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The noc and occ regions of nopaline and octopine Ti plasmids
in Agrobacterium tumefaciens contain genes for the catabolism
of nopaline and octopine, respectively. We investigated the tran-
scriptional organization and regulation of both regions. The noc
region of pTiC58 contains two nopaline-inducible promoters, and
one octopine-inducible promoter was identified in the occ region
of pTiAch5. All three promoters are positively regulated in trans
by constitutively expressed genes localized at the right end of
the regions. The DNA sequence analysis of these parts revealed

genes coding for related proteins (35.6% identity). The two
polypeptides share significant similarity with a family of other
positive gene regulators, and both contain a protein motif (“LysR”
signature) that is characteristic for the DNA binding domain in
these polypeptides. These proteins are the only Ti plasmid
functions necessary for the activation of the opine-induced
promoters. We propose the names nocR and occR for the
regulator genes in the noc and in the occ regions.

Agrobacterium tumefaciens (Smith and Townsend)
Conn induces neoplastic overgrowths on a large variety
of plants by transfer of a part of the tumor-inducing (Ti)
plasmid DNA into the plant cells (see Ream 1989 for recent
review). Genes in the transferred DNA (T-DNA) are re-
sponsible for the tumorous growth (reviewed in Weiler and
Schréder 1987), and for the synthesis of unusual sugar
and amino acid conjugates, collectively called opines (Petit
et al. 1978). These opines can serve as growth substrates
for the tumor-inducing agrobacteria, and it is thought that
this benefit was the driving force in the evolution of the
interaction with plants (Guyon et al. 1980).

The catabolic functions necessary for converting the
opines into substances of general metabolism are encoded
in the Ti plasmids. They are induced by the opines, and
a specific subset (conjugal opines) also activates the con-
jugative mechanisms that ensure that the majority of the
plant-colonizing agrobacteria contain a copy of the appro-
piate Ti plasmid.

In typical nopaline-type Ti plasmids the catabolic
functions for this opine are located directly to the right
of the T-region, in a stretch of approximately 17 kbp that
is called the noc region (Fig. 1A) (Holsters et al. 1980;
Schardl and Kado 1983; Inzé 1984). The analysis of mutants
also suggested that the region is divided into two parts
that are separated by several kilobase pairs of DNA of
unknown function (Holsters et al. 1980; Inzé 1984). The
left part contains the genes for nopaline oxidase (EC
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1.5.1.19; nox, two proteins) (Sans et al. 1987), arginase
(EC 3.5.3.1; arc), and ornithine cyclodeaminase (EC
4.3.1.12; ocd). The latter two genes and their proteins have
been characterized (Sans et al. 1988; Schrell ez al. 1989).
Nopaline is not a conjugal opine for pTiC58; with this
plasmid this role is performed by agrocinopine (Ellis et al.
1982a, 1982b).

The catabolic functions for octopine (occ region; Fig.
2A) have been located to a stretch of approximately 12
kbp (DeGreve et al. 1981; Knauf and Nester 1982; Stachel
et al. 1985). The region maps between coordinates 33 and
45 kbp on the octopine-type Ti plasmid map, which uses
as reference a T-region Smal site conserved in nopaline-
and octopine-type Ti plasmids (De Vos et al. 1981). The
genes identified so far code for octopine oxidase (cox, two
proteins) (H. Zanker and J. Schréder, unpublished results)
and ornithine cyclodeaminase (ocd) (Farrand and Dessaux
1986; Dessaux et al. 1986; Schindler ez al. 1989). Octopine
is a conjugal opine, because it also induces the zra functions
in octopine-type plasmids.

We investigated opine-inducible promoters and regula-
tory genes in the catabolic regions of the nopaline-type
plasmid pTiC58 and of the octopine-type plasmid pTiAchS.
Two nopaline-induced promoters were identified in the noc
region and one octopine-induced promoter was detected
in the occ region. Both regions contain a gene that positively
regulates the inducible promoters. The regulator proteins
are related to each other and to a family of other positive
regulators.

MATERIALS AND METHODS

Agrobacterial strains and plasmids. Agrobacterium
strain APF2, a plasmid-free derivative of LBA275 (=
C58Cl) has been described (Hynes et al. 1985). Ti plasmid
pGV3850 (Zambryski et al. 1983) is a derivative of the
nopaline plasmid pTiCS8. It contains the complete noc
region, but a part of the T-region is replaced by pBR322.
Plasmid pGV2260 (Deblaere et al. 1985) was derived from



the octopine-type plasmid pTiB6S3. It harbors the complete
occ region, but the T-region and some adjoining sequences
are replaced by pBR322.

