
JOUIRNAL OF VIROLOGY, JaIn. 1972, p. 184-186
CopyiriglIt C3 1972 Amiierican Society for- Micr-obiology

Vol. 9, No. 1

Prilnted in U.S.A.

Genetic Location of a Mutant of Bacteriophage T4

Deficient in the Ability to Induce Endonuclease II

PURNIMA RAY, NAVIN K. SINHA, HUBER R. WARNER, AND D. PETER SNUSTAD

Departmenzt of Genietics anld Cell Biology alnd Departmenit of Biochemistry, College of Biological Sciences,
Uniiversity of Minniiesota, St. Paul, Minniesota 55101

Received for publication 30 September 1971

Reciprocal three-factor crosses and the use of a partial revertant of a putative
ribonucleotide reductase mutant of Escherichia coli B//5 as indicator have made it
possible to map denA (deficient in endonuclease II) between nrd-JJ (ribonucleotide re-

ductase gene B) and amM69 (gene 63) on the bacteriophage T4 chromosome.

Preliminary studies (4) indicated that the non-
essential gene denA (2), which has been identified
by several mutations resulting in the inability to
induce endonuclease II (3), maps between gene
32 and gene 63 on the bacteriophage T4 chromo-
some. Since this region is known to contain at
least four other nonessential genes, frd (dihy-
drofolate reductase), td (thymidylate synthetase),
and nrdA and nrdB (two ribonucleotide reductase
cistrons; reference 5 and Tessman, personal
communication), it was of interest to determine
the location of denA relative to these other non-
essential genes, particularly since the latter all
control functionally related products.

It became possible to map denA relative to
ribonucleotide reductase mutants nrd-10 and
nrd-11 with the isolation of a temperature-
sensitive hydroxyurea-resistant mutant of
Escherichia coli B, 5 which permitted us to
distinguish wild-type T4 plaques from nrd-10 and
nrd-11 plaques. This E. coli mutant, designated
NS214, was isolated as a putative ribonucleotide
reductase mutant and is presently being char-
acterized in this respect (N. K. Sinha, unpublished
data). It is amber-restrictive like B/5. When a
partial revertant (less temperature-sensitive) of
this putative ribonucleotide reductase mutant is
used as plating indicator and the plates are
incubated at 40 C, wild-type plaques are easily
distinguished from nrd-10 and nrd-1J plaques
(Fig. 1) and nd-28 plaques (4); nrd-18 plaques are
indistinguishable from wild-type plaques under
these conditions.
Our preliminary studies (4) indicated that

nd-28 (gene denA) was closely linked to amM69
(gene 63). Yeh et al. (5) and Tessman (personal
communication) have shown that nrd-JJ is also
closely linked to amM69. We have therefore per-
formed reciprocal three-factor crosses to deter-
mine the order of nrd-11, nd-28, and amM69

TABLE 1. Reciprocal three-Jfactor cross data

Crosses

amA453 - amM69
X nlrd-11

amA453 - i,rd-I1
X amM69

amA453 - amnM69
X nid-28

amA453 - tid-28
X amM69

a,mA453 - nid-2'8
X ncrd-li

amA453 - oird-l1
X nid-28

amnN54 - amnM69
X nird-1l

anmN54 - lird-11
X am7M69

am7NS54 - amnM69
X nid-28

amN54 - IId-28
X amM69

anmN54 - 1nd-28
X iird-11

amnN54 - 1lrd-l1
X nid-2'8

Per cent
recombi- Order indicated
nation"

2.6
a,mA453 - iord-1I

4.2 - amM69

2.5

3.5

2.1

2.9

3.5

1.9

2.7

1.7

2.9

1 .9

atnA453 - nid-28
- amM69

ainA453 - ,ird-11
- iid-28

ird-J1 - amM69
- aimN54

ld-28 - amnM69
- amN54

lrd-1l - ,id-28
- a,mN54

a Wild-type recombinants were determined on
Escherichia coli strain NS214 and total progeny
were determined on CR63. Each value is the
average of two crosses. All crosses were performed
in log-phase CR63 cells by the procedures of
Edgar (1).

relative to amA453 (gene 32) and aimN54 (gene
31). The results of these three-factor crosses
(Table 1) indicate the order: amA453-nrd-11-
nd-28-amM69-amN54. Extensive two-factor cross
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FIG. 1. Comparative plaque size of T4 nrd+, nrd-10, and nrd-11 on E. coli strain B/5 isolate NS214 after
incubation at 40 C. The wild-type plaques are much larger than the nrd-JJ plaques which in turn are larger than the
nrd-10 plaques. In reconstruction experiments, approximately 4% of the small plaques scored as nrd were ac-
tually nrd+; thus, map distances derivedfrom these data are slightly underestimated.

data, summarized in Fig. 2, are also consistent
with the above order. These data along with the
results of Yeh et al. (5) and Tessman (personal
communication) establish the following sequence
of markers between genes 31 and 32 on the T4
chromosome: gene 32-frd-1-td-8-nrd-18-nrd-10-
nrd-11-nd-28-amM69-cd-9-gene 31.
A question of particular interest is whether

genes controlling functionally related products
are contiguous to facilitate coordinate regulation.

If this is the case, it might seem unusual to have
a gene controlling a catabolic function, such as
endonuclease II, map in a cluster of genes con-
trolling anabolic functions. As far as phage T4 is
concerned, however, endonuclease II may be just
another enzyme involved in the production of
precursors for deoxyribonucleic acid (DNA) syn-
thesis, since nucleotides produced by breakdown
of host DNA are incorporated into progeny DNA
just as efficiently as are those synthesized de novo.
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FIG. 2. Summnary Qf the two-factor cross data, assumintg the order inidicated by the three-factor cross data of
Table 1. Eacch map distanice is the average value obtained in either three or fouir crosses; ±1 stalndard deviation
is showii ]or each distance. The map positionis of genies frd, td, nirdA, anid cd are showli as established by the results
of Yeh et al. (5) atnd Tessmani (personial commiiunication).

In terms of T-even phage reproduction, there-
fore, it may be efficient to coordinately regulate
genes involved in host-DNA breakdown and
genes involved in de novo synthesis of nucleotides.

These results are part of a thesis submitted by P. Ray to the
Graduate School of the University of Minnesota in partial ful-
fillment of the requirements for the M.S. degree. This work was

supported by Public Health Service research grants AI-07946 to
D. P. Snustad and Al-07898 to H. R. Warner fromi the National
Inistitute of Allergy and Infectious Diseases.
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