acids with the composition shown in Table 1.

It has been reported that mixed-function oxidation of GS from E. coli
causes loss of catalytic activity. This inactivation correlates with the
loss of one histidine residue per subunit (33). The peptide, MHCHM, which
contains the oxidizable histidine and may form part of one of the well-
studied cation-binding sites of GS, is located from residues 270 to 274 (Fig.
2). The loss of the catalytic activity upon oxidative modification is
probably due to alteration of binding of divalent cations essential for
activity. 0On this basis, it has been proposed that this peptide constitute
part of the active site of the enzyme (33). This proposition is confirmed by
the X-ray crystallography studies made by Almassy et al (38) which identify
the GS active site in the electrodensity map. The distance between this
peptide and the tyrosil residue to which AMP is covalently bound is of 125
amino acids (Fig. 2).This location is in agreement with the X-ray
crystallography data and, as indicated by Almassy et al (38), it explains how
the adenylyl group at Tyr399 could affect the active site by interacting with
N-domain residues, restricting the structure or motion of part of the N-
domain with respect to the C-domain.

The comparison of the predicted amino acid sequences between the
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TABLE 1. AMINOACID COMPOSITION AND CODON USAGE
Amino codon glnA gInL glInG Amino codon glnA glnL glnG
acid acid
F uuu 4 5 10 Y UAU 5 1 3
uuc 19 2 4 UAC 10 6 2
L UUA - 9 6 H CAU 4 6 1
LG 1 8 5 CAC 10 4 4
cul 3 3 8
cuc - 4 5 Q CAA 2 7 6
CUA - 4 2 CAG 9 16 23
CuG 28 25 33
N AAU 2 6 5
1 AUU 12 13 10 RAT 18 8 7
AUC 16 1 13
AUA - - 1 K AAA 19 7 10
AAG 5 0 5
M AUG 7 8 11
D GAU 13 12 17
v GUU 8 3 7 GAC 19 8 8
GUC 4 4 5
GUA 9 1 2 E GAA 29 16 24
GUG 12 10 15 GAG 7 6 10
S ucu 12 1 2 c UGy 1 - 1
uce 12 2 5 UGC 3 - 1
UCA 1 3 3
Uce 2 4 2 W UGG 2 1 7
AGU - 5 4
AGC 1 5 4 R CGU 15 7 15
CGC 9 1 14
[ ccu 4 4 - CGA - 1 3
CccC - 3 3 CGG - 4 5
TCA 6 2 6 AGA - - 1
cCG 14 13 22 AGG - 1 -
T ACU 6 - 3 G GGU 15 6 8
ACC 12 9 9 GGC 19 12 15
ACA - 2 1 GGA 1 - 1
ACG 1 6 1 GGG 1 8 8
A GCU 12 5 8
GCC 9 6 10
GCA 13 2 7
GCG 9 13 24

The underlined codons correspond to rare codons. Aminoacids are
designated according to the one letter code.

Anabaena (34) and E. coli glutamine synthetase indicate that they share an

homology of 53%. This homology increases up to 71% if we consider those
amino acids which are functionally equivalent. The peptide MHCHM as well as
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S330%8 888

Be. 451 BDDIVR!TPIPVBPBUY!V

An. 456 VIQIOI.! PIPYIPSI"DV

Fig. 6. Aligmment of the E. coli (Ec.), A. brasilense (Ab.) and Anabaena (An)
GS aminpacid sequence. = identical residues; : functionally egquivalent
residues.

the region around are highly conserved between the GS of Anabaena and E.
coli. Also, the tyrosil residue (Tyr399) which is adenylylated in the E.
cpli GS is found in the Anabaena GS at a similar position. The region
upstream of Tyr399 shows a very high degree of homology (Fig. 6). In the
case of the Azospirillum brasilense GS these regions are also found highly
conserved (42) (Fig 6). Although the MHCHM peptide in the E. coli GS in A.
brasilense has the sequence MHMHQ, the oxidizable histidine residues are

still present. Neither adenylylation nor mixed-function oxidation of GS have
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been shown in A. brasilense; the conservation of the regions involved in
those functions might imply that they in fact take place.