Bacteria were grown in YEB liquid medium (0.5% Bacto
beef extract, 0.19% Bacto yeast extract, 0.5% Bacto peptone,
0.5% sucrose, 2 mM MgSO,;, pH 7.2) (Van Larebeke
et al. 1977) at 28° C and with the appropiate antibiotics
(rifampicin, 50 pg/ml; carbenicillin, 50 pg/ml; and tetra-
cycline, 2 ug/ml). For long-term storage, cultures grown
to the stationary phase were mixed with dimethylsulfoxide
(final concentration 3%) and stored at —70° C.

Escherichia coli strains and plasmids. The strains JM109
(Yanisch-Perron et al. 1985) and S17-1 (Simon et al. 1983)
were used routinely. E. coli S17-1 contains the trans-acting
mobilization factors of plasmid RP4 integrated in the chro-
mosome. The subcloning of the Ti plasmid fragments was
performed in the vectors pINIIA3 (Nakamura and Inouyé
1982) and in the pTZ18R/pTZ19R system, which provides
multiple cloning sites in the polylinker (Zagursky and Ber-
man 1984). The molecular techniques have been described
(Maniatis et al. 1982).

Constructions with the broad host range vectors pCB303
and pUCD1002. Plasmid pCB303 has been described
(Schneider and Beck 1987). It contains a small polylinker
(Smal, Xbal, Pstl, Sall, BamHI, and EcoRI), which is
flanked to the right by the reporter gene lacZ and to the
left by phoA. The Ti plasmid fragments were inserted into
the unique cloning sites (Xbal, Pstl, and BamHI). Suitable
restriction sites were usually obtained via intermediate
clones, in which the fragments had been inserted into the
pTZ18R/pTZI9R polylinker. If this was not feasible, the
fragments were excised and inserted blunt-ended after fill-
in of the overhangs. The orientation of the inserts was
determined with asymmetric sites in the cloned fragments
and with help of the flanking restriction sites in the vector.
Plasmid pUCD1002 (Gallie et al. 1985) has been described.
Fragments were cloned into the Asp718 site of the kana-
mycin resistance gene.

Conjugative crosses. Plasmids were conjugated from E.
coli S17-1 into Agrobacterium APF2, C58C1(pGV3850),
or C58C1(pGV2260); the procedures have been described
(Alt-Morbe et al. 1989). The presence of the plasmids was
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Fig. 1. The noc region of nopaline plasmid pTiC58. A, Identified catabolic genes and restriction sites used for construction of the subclones. The
map coordinates refer to the Smal site in the T-region that is conserved in nopaline and octopine Ti plasmids (De Vos et al. 1981). ocd = ornithine
cyclodeaminase; 40k = 40 kDa polypeptide of unknown function; arc = arginase; nox4 and noxB = two proteins necessary for oxidative cleavage
of nopaline (Sans et al. 1987); B = BamHI; E = EcoRl; H = Hindlll; K = Kpnl; P = Pstl; S = Sall; Sm = Smal; X = Xbal. B, Fragments
subcloned in broad host range vector pCB303. The arrowheads (< or >>) indicate the location of the reporter gene lacZ. Plasmid pNOCI106 contains
an EcoRI1/ Xbal fragment in vector pUCD1002 (no reporter gene). C, Positions of the identified promoters with the direction of transcription and

of the regulator gene.
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routinely confirmed by miniscale plasmid isolation from
the Agrobacterium strains, retransformation of E. coli, and
restriction analysis. The promoter analysis was routinely
performed with several independent Agrobacterium col-
onies.

Measurements of opine-inducible promoter activities.
Liquid cultures were grown in YEB medium at 28° C to
0.D.¢po = 0. 4-0. 8 and harvested by centrifugation. After
resuspension to O.D.g = 0.4 in induction medium (2%
sucrose, 20 mM sodium citrate, pH 5.5) without or with
the opines (0.4 mM) the cells were incubated on a rotary
shaker (200 rpm) at 28° C. A pH of 5.5 was chosen because
it approaches the conditions in the close environment of
plant cells. In the studies performed so far, however, no
significant differences were noted when pH 7.0 was used
in the experiments. Detailed kinetics of the time course
of induction showed detectable increases of B-galactosidase
activity after a lag phase of 25-30 min, and the activity
increased for at least 6 hr. Standard experiments were
therefore terminated by harvesting the cells after 6 hr.
The preparation of the extracts and the determination of
B-galactoside activity have been described (Stachel et al.
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Fig. 2. The occ region of octopine plasmid pTiAchS. A, Identified catabolic
functions and restriction sites used for establishment of the subclones.
The map coordinates refer to a Smal site in the T region that is conserved
in nopaline and octopine Ti plasmids (De Vos et al. 1981). ocd = ornithine
cyclodeaminase; ooxA and ooxB = two proteins necessary for oxidative
cleavage of octopine. E = EcoRI; Bg = Bgl/ll; H = Hindlll; P = Pstl;
S = Sall; 2S: two closely spaced Sall sites. B, Fragments subcloned in
pCB303. The arrowheads (< or >) indicate the location of the reporter
gene lacZ. C, Position of the regulator element and of the identified
promoters with the direction of transcription (< or >).
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1985). The units are defined as: 1,000 X O.D.,;,/time (min)
X 0.D.gq of the culture (Schneider and Beck 1987).

