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ABSTRACT

The nucleotide sequence of a 869 bp segment of phage 434 DNA in-
cluding the regulatory genes cro and cII is presented and compared with
the corresponding part of the phage A DNA sequence. The 434 cro protein
as deduced from the DNA sequence is a highly basic protein of 71 amino
acid residues with a calculated molecular weight of 8089. While the
cro gene sequences of phage 434 and X DNA are very different, the nuc-
leotide sequences to the right of the XAim434 boundary show differences
only at 11 out of 512 positions. Nucleotide substitutions in the cII
gene occur with one exception in the third positions of the respective
codons and only one out of several DNA regulatory signals located in
this region of the phage genomes is affected by these nucleotide sub-
stitutions.

INTRODUCTION

Bacteriophage 434 is genetically very similar to phage X and together

with several others belongs to the group of lambdoid coliphages. All of

them share as common characteristics comparable DNA lengths and a

similar structural and functional organization of their genomes. Genes

coding for biologically related functions quite often are clustered

into contiguous groups such as the imunity and replication regions.

Because of their functional equivalence, these groups are exchangeable

among the various lambdoid phages, resulting in the formation of hybrid

bacteriophages such as X imm434 (1), i21 (2) and others. Within

these regions, genes and DNA target sites interacting with the encoded

gene products are often structurally linked or even overlapping, as

has been shown for example for the 0 gene/ origin of replication (3,4)
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and the cII gene/ cy site (5,6) in phageA .

The different degrees of homology between the laubdoid phages are also

reflected by their capacities for genetic complementation. For the

closely related phages X and 434, complementation has been demonstrated

for the two phage coded gene 0 and P proteins (7), necessary for

initiation of phage DNA replication, for the proteins coded by genes

cII and cIII (8), which act positively on establishment of repression,

and for the gene N product (9), which controls the expression of most

other phage genes on the level of RNA transcription by its ability to

overcome rho-mediated transcriptional termination. Specific for each

phage and not exchangeable are the products of genes cI and cro. The

former functions as repressor to maintain the lysogenic state, while

the latter acts as its antagonist and therefore plays a crucial role

for lytic phage growth. In phage A, both cI and cro repressor proteins

act by binding to the same operator structures 0 and 0 . At , the-R -ML Z
A repressor regulates transcription starting from the promoters PZ-R
and P , which overlap 0, by binding to the three repressor binding

dites with an affinity 0 1> 2 > 3 (10,11), whereas the cro protein

has an inversed order of affinity i 3> (O1, i 2) (12). It is likely,

that in phage 434 the cI and cro gene products control transcription

in a very similar way by binding to the 434 operator structures.

The relationship between A and 434 in terms of sequence homology

of their DNA molecules has been analyzed by DNA heteroduplex mapping

(13). One nonhomologous region of A /434 heteroduplexes includes

genes cI and cro both lying in the 434 immunity region surrounded to

its left and right by segments of sequence homology which have been

assigned to genes N, cII, 0 and P.

A more detailed comparison of the sequences of the genomes of re-

lated phages at the nucleotide level should help to characterize the

respective genes and regulatory signals either by analysis of common

structural features of gene products or DNA signal structures exerting

analogous functions, or by analysis of parts of structural genes or

regulatory signals, that can be altered without influencing its

function(s). For this purpose we have determined the nucleotide se-

quence of the portion of phage 434 DNA comprising gene cro and the DNA

region to the right of the Aimm434 boundary extending to the N-ter-
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minal part of the 434 0 gene and have compared it with the correspon-

ding X sequence.

MATERIALS

DNA of the plasmids Advimm434 (14) and pHL81 (15), which contains

a 9.4 kb HindIII : BamHl fragment of 434 DNA inserted into pBR313, were

kindly provided by G. Hobom.

Restriction enzymes HhaI and PBlII were prepared by a modification

of the method of Sharp et al. (16) and Smith and Wilcox (17). HhaI was

further purified according to Bickle et al. (18). HinfI, HpaII, HindII

and MboII were gifts of G. Scherer and H. Sommer. SalI, AluI, MboII

and HaeII were purchased from New England Biolabs (USA), EcoRI from

Boehringer Mannheim. Bacterial alkaline phosphatase and T4 polynucleo-

tide kinase were obtained from Worthington and from Biogenics Research

Corporation, respectively.

