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The product of gene E, the lysis gene of pX174, has been identified as a distinct
band in a sodium dodecyl sulfate-gel electropherogram. The position of the band
is consistent with the molecular weight of 10,589 calculated from the nucleotide
sequence of the gene. The band is eliminated by a nonsense mutation in gene E.
It is estimated that roughly 100 to 300 molecules of E protein are made in an
infected cell; this appears to be less than one-tenth the amount of protein made
by gene D, in which gene E is wholly contained.

The process by which the single-stranded
small DNA bacteriophages 4X174 and S13 lyse
their bacterial host is not understood, but it is
known to require the product of phage gene E
(6). Nonsense mutations in gene E appear to
affect only lysis, thereby allowing large numbers
of infective phage particles to accumulate during
an extended latent period (6). Similar mutations
have been isolated for S13 (12). The E protein
lies within gene D, in a different reading frame
(2).
We report here the identification of the prod-

uct of the 4X174 lysis gene. The E protein was
identified by the elimination of a low-molecular-
weight phage-specified band from gel patterns
of radioactive proteins synthesized during an
amE3 infection (Fig. 1). The presence of E pro-
tein could only be detected after infection of
Hcr- host cells that were heavily UV irradiated
to eliminate host protein synthesis. Even after
irradiation of the host, a small amount of host
protein migrated at the position of the E band
in extracts of uninfected cells (Fig. 1, lane 1).
However, in an amE infection (Fig. 1, lane 2),
not only was the E protein band eliminated, but
also the residual host protein band, presumably
by the same mechanism that shuts off synthesis
of most host proteins midway in the latent pe-
riod after infection with 4X174, S13, or G4.

Barrell et al. (2) found by restriction-fragment
rescue experiments that the DNA sequence for
the E gene overlaps the D region of the OX174
genome. The base changes caused by amE mu-
tants were located on the 4OX174 sequence map
by comparing the DNA sequences of amE mu-
tants and wild-type phage. The location of two
amE nonsense codons (one of which was amE3)
showed the correct reading frame for the E
protein and allowed Barrell et al. to identify the
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natural termination codon as being the first
available in-phase nonsense codon after the
amE mutations. The DNA sequence indicated
two possible initiation codons. Barrell et al. con-
sidered one of these more likely than the other
because it is preceded by a "Shine-Dalgarno
sequence," implicated in ribosome binding (11).
The molecular weight calculated from the gene
E sequence is 10,589. (The other possible initia-
tion codon would lead to an E protein that is 10
amino acids longer, with a molecular weight of
11,642.) Since the DNA sequence of gene E
indicates that the E protein should contain 23%
leucine, we labeled proteins with radioactive leu-
cine.
The position of the E protein in the gel cor-

responded to a molecular weight of 10,700. The
gel was calibrated (legend to Fig. 1) from the
positions (lane 4) of proteins A, F, H, A*1, GI, D,
C, and K, whose molecular weights were all
inferred from the DNA sequence. The identifi-
cation of protein K of phage G4 and the location
of gene K in the G4 and OX174 DNA sequences
is described by Shaw et al. (10). The correspond-
ing K gene product for 4X174 was identified by
Pollock et al. (8).

Burgess and Denhardt (4) previously reported
an identification of the E protein. However, no
single band was eliminated from their tube gel
pattern. Instead there was about a 50% decrease
in a broad band composed of several phage
proteins smaller than the D protein. The mutant
used was am6, now known to contain at least
three nonsense mutations: an amber in A, an
amber in E, and an opal in K (8,9, 13). Therefore
the reduction in peak height observed by Bur-
gess and Denhardt was probably due largely to
elimination of the K protein, which is more
prominent than E (Fig. 1).
When corrected for the known leucine com-

position of proteins E and H (21 and 19, respec-
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FIG. 1. Fluorogram of sodium dodecyl sulfate-
polyacrylamide gel of extracts of UV-irradiated 4AX-
infected or uninfected cells. Escherichia coli C AP1
(Hcr-) was grown to 2 x 108 cells per ml and irradi-
ated at a UV dose of about 150 Jlm2. MgSO4 was
added to 10-2 M, phage were added to a multiplicity
of 10 PFU/cell, and the cultures were aerated at
37°C. At 10 min after infection, [3H]leucine (60
Ci/mmol) was added to 50 ,uCi/ml. The cultures were
chilled at 40 min after infection, processed as de-
scribed previously (7), then subjected to electropho-
resis on gels of 18.5% (wt/vol) acrylamide and 0.17%
(wt/vol) N,N'-methylene-bisacrylamide. Lane 1, un-
infected cells; lane 2, amE3; lane 3, amF57; lane 4,
4X1 74 wild type. Identification ofC and Kproteins is
described by Pollock et al. (8). The fluorogram was
scanned with a Joyce Loebl Mark IIIC microdensi-
tometer to locate the position of each band and also
to determine the amount of E protein relative to H
and D. The molecular weight of the E protein was
calculated from the data in lane 4. For the known
proteins the log of the molecular weight was plotted

tively, inferred from the DNA sequence), densi-
tometry of lanes 3 and 4 (Fig. 1) shows that the
number of E molecules is 0.20 times that ofH in
UV-irradiated cells. The relative amount of E
protein in normal cells could not be determined
because the E band in gels was obscured by host
proteins when the extracts were made from unir-
radiated cells. It is known that among the more
prominent proteins the amount of protein D
relative to F, G, and H can be increased two- to
fourfold by irradiation of the cells (unpublished
data). Therefore, within such limits it is now
possible to estimate the number of E molecules
in a normal infection. With 12 H molecules per
virus particle (3) and assuming a burst size of
about 100, there should be approximately 240
(0.20 x 100 x 12) molecules of E per cell. This
is a very rough estimate inasmuch as we do not
know if all H protein is assembled into virus
particles and if all E protein is recovered.
The amount of E is in striking contrast to the

amount of gene D product synthesized. Farber
(5) estimated that about 32 monomers ofD were
present per infective particle produced in amE3-
infected nonsuppressing cells. (As shown in Fig.
1, the amE3 mutation does not greatly alter the
amount of D protein synthesized.) We can then
estimate that the expression of gene E (nested
within gene D) is about 13-fold lower than for
gene D itself. This can also be seen in Fig. 1.
Although the great disparity in densities of D
and E precludes an accurate comparison, densi-
tometry shows that the number of E molecules
is about 28-fold lower than that of D (corrected
for the E/D leucine ratio of 1.9). Allowing even
for a preferential expression of gene D in irradi-
ated cells, there still would be a large excess of
D over E in normal cells; it appears that there
are 100 to 300 molecules of E made per cell. The
nature of the regulatory event controlling
expression of these two overlapping genes,
whether it be at the level of transcription or
translation, remains to be discovered, as does
the mechanism of action of protein E in cell
lysis.

versus the position of the band in the gel, and a
second-degree polynomial was fitted to the points by
a least-squares analysis. The best-fitting curve turned
out to be linear, the coefficient of the second-order
term being negligible. The position of the E band on
the curve corresponded to 10,700 daltons. The molec-
ular weights of the proteins used to calibrate the gel
were as follows: A, 58,650; F, 48,430; H, 34,380; A*%,
31,950; G1, 19,030; D, 16,920; C, 10,070; K, 6,380. They
were all obtained from the nucleotide sequence. The
B protein was not used because its electrophoretic
mobility is markedly anomalous (9).
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