DNA sequence analysis. The DNA sequence of the de-
sired fragments was determined by the dideoxy nucleotide
chain termination technique (Sanger et al. 1977, Sanger
and Coulson 1978). The pTZI18R and pTZI9R system
(Zagursky and Berman 1984), helper phage M13K07 (Vieira
and Messing 1987), E. coli strain JM109 (Yanisch-Perron
et al. 1985) (all from Pharmacia, Molecular Biology Di-
vision, Freiburg, Germany), and the reverse-sequencing
primer (Boehringer, Mannheim, Germany) were used rou-
tinely. Suitable plasmids were obtained by subcloning of
DNA fragments; standard molecular techniques were em-
ployed in this work (Maniatis et al. 1982). DNA poly-
merization reactions were performed with [*S]dATP
(>37 TBq/ mmol, Amersham Buchler, Braunschweig, Ger-
many) and modified T7-DNA-polymerase (Sequenase,
United States Biochemical Corporation, Cleveland, OH).
Both strands were fully sequenced with overlapping sub-
clones or with help of synthetic oligonucleotides.

Computer analysis. Standard sequence compilation and
evaluation was performed with published programs
(Kroeger and Kroeger-Block 1984). The alignment of the
sequences was carried out with the ALIGN2 program of
M. Trippel (Infomed GmbH, Freiburg, Germany), which
is based on the algorithm of Needleman and Wunsch (1970)
and the PCGENE software package (IntelliGenetics Inc.,
Mountain View, CA). The FSTPSCN program of
PCGENE was employed for homology searches in the
SWISSPROT database (release 14).

Table 1. Promoter activities of noc region fragments®

Agrobacterium Resident noc Region lacZ Activity
strain plasmid subclones — (nopaline) +
Left part

C58C1 pGV3850 pNOCI110 10 383
APF2 e pNOCI110 12 10
C58Cl1 pGV3850 pNOC108 8 297
APF2 RN pNOC108 5 7
C58Cl1 pGV3850 pNOC109 5 410
APF2 e pNOCI109 17 <1
C58C1 pGV3850 pNOCI120 14 23
APF2 e pNOCI120 22 20
C58Cl1 pGV3850 pNOCI121 10 17
APF2 s pNOCI21 7 7
C58C1 pGV3850 pNOCI122 10 8
APF2 e pNOC122 7 5
C58Cl1 pGV3850 pNOCI23 7 9
APF2 e pNOCI123 8 4
Right part

C58C1 pGV3850 pNOCI105 18 657
APF2 s pNOCI105 18 818
C58C1 pGV3850 pNOCI151 10 9
APF2 pNOCI51 14 13
C58C1 pGV3850 pNOCI131 10 12
APF2 ces pNOCI131 3 6
C58C1 pGV3850 pNOC142 39 47
APF2 .. pNOC142 3 3
C58Cl1 pGV3850 pNOCI150 40 37
APF2 .. pNOCI150 30 33
APF2 pNOC109+pNOC106 26 480
Controls

C58Cl1 pGV3850 pCB303 9 8
APF2 e pCB303 7 16

*The subclones are described in Figure 1B. Induction: 6 hr with 0.4 mM
nopaline.



RESULTS

Promoter analysis of the noc region. All of these experi-
ments were performed in Agrobacterium with fragments
from the noc region of pTiC58. The fragments were cloned
in broad host range vector pCB303, which contains the
reporter gene lacZ, and the activity of B-galactosidase was
taken as measure for promoter activities reading out of
the Ti plasmid fragments. The position of the fragments
in the noc region and the location of the reporter gene
(either to the right or the left of the fragments) are shown
in Figure 1B. The results of the B-galactosidase measure-
ments are summarized in Table 1.

The data obtained from analysis of the left part of the
region with plasmids pNOC110, pNOC108, and pNOC109
in presence of Ti plasmid pGV3850 indicated that the
identified catabolic genes are preceded by a promoter
(Pil[noc]) which is induced by nopaline. The experiment
with pNOCI109 localized it between the EcoRI and the
Kpnl site. The subclones were also tested in absence of
the Ti plasmid, i.e., in strain APF2. Significant activity
was not detected with any of the clones, regardless of
whether nopaline was present or not. This indicated that
the activity of Pil[noc] requires additional function(s) and
that these are encoded on the Ti plasmid. The low activity
in absence of the opine suggested positive control of the
promoter. The experiments with pNOC120, 121, 122, and
123 showed that the left part of the noc region contained
no other promoter with significant induction by nopaline.