The comparison between the nucleotide seguence of the E. coli and K.
pneumoniae glnl and glnG genes shows 81% and 82% homology, respectively,
indicating that those genes are highly conserved in these organisms. This
homology is higher than that expected according to DNA reasspciation studies
which indicate that the percent relatedness between E. coli and K. pneumoniae

is 30-38% (4LO). The high conservation found for these two genes may be due
to the different domains with very specific functions in both gene-products
(NRII and NR[) (11,18,26,37,39). Alsp a very high homology (93% in both
cases) is found between their amino acid sequences suggesting that these
proteins (NRyand NRII) have identical roles in both organisms. Our
analysis indicates that NRI has a structural domain common to DNA-binding
proteins, localized from residue 444 tp 465 (Fig. 4), as it is the case for
NRI of K. pneumoniae (35) and Bradyrhizobium parasponiae (39). This

pbservation is supported by experimental evidence which shows the ability of
this protein for DNA-binding (18,26,41). 1In a recent work (35,39) it has
been reported that the NRI and NRII proteins of B. parasponiae and K.
pneumoniae share homology with other regulatory proteins. Many of these
proteins function in pairs to regulate gene expression in response to
environmental stimuli such as nutrient limitation (phoR/phoB), altered
osmolarity (envZ/ompR) and plant exudate (virA/virG). As expected, this
homology is alsp found in the E. coli NRI and NRII proteins, between residues
7 and 120 for NR

Although, the analysis of the amino acid sequences of the E. coli and K.

I (Fig. 4) and between residues 86 and 349 for NRII (Fig. 3)

pneumoniae (2) AR p78ls0 shows and extensive homology to the DNA-binding
domains of other site-specific DNA-binding proteins, there is not any
experimental evidence which support these observations. Recently, it has
been shown that NRII controls the activity of NRI by covalent modification.
NRII is and NRI-kinase that can be converted by the glnB product GEI) to an
NRI-phusphate phosphatase (37). It has been observed that all the protein
kinases present a glycine-rich region followed by a lysine residue which may
form part of the ATP binding site (43). UWe have found a region with these
characteristics in the NRII amino acid sequence between residues 306 and 331.
This region is also observed in the C-terminal portion of other gene

products homologous to NR__ which form part of two-component regulatory

IT
systems (39). This opens the question whether protein phosphorylation is a

more common regulation mechanism in bacteria than is recognized at present.
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As other complex operons in E. coli, the glnALG operon is formed by
regulatory (glnL and glnG) and non-regulatory genes (glnA). In order to
ad just the expression of genes in the nitrogen-regulated network the glnALG
operon can be transcribed from two promoters upstream_glﬂﬂ and an internal
promoter which allows the expression of the regulatory genes separately from
8lnA. The levels of the glnL and glnG products are always kept lower than
those of the'glgﬂ product (18, unpublished results). The termination signal
located between_glgﬂ and glnL (16, 26) is a way to keep these levels low when
the three genes are transcribed from the same promoter. The analysis of the
codon usage in the glnA, glnL and glnG coding reading frames indicates that

ginL andlglﬂg containg an unusually large number of rare codons, 26% for glnlL
and 20% for glnG (Table 1). The use of rare codons in these genes may be one
of the mechanisms, at least in some physiological conditions,to mantain their
products at low molar concentration compared with GS. This is in agreement
with the finding that the regulatory genes usually contain higher percentages
of rare codons (24%) than non-regulatory ones (12%) (36).
Special attention is being paid to the glnALG operon due to the major

participation of NRI and NRII
assimilation genes, and to the central role of GS in the nitrogen metabolism.

in ensuring harmonic regulation of nitrogen

The availability of the complete nucleotide sequence of this operon will
help to answer questions concerning the identification of specific domains
in the proteins, their evolution and their relations with other components of
their own and other regulatory networks.
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