[Y32P]ATP with a specific activity of 1000 - 1500 Ci/mmole was pre-

pared as described (19) using HCl-free, carrier-free 32P-phosphate from

New England Nuclear. Agfa Gevaert Osray T4 or Dupont Cronex 2 films in

connection with Dupont Lightning intensifying screens were used for

autoradiography.

METHODS

After constructing a physical map of 434 DNA by restriction analysis

(data not shown), restriction fragments were prepared and separated on

polyacrylamide slab gels. Fragments were isolated from the gels either

by a diffusion method (19) or by an electrophoretic elution procedure

(20).

Restriction fragments were labeled at their 5'ends using T4 poly-

nucleotide kinase and [2P]ATP (19). Separation of the labeled ends was

either achieved by recutting the DNA fragments with a second restriction

enzyme, followed by separation of the cleavage products on 7.5% or 10%

polyacrylamide gels or by strand separation on polyacrylamide gels (19).

DNA sequencing was performed essentially as described (19) using the

G-, AXC-, C>T- and C+T-reactions. Products were fractionated on denaturing

polyacrylamide gels with gel concentrations of 10%, 12%, 15% and 20%.
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Gel dimensions used were 23 cm x 41 cm x 0.2 cm, 16.5 cm x 90 cm x 0.1 cm

and 30 cm x 100 cm x 0.1 cm. With this set of different gel electro-

phoresis conditions and running the gels for different time intervals,

it was possible to read up to 200 positions from the labeled 5'end of

a given fragment. Before loading of samples, gels were aged for one day

and pre-electrophoresed for 6 h at 1000 V. Electrophoresis was carried

out at 1200 - 3000 V depending on the polyacrylaside concentrations and

gel dimensions used. These high voltages were necessary in order to

achieve gel temperatures of 500 - 600C necessary to minimize the for-

mation of DNA secondary structure which can result in artefacts m the

band patterns.

RESULTS AND DISCUSSION

434 cro gene and cro protein

For determination of the 434 cro gene sequence, DNA of the plassids

Advimm434 and, to a minor extent, pHL81 was used. Plasmid Xdvimm434,

derived from the hybrid phage Ximm434 (1) contains the 434 immunity re-

gion including genes cI and cro and the 434 0 P operator and promoter

structures (see Fig.1A). The 434 promoter P is located to the right of

an EcoRI cut (G. Hobos, personal communication) which was used as a

reference point for the construction of a restriction map. Further sup-

porting evidence for the position of the P promoter was obtained from

binding experiments of RNA polymerase (according to ref.21) to restric-

tion fragments obtained by double digestion ofx dvimm434 DNA with

enzymes EcoRI and HhaI (data not shown).

The order of the various restriction fragments and the strategy used

for sequence analysis of the 434 cro gene region is shown in Fig.1B.

Fig.2A gives an example of a sequence autoradiogram and the resulting
DNA sequence is presented in Fig.3.

From cells carrying the Advim434 plasmid a protein had been isolated

which by its specific binding to 434 DNA was concluded to be the 434 cro

gene product (22). The molecular weight of the protein as determined by
SDS gel electrophoresis was given as 11000.

From the nucleotide sequence shown in Fig.3 the amino acid sequence

of the 434 cro protein can be predicted. Screening of the 1-strand

870



Nucleic Acids Research

434

< cr
o

2 / ~~ ~ ~~~~~tRs<

I

i~~ ~ ~ai_ju__s-s

c

=i= S
-

-

j?0 2I I ¶ MSi* bp

100 200 300 400 v9 J bD

Fig.1A. Partial genetic and physical map of the phage 434 genome exten-

ding from the right part of the immunity region to the replication
region. The right-hand boundary of the 434 imunity region and the loca-
tion of the presumptive 434 oop RNA are indicated. B and C. Enlargement
of the 869 bp EcoRI :BgLII fragment of Aimm434 DNA (B) and 434 DNA (C).
Restriction endonuclease cleavage sites used for sequence analysis are

indicated by vertical arrows. Cleavage sites only present in either
Ximm434 DNA or 434 DNA are marked by asterisks. 5'terminally labeled
restriction fragments used for sequence analysis are shown by horizontal
arrows, the circles indicating the labeled 5'end. The sequenced part of
each restriction fragment is set off by a solid line.