The analysis of the right part of the noc region revealed
a second nopaline-induced promoter that also reads left-
wards (Pi2[noc]). It was detected with a Pst1/ Xbal frag-
ment (pNOC105) in the presence of Ti plasmid pGV3850.
Experiments with the same clone in APF2 revealed that
the promoter was also activated by nopaline in the Ti
plasmid-free background (Table 1). This indicated that
pNOCI105 not only contains the promoter, but also all of
the Ti plasmid functions that are necessary for the induction
in Agrobacterium. These functions could include transport
of the opine into the cells and also regulatory elements.
The sequence analysis of the fragment in pNOCI105 (see
below) identified a regulatory gene and a part of a gene
for a polypeptide that may be involved in opine transport.
Other experiments (data not shown) showed that Ti plas-
mid-encoded nopaline transport requires the expression of
at least four different polypeptides, and that the part con-
tained in pNOCI105 is not sufficient. It must therefore be
postulated that nopaline is taken up by other transport
systems in quantities that are sufficient for induction of
the promoter. This notion is supported by uptake studies
with radioactive opines (nopaline and octopine; unpub-
lished results) and by a recent report (Krishnan ez al. 1991).

When the region contained in pNOC105 was shortened
to a Pstl/ HindIII subfragment (pNOCI151), the inducible
activity was lost in both Agrobacterium strains, indicating
that Pi2[noc] extended beyond the HindIII site.

The same Pstl/ Xbal fragment as in pNOC105, but with
the reporter gene at the Xbal site (= pNOC131) possessed
no significant promoter activity. A weak constitutive ac-
tivity (Pc[noc]) was detected when the fragment was short-
ened to an Pstl/Sall subfragment (pNOC142). The data

in Table 1 also suggested that this activity requires the
presence of Ti plasmid pGV3850. A further reduction of
the fragment to the small piece between the PstI and HindIII
sites (pNOC150) revealed a constitutive activity in presence
and in absence of the Ti plasmid. The lack of activity with
pNOCI142 in absence of pGV3850 remains unexplained.
The DNA sequence analysis of this region (see below) shows
that the Sall site is in the coding region of the regulator
protein.

We next investigated whether the regulatory functions
located in the right part of the noc region are also sufficient
to induce the promoter in the left part (Pil[noc] in
pNOCI109). For this purpose, pNOC109 was introduced
into Agrobacterium strain APF2, which already contained
the EcoRI/ Xbal fragment from the right part of the noc
region in vector pUCD1002 (pNOCI106, Fig. 1B). The result
showed that Pil[noc] was now inducible in the presence
of nopaline (Table 1).

Promoter analysis of the occ region. The strategy for
the analysis of the promoter activities was the same as
described above for the noc region. All of the fragments
used in these experiments were from the occ region of
pTiAchS. The position of the fragments and the relative
position of the reporter gene lacZ are shown in Figure
2B. The results are summarized in Table 2.

The experiments with pOCC262, pOCC262AP, pOCC265,
pOCC264, and pOCC263 in presence of octopine plasmid
pGV2260 showed that the right end of the occ region
contains a promoter (Pil[occ]), which reads leftwards and
is induced in presence of octopine. Plasmid pOCC263
defined the position of the promoter in the sequences be-
tween a HindIll and a PstI site. When the same subclones

Table 2. Promoter activities of occ region fragments®

Agrobacterium Resident occ Region lacZ Activity

strain plasmid subclones — (octopine) +
C58Cl1 pGV2260 pOCC262 73 2,840
APF2 ces pOCC262 114 2,283

C58Cl1 pGV2260 pOCC262AP 40 2,287

APF2 e pOCC262AP 64 57

C58Cl pGV2260 pOCC265 32 1,870

APF2 e pOCC265 67 1,861

C58Cl1 pGV2260 pOCC264 42 2,580

APF2 e pOCC264 35 56

C58Cl pGV2260 pOCC263 41 3,200

APF2 . pOCC263 28 27

C58Cl1 pGV2260 pOCC261 40 50
APF2 ... pOCC261 68 44
C58Cl1 pGV2260 pOCC261A 111 92

APF2 e pOCC261A 136 123

C58Cl1 pGV2260 pOCC261B 11 10
APF2 e pOCC261B 12 11

C58Cl1 pGV2260 pOCC261C 45 53

APF2 ... pOCC261C 48 44
C58Cl1 pGV2260 pOCC229 11 15

APF2 .. pOCC229 12 13
C58Cl1 pGV2260 pOCC222 12 14
APF2 e pOCC222 11 12
C58Cl1 pGV2260 pOCC216 23 25

APF2 e pOCC216 27 22
Controls

C58Cl pGV2260 pCB303 8 6
APF2 e pCB303 7 16

*The plasmids are described in Figure 2B. Induction: 6 hr with 0.4 mM
octopine.
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were assayed in the Ti plasmid-free strain APF2, only
pOCC262 and pOCC265 remained inducible by the opine.
This indicated 1) that the HindIIl/Sall subfragment in
pOCC265 not only contained the inducible promoter at
its left side, but also all of the Ti plasmid functions that
are necessary for its activation, and 2) that a further short-
ening of the fragment (pOCC264 and pOCC263) or the

Pst1 deletion (pOCC262AP) destroyed the regulatory
element. The low activity of these subclones in APF2 in
absence of octopine also strongly suggests that the changes
inactivated an activator element, not a repressor.

We also investigated whether the region containing
Pil[occ] and the regulatory functions contained promoter
activities reading rightwards (Table 2, part 2). The results

noc region p————1500 bp occ region
<..--noc2---  ------- nocR------- > e OCCR--=----- >
f T T T T 1 T T L
P H N c S X P E P S
| f > < ) >
> > > ) < ) < -
<ﬁ <—]
|__> I—)
< ) < ) < * —
B * > —>
1 g ] - K -
nocR taaAAGCTTGCCTTCCATATCGCAAGGGCAGTAATAGGCATGCGCCCATGTGTATTTGTTATGGAGAAAGCAATGATTCAATCGCGTCAG

occR JGGTGAGCT TTACATTCGATATGCATTCGGTCAAATTCATAATGACCGGGCAAGAATAAGCAGATGTTATGG- --- TGCGTTTATGAATCTCAGGCAG

101

Nael

nocR TTAGAAGCGTTCCGGGCAGTCATGCTGACAGGAGGTATGACGTCAGCAGCGAATCTGGTGAGGATCACGCAGCCCGCGATCAGCCGGCT&ATCAGGGATC

.........................
.........................

Te o ti s ot o se ssee ess
.......

occR GTCGAGGCGTTCCGGGCAGTCATGCTGACGGGGCAAATGACGGCGGCGGCTGAACTAATGCTGGTGAC'CAGCCGGCCATCAGTCGCCTAATCAAGGACT

201

nocR TCGAAGAGGAAATTGGGATCAGCCTCTTCGAAAGAACGGGCAACCGGTTACGTCCTACGCGGGAGGCCGGTAT TCTGTTCAAGGAAGTGTCGCGACATTT

......
......

occR TTGAACAGGCGACAAAACTGCAGCTCTTCGAGAGGCGTGGGAACCATATTATCCCGACACAGGAGGCAAAGACGCTGTGGAAAGAGGTCGATCGGGCGT'I'