sequence (which corresponds to the mRNA-sequence) for terminator codons

leaves a single reading frame not interrupted by termination signals

up to the UAA codon at position 229-231. As the most likely initiation

codon for cro protein translation appears the AUG codon at position

16-18, i.e. situated 16 nucleotides beyond the startpoint for right-

ward transcription (ref.23; chosen as position 1 and located 125 nucleo-

tides to the right of the EcoRI cut). This AUG codon is preceded by the

sequence GGAGG complementary to the 3'end of ribosomal 16S RNA (24, 25).

The cro protein as deduced from the DNA sequence consists of 71
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Fig.2. Representative sequence autoradiograms obtained from phage 434 DNA.
The numbers beside the autoradiograms refer to the corresponding posi-
tions in the DNA sequence shown in Fig.3. Nucleotide positions to the

right of the imm43 4 boundary which differ from those in phage X DNA are

marked by arrows. A. Se uence pattern of the 217 bp HaeII : Hinf I
restriction fragment, 3 P-labeled at the 5'end of the HinfI site. The
sequence represents part of the cro c necsrnc region and the
C-terminal portion of the cro gene of 434 DNA. Separation of the pro-
ducts obtained after partial base specific cleavages (19) was achieved
on a 10% polyacrylamide gel containing 714 urea. B. Patterns obtained
from the 350 bp Y.pII SailI fragment, labeled at the 5'end of the SalI
cut. The sequence constitutes part of the 434 cII gene. Fractionation
was carried out on a denaturing 20% polyacrylamide gel.
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amino acids (Figs.3 and 4) giving the molecular weight of 8089, smaller

than the molecular weight reported (22). However, a similar disagreement

with earlier measurements from SDS gels (26) has also been observed for

the Acro protein. At positions 210 and 228 the sequence deviates from

an independently determined sequence of the Ximm434 cro gene (27).

Fig.2A shows an autoradiogram of the r-strand sequence including these

two positions, also confirmed by information obtained for the comple-

mentary l-strand sequence of this region (compare Fig.1B). The nucleo-

tide sequence of the 0 P containing EcoRI : #EII fragment has also-R-R pI rgethsas
been determined by V. Pirrotta (23) showing a difference of one base-

pair regarding positions -14 to -17 in Fig.3.

With the reservation that for the 434 cro protein no supporting

amino acid sequence data are at present available, a comparison of the

cro gene and cro protein sequences of phages 434 and X (6, 28, 29)

shows that (a) both proteins are of similar size (434 cro: 71 amino

acids, MW 8089 - X cro: 66 amino acids, MW 7360), (b) both proteins

are highly basic (434 cro: 14 basic and 5 acidic amino acids - A cro:

11 basic and 6 acidic amino acids) and (c) in both cases the termina-

tion signal for translation is a UAA codon with alanine as the C-

terminal amino acid confined into the immunity regions in a very similar

location relative to the imm434 boundary (see Fig.3). Very striking and

more pronounced than in the cro protein of phageX is the strong cluste-

ring of basic amino acids in the N-terminal part of the 434 cro protein

(Figs.3 and 4). This is a feature also found in the N-terminal regions

of the lac and X cI repressor proteins (30, 31, 10) and it has been

suggested that the specific contact between repressor protein and ope-

rator DNA is mediated by the N-terminal residues (31, 32). As in XO-R
the phage 434 operator 0 also contains three potential repressor bin-