Pstl
301

noc CAACGGGATTCAGCACATCGACAAAGTCGCGGCTGAACTGAAGAAGTCTCATATGf‘GGTCCCTAAGGGTCGCCTGTTATACAGCGCCAGCTCTGAGTTTT

occR CGTCGGGCTTAATCATATAGGCAACCTGGCTGCCGACATCGGCAGGCAGGCAGCGGGGACGCTCCGCATTGCTGCAATGCCTGCTCTGGCAAACGGCCTC

401

nocR ATGTCCGGCGTCATTCAGACGTTCATCGCCGATCGGCCCGACGTGTCGGTCTACCTCGACACAGTTCCTTCCCAGACGGTCCTCGAATTGGTCTCGCTCC

occ TTGCCGCGGTTTCTTGCTCAGTTCATCCGTGACAGACCAAATCTCCAGGTCTCCCTAATGGGACTGCCCTCAAGCATGGTCATGGAAGCCGTTGCGTCCG

501 .Cla
nocR AGCACTACGATCTCGGAAT C

TTGGCTGGCGACTATCCTGGTCTCACCACCGAACCTGTCCCTTCCTTTCGTGCGGTCTGCCTGCTGCCGCCGGG

OccR GCAGGGCCGACATCGGTTATGCCGATGGCCCACAGGAGCGCCAAGGT TTTCTAATCGAAAC .- CCGGTCGCT TCCCGCTGTTGTCGCTGTCCCGATGGG

601

nocR GCATCGTCTCGAAGACAAGGAAACTGTTCATGCGACGGACCTTGAAGGAGAGTCATTGAT TTGCCTCTCTCCAGTGAGCCTTCTACGGATGCAAACGGAC

occR ACATCGACTTGCTGGCCT TGACCGTGTCACGCCACAGGACCTTGCCGGTGAGCGTATTATAAAACAGGAGACTGGCACTCTCTTCGCCATGCGGGTAGAG

701

nocR GCCGCACTGGACAGCTGCGGCGTCCAC- -- TGTAATCGCAGG&TAGAAAGTAGTCTGGCGCTGAATCTCTGCGATCTGGTAAGCAGGGGAATGGGGGTTG

occR GTGGCGATTGGTGGTATTCAACGCCGGCCGTCAATTGAAGTGAGCCTGTCGCATACTGCGCTAAGTCTCGTCCGCGAAGGCGCCGGGATCGCAATTATCG

801 Sall

nocR GTATCGTCGACCCCTTCACTGCCGACTACTACAGTGCAAATCCGGTTATTCAGCGCTCCTTTGATCCGGTTGTCCCCTACCATTTTGCTATAGTTCTTCC

occR ATCCAGCCGCGGCGATCGAGTTCACGGACAGGATCGTACTGCGACCGTTCTCGATCTTCAT TGACGCCGGATTCCTCGAAGTCCGGTCAGCAAT TGGCGC

901

nocR GACCGACAGCCCACCGCCGCGCTTGGTTAGCGAGTTCCGGGCAGCGTTGCTTGATGCTTTGAAAGCCTTGCCCTATGAAACCATTtgaTCGTCAGGATCG

occR TCCCTCAACCATCGTCGATCGTTTCACAACCGAATTCTGGAGGTTTCATGATGACTTGATGAAGCAGAACGGCCTAATGGAGtaaTGCATATTTCGGCAT

EcoRI

Fig. 3. Molecular analysis of the regulator gene regions. A, Sequence strategy. Abbreviations: C = Clal; H = HindIIl; P = Ps/I; E = EcoRI;
S = Sall; X = Xbal; N = Nael. * = Sequences obtained with synthesized oligonucleotides as primers. B, Alignment of the open reading frames
in the regulator gene regions in the noc region (nocR) and in the occ region (occR). Indicated are: the stop codons deﬁnmg the start and end
of the open reading frames (lowercase letters) potential start methionines (W) and some of the restriction sites used in the sequence analysis.

- - - = Gaps introduced for maximizing the alignment.
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revealed no inducible promoter, but significant constitutive
activities with pOCC261A, and these were independent of
Ti plasmid pGV2260. This indicates that the small HindI11/
Pst] contained not only Pil[occ] (reading leftwards) but
also a constitutive promoter reading rightwards (Pc[occ]).

The plasmids pOCC229, pOCC222, and pOCC216 were
used to investigate whether the left part of the occ region
down to the end of the ocd gene contained additional
octopine-induced promoters in the orientation predicted
by the catabolic genes. Table 2 (part 3) shows that in all
cases the activities were very low, regardless of the absence/
presence of pGV2260 or of the opine. However, the frag-
ments used in these experiments were large and did not
cover all of the region, and therefore the presence of other
promoters cannot be excluded at present.

Sequence analysis of the regulator gene regions. The
functional analysis identified regulatory elements in the 1.5-
kbp Pstl/ Xbal fragment (see Fig. 1C) at the right end
of the noc region, and in the 1.6-kbp HindIII/ Sall fragment
(see Fig. 2C) at the right end of the occ region. Both
fragments were sequenced, and Figure 3 summarizes the
sequence strategy and the results.

The noc region fragment contained two large open read-
ing frames (Fig. 3A). Noc2 is located in the left part of
the Pstl/ Xbal fragment. It reads from right to left (with

50
NocR KLAFHIARAVIGMRPCVFVMEKAHlQSROLEAFRAVHLTGGHTSAANL

OccR GELYIRYAFGOIHNDRARlSRCYGAFHNLROVEAFRAVHLTGQHTAAAEL
LysR MAAVNLRHIEIFHAVHTAGSLTEAANL

100
NocR VRITOPAISRLIRDLEEEIGISLFERTGNRLRPTREAGILFKEVSRNFNG

LysR LHTSOPTVSRELARFEKVIGLKLFERVRGRLHPTVQGLRLFEEVORSHVG
I . Ims

150
NocR lOHlDKVAAELKKSH MGSLRVACYTAPALSFHSGVIGTFlADRPDVSVY

OccR LNNIGNLAADIGROA AGTLRIAAMPALANGLLPRFLAOFIRDRPNLOVS
LysR LDRIV SAAESLREFRQGELSIACLPVFSOSFLPOLLOPFLARYPD--VS

200
NocR LDTVP--SOTVLELVSLOHVDLGISILAGDYPGLTTEPVPSFRAVCLLPP

OccR LHGLP--SSHVHEAVASGRADIGYADGPOERQGFLIETR SLPAVVAVPH
LysR LNlVPOESPLLEEULSAORHDLGLTETLMTPAGTERTELLSLDEVCVLPP

NocR  GHRLEDKETVHATDLEGESLICLSPVSLLRMQTDAALDSCGVHCNRRIES
OccR  GHRLAGLORVTPGDLAGER] IKQETGTLFANRVEVAIG- - - -GIGRRPSI
LysR  GHPLAVKKVLTPDDFQGENY1SLSRTDSYRALLOGL F- - TEHQVKRRMIV