ding sites, which however are quite different in their nucleotide se-

quence from those of X (ref.23; see Fig.3). This difference is not sur-

prising, as both cro proteins only recognize their own phage specific

operator structures. On the nucleotide level no obvious homologies

between the 434 and Acro gene sequences can be observed, which is in

agreement with the results of A/434 DNA heteroduplex analysis (13). Can

we, nevertheless, detect any homology between the amino acid sequences

of the two cro protwins? An alignment as depicted in Fig.4 reveals a
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EcoRI MboII MbolI
I 5 ATTCTTTTGCTTTTTACCCTGGAiGAAATACTCr AAGCCACCtCTGTTATTTCCCCAATCTTCACAAGAAiAACTGTATTTGACAAACAA_ATACA-
r 3'-TTAA3AAAACGAAAAATGGGACCTTCTTTATGA 1ATTCGGTGGAGACAATAAT GGGTTAGAAGTGTTCTTTTTGACATAAACTGTTTGTTCTAT6T-

MlboII
5 '-TTGTATGAAAATACiAGAAAGTTTGTTGATG.6A66CGATAT.6CAAACTCTTTCtGAACGCCT,CIAGA6AASGGC5AA SCTTIAAAATGACGtAAACC-
3'-AACATACTTTTATGTTCTTTCAAACAACTACCTCCGCTATACGTTTGAGAAAGACTTGCGGAGTTCTTCTCCGCTT C6AATTTTTACTGCGTTTGG-

OR PR L cro FMetGlnThrLeuSerGluArgLeuLysLysArgArglleAlaLeuLysNetThr6lnThr
10 20

Hha
HpalI lOQ Alul 15r Haell/Hhal

5 _GAACt GCAACCAAIGTGTTAAACAGCAATCAATCAATATT6JAAA CTGGAGTAACCAAGCGACCGC TCTTGTTTMA6ATT6CTATGGC1T-
3 '-CTTGACCGTTGGTTTCGC4ACAATTTGTCGTTAGTTAAGTT6ACTAACTTqACCTCATTGGTTC6CT6v6GAA6AACAAACTCTAAC6ATA#FAA-
-GluLeuAlaThrLysAlaGlyValLysGInGlnSerI leGInLeul leGluAlaGlyValThrLysArgProArgPheLeuPheGlul leAlaNetAlaLeu-

30 40 50
irrum434

Sau3A/Hpall 20Q IATAA 25 m
5 '-AACTG ATGC6GTTTGGTTACAGTACGGAACTAAACGCGGTAAAGCCGCTTAA6ACA TCTCTTAC2A GAiC TGAAAA_AG ATCAAA-
3 '-TTGACACTAI#; AAACAA-TGTCATGCCTTGATTTGCGCCATTTCGGCGAATTCTGTA G6CAAATGTGTAGGGTC666GACTTTTTCCCGTCGM-

-AsnCysAspProValTrpLeuG6nTyrGlyThrLysArgGlyLysAlaAlaTER nutR
60P 70

[^] 300 -- 350
5'-AT;AACCACACC;ATGGTGTAT6CATTTATTT6CATACATTC;ATCAATTGTfO I1;. T DtT6T66ACAAACCAAWZMAG-
3'-TATTTGGTGTGGATACCAC-ATaTTZFAiTGTA TTAACAATAGATC MAT6 ATGT GCTC-

tRi c1l: FMetValArgAlaAsnLysArgAsnGlu-

Hinf Taql 400 NboII Alul 450 Sau3A
5' -GCtCTAC 9AGAGTGCGTTGCTTAACAAAATCGCAATGCTTG 66STG6AA A666A GTATAIGTCGC*EATtACAG6-
3 -CGAGAT6 CTCACGCAACGAATTGTTTTAGCGTTACGAACCTTGACTCTTC*A TATTCACTCTA*CGTCC

-AlaLeuArg leGluSerAlaLeuLeuAsnLys leAlaletLeuGlyThrGluLysThrAlaGluAlaValGlyValAspLysSerGln leSerArg-
10 20 30 40

MbolII Hinfl 500 [ Hndii 550 Taql 1

5'-TGGIA6AGGGATT TTCCAAAGTTCTCAATTCTTCTtTCTTA6ACAT66C GC6ACAA6TT6CT-
3'-ACCTTCTcCCTAA6 TTTCAAGC6TTAC6AC6AAC6ACAAAACTTAcccCAcAGci T6CT6TACC6A6qTAAGCT6CT6TTCAAC6A-

-TrpLysArgAspTrp 1eProL5sPheSerNetLeuLeuAlaValLeuG1uT261yValValAspAspAspMetAlaArgLeuAlaArg61nValAla-

Taql AUUUUUUGGGGCCGCCGUUGGCUCGCAA6ACUUGIUUAGGIJUACUAOAA6ACUCCAAUAAUGACCUUGAUA6UUGppp ooP RNA
I Hinfl to Hpall EcoRI [

m

[ Hinfl

5'-l4tTCTCACCAAtAAAA GPAA C tAAh6A LCT GA TGATTACT GGAACTATCAACA T.C-
3'-AqTA*AGTGGTTATTTTT6CGG CCGTTG6CTCGCAA6ACTTGTTTAG6TCTA CTTAACTCCAATAATGACCTT6ATAGTT6TCC

-Ser leLeuThrAsnLysLysArgProAlaAlaThr6luArgSerGluGln leGnIMetGluPheTER
e0 90

PO 70 HpalI BglII
5'_-ATTAT_CAAATACAGA _AATACTCAACT_ C GAATtT GGACAG6AG6C TAAT6T6.6C4IT- I-strand
3 -TAATATTGTTTATGTCGTTTTTATGAGTTGAAGccGTCTccATTGAAAcG6CFT6TccTc6cATTAcAcc6TcTAG r- strand
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similar arrangement of certain amino acids, particularly in the N-ter-

minal part. Moreover, an approximately comparable distribution of the

basic amino acid residues along the two sequences can be observed. The

functional importance, however, of both observations, if any, is not

clear.

Intercistronic region between genes cro and cII

In phage X DNA the noncoding region between the end of the cro gene

and the presumptive start of the cII gene is 118 nucleotides in length

(5,6). It contains the two regulatory signals for transcription of 4-

mENA, the rho-dependent termination signal t and the recognition site

nut for protein N interaction, which allows transcriptional readthrough

beyond t (5). Sequence analysis of the 434 intercistronic region (for

the sequencing strategy see Fig.1C) shows that beyond the im434 non-

homology boundary it differs only in the two positions 253 and 278 from

the respective sequence in phageX DNA (Fig.3). These nucleotide ex-

Fig.3. Nucleotide sequence of the 869 bp EcoRI : BglII restriction
fragment of phage 434 DNA. The startpoint for rightward transcription
(23) is indicated by an arrow and chosen as position 1. The location
of the three repressor binding sites of the 434 operator 0 (23) is
indicated by brackets on top of the 1-strand. The sequence of the first
30 nucleotides to the right of the EcoRI cut is from ref.23. Putative
translational initiator codons as well as the preceding sequences com-

plementary to the 3'end of ribosomal 16S RNA are indicated by dotted
lines below the messenger like 1-strand. Amino acid sequences of the
434 cro and clI proteins are written below the DNA sequence. The loca-
tions of the signals nut., t 1, c, t and P as determined in phageX
DNA are marked. The P related pseudo-operator sequence is indicated byZ-o
dashed brackets (see text for discussion). The presumptive 434 oop RNA

sequence is included on top of the DNA sequence. The right-hand boun-

dary of the imm434 immunity region as present in Ximm434 is indicated.
To its left, eight nucleotides of the 1-strand sequence of XDNA are

included on top of positions 230 to 237 with the termination codon of

the Xcro gene underlined. To the right of the imm434 boundary nucleo-

tide positions which are different in ADNA from those in 434 DNA are

given above the 434 DNA sequence (position 238 corresponds to position
225 in the X DNA sequence (6) and so on for all further nucleotide posi-
tions). Restriction endonuclease cleavage sites are indicated at the

respective positions. The arrows between the DNA strands designate in-

verted sequence repetitions.
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+ + -F 71 +
434: FMet-Gln-Thr-Leu-Ser-GluArg Leu-Lys-LysjArgsArg-Ile AlaLeu4LysIMet-Thrs Gln-Thr Glu-Leu.Ala Thr-Lys-