. 300
NocR  --SLAL- NLCDLVSRGMGVGlVDPFTADYVSANPVIORSFDPWPYHFAl

OccR EVSLSHTAL SLVREGAGIAIIDPAAAXEFTDR lVLRPFS[FlDAGFLE
LysR E THSAASVCAHVRAGVGISVVNPLTALDYAASGLVVRRFSIAVPFTVSL

- . . 350
NocR  VLPTDSPPPRLV----- SEFRAALLDALKALPYETI*

OceR \'IRSAIGM;STNDR niéﬁunrnoﬁl.ﬁf(ancl.ne*

LysR lRP LHRPSSALVQAFSGHLOAGLPKLVTSLDAlLSSATTA*

Fig. 4. Alignment of NocR with OccR, and of OccR with LysR. Double
dots = sequence identity; dots = conservative exchanges; l = amino
acids corresponding to the LysR signature (underlined in NocR and OccR).

respect to the map in Fig. 3A) and the open reading frame
continues into the PszI fragment to the left (not shown).
The analysis of the predicted polypeptide indicated that
it is related to proteins involved in transport functions in
other bacteria (data not shown).

The DNA sequence of the other open reading frame
was designated nocR (Fig. 3B). The open reading frame
proceeds from left to right; it begins close to the HindIII
site and ends a few base pairs before the Xbal site (not
contained in the sequence of nocR in Fig. 3B). The predicted
amino acid sequence is shown in Figure 4 (NocR). A search
for related sequences in the SWISSPROT library revealed
that the polypeptide shares significant similarity with sev-
eral regulatory proteins, and the polypeptide with the
highest values (LysR) is shown in Figure 4. All of these
polypeptides contain the LysR signature, an amino acid
sequence motif, with some allowed variations, which is
typical for a specific family of positive regulators (Henikoff
et al. 1988). NocR corresponds to the signature in 10 out
of 11 positions (Table 3). The precise start amino acid
of NocR was not determined, but a comparison with the
other regulatory proteins (not shown) and with the corres-
ponding protein from the occ region suggests that the
second or third methionine are likely candidates.

The occ region fragment contained a large open reading
frame; it was designated occR (Fig. 3A). It starts about
200 bp after the HindII1 site and terminates after the EcoRI
site. The DNA sequence has similarities with nocR (Fig.
3B). The predicted amino acid sequence (Fig. 4, OccR)
shares significant similarities with NocR (35.6%) and with
the other proteins listed in Table 3. OccR corresponds in
nine out of 11 positions to the amino acids conserved in
the LysR signature (Table 3). A complete alignment with
NocR and LysR is shown in Figure 4.

Functional exchange of elements from the noc and the
occ region. The sequence analysis indicated that the regu-
lator proteins from the two catabolic regions are related.
We therefore investigated whether NocR (OccR) can acti-

Table 3. Overall similarity (% identity) of NocR and OccR with other
regulatory proteins in bacteria, and comparison with their LysR
signatures?®

NocR OccR LysR signature reference

LysR 32.2 28.0 LTEARHLLHTSQPTVSRELARFEKVI Stragier and Patte (1983)
Trpl 22.9 23.2 ISLAAEELHVTHGAVSRQVRLLEEDL Chang et al. (1989)

AmpR 23.2 21.5 FTKAAIELRVIQAAVSHQVARLEDLL Campbell et al.

(1989)
OxyR 22.3 22.3 FRRAADSCHVSQPTLSGQIRKLEDEL B&dlker and Kahmann (1989)
CysB 22.6 20.4 SSTAEGLYTSQPGISKQVRMLEDELG Ostrowski et al. (1987)
NodD 21.8 22.8 LTAAARSINLSQPAMSAAISRLRDYF Shearman et al. (1986)

IlvY 19.9 19.2 FGRSARAMHVSPSTLSRQIQRLEEDL Wek and Hatfield (1986)

NocR MTSAANLVRITQPAISRLIRDLEEEI
OccR MTAAAELMLVIQPAISRLIKDFEQAT

*Note that the signature does not represent a strict consensus; it allows
variations of the motif without loss of function.
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vate an inducible promoter from the occ region (noc region).
The results are summarized in Table 4. They showed that
OccR (or more precisely, OccR or other protein[s] from
the octopine plasmid pGV2260) did not induce Pil[noc]
from the noc region in presence of octopine, nopaline, or
both. The combination of noc region regulator and in-
ducible promoter from the occ region gave a more complex
picture. These experiments were performed with Ti plasmid
pGV3850 or pNOCI106 as sources of the regulatory protein,
and with two different plasmids containing the inducible
promoter from the occ region. NocR could activate
Pil[occ], but only with nopaline, not with octopine, and
octopine did not reduce the induction significantly when
supplied simultaneously with nopaline. The values were

low when compared with OccR in presence of octopine.

(Table 2), but significantly higher than the controls.

DISCUSSION

Opine inducible promoters. The results indicate two
nopaline-induced promoters in the noc region (Fig. 1C).
The first is located in the left part and governs the expression
of the identified catabolic enzymes. The second was dis-
covered in the right part. It controls the expression of sev-
eral polypeptides, and sequence analyses suggest that at
least some of them are involved in transport functions
(J. von Lintig and J. Schréder, unpublished results;
D. W. R. White, M. Pritchard, and F. Marincs. Genetic
and sequence analysis of Agrobacterium opine catabolism
genes. Fifth International Symposium on the Molecular
Genetics of Plant-Microbe Interactions, poster no. 39).
Only one octopine-induced promoter was identified in the
occ region (Fig. 2C). There is a gap between the promoter
and the genes with identified functions, and sequence data
suggest that this region contains the coding sequences for
four polypeptides that resemble transport proteins in other
gram-negative bacteria (H. Zanker and J. Schrdéder,

Table 4. Exchange of elements from the noc and the occ region®

unpublished results; S. Winans, personal communication).
Additional promoters are not rigorously excluded at
present.

The sum of the results suggests that the main regulation
of the catabolic functions is controlled by these inducible
promoters. This, however, does not exclude more complex
mechanisms of fine tuning. More detailed experiments
analyzing the regulated expression of catabolic enzymes
from the noc region suggest that other factors can modulate
the expression (J. von Lintig and J. Schréder, unpublished
results). Interestingly, the basal and induced promoter ac-
tivities are in general much higher in the occ than in the
noc region (compare Tables 1 and 2). The reasons are not
known. The differences were also observed in APF2, and
therefore they cannot reflect the effects of other genes in
nopaline (pGV3850) or octopine (pGV2260) Ti plasmids.

Regulator proteins. A regulatory gene in the noc region
has been postulated before (Inzé 1984). Our results show
that the noc and the occ regions both code for a protein
that regulates the inducible promoters. The available evi-
dence indicates that these are the only Ti plasmid proteins
that are necessary, and that the regulation is by activation,
not by repression; this follows from the result that the
promoters are silent in the absence of the proteins. The
results could be explained by a model in which a protein/
opine complex interacts directly with the promoters; this
would not exclude additional contributions by chromoso-
mal functions.

The regulator proteins are related, and therefore it was
an interesting question whether they could be exchanged.
This was unsuccessful with the occ regulatory gene, in the
presence of either octopine or nopaline. The roc region
regulator in combination with nopaline but not with
octopine, however, led to a low, but significant induction
of the occ region promoter (Table 4). This was observed
not only in the presence of pGV3850 (which may contain
other genes influencing the regulation), but also with

Agrobacterium lacZ
tumafaciens strain Source of regulator Promoter tested Induction Activity
CS58Cl OccR (pGV2260) Pil[noc] (pNOC109) Octopine 13
Nopaline 11
Both 13
C58Cl NocR (pGV3850) Pil[occ] (pOCC262AP) None 51
Octopine 60
Nopaline 167
Both 166
C58Cl1 NocR (pGV3850) Pil[occ] (pOCC264) None 75
Octopine 80
Nopaline 207
Both 172
APF2 NocR (pNOC106) Pil[occ] (pOCC262AP) None 81
Octopine 75
Nopaline 287
Both 290
APF2 NocR (pNOC106) Pil[occ] (pOCC264) None 80
Otopine 60
Nopaline 161
Both 154
APF2 NocR (pNOC106) None Octopine 13
Nopaline 15

*The plasmids are described in Figures 1B and 2B. Induction with the opines: 6 hr with 0.4 mM.
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pNOCI106, which contains nocR as the only regulatory
gene. Simultaneous addition of octopine did not block the
induction with nopaline. In the framework of the model
proposed above this would suggest that NocR does not
bind octopine.

The regulation of the occ functions by activation is in
contrast to previous reports that proposed from the analysis
of octopine Ti plasmid mutants that occ and tra are nega-
tively controlled by a common repressor (Klapwijk et al.
1978; Klapwijk and Schilperoort 1982). These authors,
however, did not exclude a contribution of positive ele-
ments. The regulation of the tra functions has not been
investigated on the molecular level, and more detailed
studies may resolve the apparent contradiction.

NocR and OccR are related to each other and to a family
of other gene activators that share a common DNA binding
motif (Henikoff et al. 1988). This motif is also present
in the Ti plasmid proteins, and the similarity to the other
polypeptides is most pronounced in the aminoterminal part
of the proteins where the signature is located. Its presence
strongly supports the conclusion from the functional assays
that NocR and OccR are positive gene regulators. We there-
fore propose the names nocR and occR for the regulator
genes from the noc and the occ regions.
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