10 +120FMet-Glu-GlntArgj le-Thr-Leu-Lys-Asp-Tyr let-iArgPhe-GlytGln-Thr ys-Thr Ala ys-Asp-

~~~~~~20

434: -Ala Gly-Val Lys-Gln Gln-Ser Ile-Gln-Leu-Ile-Glu .AlaGly-Val-Thr-LysjArgjPro-Arg-Phe-Leu{Phe-Glu-Ile-
30 40 50

X: -Leu ya Tyr -Ser Ala-I le-Asn-Lys Ala Ile-His-Ala-Gly4 Lys-IlejP e-LeuJThr-Ile-Asn-
30 ~~~~~~~~~40

++

434: Al.aet-Ala-Leu-Asn-Cys- LAsp.-Pro-Val-Trp-Leu-Gln-Tyr-Gly-ThrLys A+rgGly-Lys-Ala Ala-TER

I+X: Asp-Gly-Ser-Val-Tyr-AlalaG VuaGlu ys-Pro-Phe-Pro-Ser-Asn Ls Thr-Thr Ala-TER50 L:-60 Y

Fig.4. Amino acid sequences of the cro proteins of phages 434 and A.

The sequences are aligned to show maximal homology Positively or nega-

tively charged amino acid residues are marked by + or -. Solid boxes
enclose identical amino acids in the sequences of both cro proteins at
the respective positions. Dashed boxes indicate equally charged amino
acid residues.

changes do not affect either of the two regulatory signals nut and

t 1 *but are located in regions with apparently little or no functio-

nal importance. An identical nut signal in 434 DNA is in agreement

with the earlier observation that phage 434 can complement for the N

function in X (9).

In the hybrid phage Aimm434 ( xdvimm434) the sequence beyond the

imm434 boundary is clearly that of A , because it is lacking the first

nucleotide substitutions at positions 253 and 278 observed in 434 DNA.

Thus one of the recombinational events which gave rise to this hybrid

phage actually must have taken place in the segment defined by the

right nonhomology boundary of the 434 immunity region and 16 nucleo-

tides further to the right by the first sequence deviation between X

and 434 DNA. In contrast to this, the right-hand boundary of the

X/A imm2l nonhomology region as defined by DNA heteroduplex analysis

(33) does not likewise represent the place of the recombinational event

resulting in the formation of hybrid phage Aimm21, because the Ximm2l

nucleotide sequence to the right of the i_21 nonhomology boundary is

identical with the sequence of phage 21 DNA and different from X at
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all the positions deviating between phage 21 and A DNA in this region

(34).

434 cII gene and cy region

By genetic analysis it has been shown that recombination between

phages X and 434 is possible within their cII genes (35). The DNA homo-

logy in this area could be further characterized by A/434 heteroduplex

analysis (13). On the protein level a mutual exchangeability of the X

and 434 cII gene products has been demonstrated (8). From the 434 DNA

sequence presented here and the known X DNA sequence (6) we are able to

confirm this homology on the nucleotide level. The sequence identity of

A and 434 DNA in the clI gene region is interrupted by nucleotide sub-

stitutions at seven positions only (Fig.3). Based on this extensive

sequence homology and on the genetic data it is possible to extrapolate

the known reading frame of the A cII gene (6) to that of the phage 434

gene. The 434 cII protein as deduced from the DNA sequence consists of

97 amino acids differing from the A cII amino acid sequence only by an

AlaA - Ser434 exchange at position 76. The sequence data of the 434

cII gene also confirm the nucleotide sequence of the X cII gene (6).

In particular, this applies to the segment between positions 529 and

534, GGGGTG in 434 DNA (Fig.3) and GGGGGG in X DNA (6) regarding the

I-strand sequences, which deviates from an independently determined

nucleotide sequence of the AcII gene obtained from X imm434 DNA (27).
Sequence data concerning this region have been obtained by determination

of the 1-strand sequence from Advh93 and AcIIam6Oam41 DNA (6), of the

r-strand sequence derived fro Xdvi_ 434 DNA (see Fig.1B) and of the

r-strand sequence of 434 DNA ( see Fig.lC and Fig.2B).
The cy region defined in phage X by cis-dominant mutations (35-37)

and partly overlapping with the N-terminal part of the cII gene (5,6)
is thought to be the binding site of the cII protein, which acts posi-
tively on repressor est-ablishment transcription (8). The perfect
434/A homology observed in the EL region as well as the overall homo-

logy of the cII proteins of both phages is in agreement with this

hypothesis.

Recently a second DNA signal, proposed to be involved in lambdoid

phage DNA replication and designated as "replicational inceptor" was
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found within the cII genes of phages X and 434 (15,38). The nucleotide

substitutions at positions 533 and 539 of 434 DNA (Fig.3) can be inter-

preted to improve the length of the inverted repeat located in this DNA

region, which is thought to constitute an essential part of the inceptor

signal structure. Parallel to these nucleotide substitutions a different

initiator protein requirement has been observed in a hybrid plasmid

replication system containing 434 DNA instead of X DNA (15,38).

434 oop RNA region

In the cII - 0 intercistronic region of lambdoid phages a short RNA,

called oop RNA, is initiated at the P promoter and transcribed fromZ-o
the 1-strand in leftward direction (39). The exact biological function

of this RNA is still unknown. It was thought to have a dual role as

leader for repressor establishment transcription and as RNA primer for

DNA replication (40). However, recent experiments showed that the dele-

tion of the P promoter does not reduce the overall ADNA replication

rate (41).

Because of the very close similarity of the 434 DNA sequence to the

X oop DNA sequence (42) and the completely identical P and t signalZ-0 -i
structures we deduced the sequence of a 434 oop RNA from the DNA se-

quence as indicated in Fig.3. The 434 oop DNA sequence deviates from

that of phageA at three nucleotide positions (Fig.3). The GX - A434
exchange at position 638 constitutes an EcoRI cleavage site in 434 DNA.

The C - T434 substitution at position 648 is interesting with regard

to a hypothetical translation of the oop RNA, since the latter has not

yet been disproven by biochemical data and cannot be ruled out by know-

ledge of the X oop RNA sequence (42,43). Translation of oop RNA would

provide a possible mechanism for regulating antitermination at the ter-

minator t, in a similar way as has been proposed for some bacterial

katabolic operons (44-47). If oop RNA serves indeed as a leader for

repressor establishment transcription, antitermination to overcome the

termination signal t is required. For phage X it was shown by in vitro

experiments that in the presence of the host factor rho no elongation
of the oop RNA is detectable (48). The substitution at position 648

converts the single potential AUG initiation codon in the X oop RNA

878



Nucleic Acids Research

into an AUA triplet in the 434 RNA (see Fig.3). Since an AUA codon has

not been found so far to function in vivo as an initiation triplet,

translation of lambdoid oop RNA is unlikely to occur. A third difference

between X and 434 DNA sequences in the oop region is located at position

658.

The DNA sequence of the 434 P promoter region is completely identi-

cal to that of A. This argues against a A9O like sequence located in

this area to function as a binding site for the X cro protein (42), be-

cause the X and 434 cro proteins and also the 0 operator sequences are

phage specific. Therefore it seems unlikely that the 434 cro protein

recognizes the pseudo-operator sequence in the P region, identical in

the phage A and 434 DNA. Since the same regulatory principles are used

in all lambdoid phages, we may extrapolate the above conclusion to

phage A, i.e. that the X cro protein does not bind to the X P region

and thereby regulate oop RNA synthesis. This suggestion is supported by

in vitro experiments showing that the xcro protein does not repress

X oop RNA synthesis (49).

The N-terminal part of the 434 0 gene sequenced so far is identical

to that of X (4). Therefore no decision between the two possible initia-

tion sites of the A and 434 0 genes (pos. 678-680 and 740-742 in Fig.3)

can be made from comparison of the 434 and A DNA sequences.
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