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SUMMARY. The coliphage X DNA replication proteins, the g- and c- 
gene products, have been identified by infection of nonpermis- 
sive Escherichia coli minicells with the appropriate h amber mu- 
tante as proteinsofa molecular weight of about 34000 and 23000, 
respectively. Protein8 of exactly the same size were found in 
minicells harbouring the plasmid h&. Both proteins seem to be 
synthesized at the same rate.\ In h-infected minicells, as well 
as in A&-harbouring minicells the pulse-and-chase experiments 
have shown an exceptionally rapid decay of the O-protein. 

INTRODUCTION. It has been shown recently, that Escherichia coli 

minicells infected with bacteriophage h synthesize h-specific 

mHNA (1, 2) and proteins (3, 4), which can be easily detected 

since host macromolecular syntheses do not occur in this system. 

In this paper, we identify the g- and E-gene products, and study 

the in vivo synthesis and decay of these h early proteins en- -- 

gaged in the initiation and maintenance of the h DNA replication 

(5). Genetic experiments suggest that the O-protein interacts 

with both a specific target sequence in the DNA molecule (at or 

near the origin of replication), and the P-protein (6, 7, 8). 

There are also suggestions that the c-gene product interacts 

with several host proteins, the products of genes &A (9), -5, 

dna3, dnaK, gr&D and gr&E (10). -w since O-protein fits a major 

criterion of an initiator, as defined in the replicon model of 

Jacob et al (II), m -* the identification of this protein in vivo and L- 

the study of its chemical stability seemed to us a matter of the 

utmost importance. 
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MATERIAL:, ANti METHOUs. The bacterial strains were described pre- 
viously (4). We have confirmed that the strains originating from 
P678-54 are su2+ (12). The su0 allele was introduced b 

r 
inter- 

rupted matingwith W3807 Hfz (13). The nonpermissive 8~0) 

strain H265, producing mini@olElIi, was selected as a gz re- 
combinant. The phages hOam29, hPam3 (14) were from H.Echols, 
Q2v3v&326 (hsvir) fromG.UrdalT5), AL106 from s.Hilliker 
(167, and h&Imrom Phage-infection of minicells 
and protein labeling 
scribed earlier (4). 

were performed as de- 
ing was terminated by layering 

over an equal volume of frozen 10 mM Tris-HC1/20 mM sodium azide 
buffer, pH 7.2, containing 0.0546 NaCl. We have also used boiling 
in bDs for this purpose (17), but have not got better results. 

eriments the labeling was stopped by a 
with the nonradioactive 

ones. The acrylamide - bDb slab gel electrophoresis of ra- 
dioactive proteins was performed according to Laemmli ( 18). The 
fluorograms ( 19) were traced with a Vernon densitometer. The fol- 
lowing served as standards (molecular weight in parentheses) * 
colicin El (56000), proteins of mature h phage, pE (38000), p\; 
(31000) and pD (12000), and bovine trypsin (23000). 

RESULT;, AND DIsCUssION. The initial approach to the identifica- 

tion of h DNA replication proteins consisted in the application 

of the h/P22 hybrid, A&106. In this phage the replicative re- 

gion reveals the P22 specificity (16). One of the P22-specified 

proteins of a molecular weight of about 50000 can be easily re- 

cognized when h&106-infected minicells are examined (Fig.1). At 

least two proteins synthesized in h-infected minicells were ab- 

sent when A&106 was used for infection (Fig.1) ; their molecular 

weights amounted to about 34000 and 23000. For the final identi- 

fication the infection of nonpermissive minicells with A amber 

mutants has been chosen. An infection with the g-gene mutant re- 

sulted in the disappearance of only one peak (Fig.ZH,B), indica- 

ting a protein of a molecular weight of about 34000 as a product 

of the g-gene. An analogous examination of the E-gene amber mu- 

tant has revealed that the protein of a molecular weight of 

about 23000 is the P-gene product (Fig.2A,C). The P-protein has 

been already identified in the UV-irradiated bacterial cells 

( 20). 
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Tentative identification of h replicative gene-products. 
Acry amide gel+slectrophoresis of proteins synthesized in 
mini ColEl] su2 

6 
infected with hcI72 (A), or Ah 

oint z the proteins which are not l? 
106 (5). The ar- 

rows synt esired during 
X&106 infection. since this hybrid phage lacks h replicative 

~~g:~:tminicells were labeled with 1 CJaminoacids for 10 &utss 
these proteins are likely p@ducts of the A genes 0 and 

after infection.. 

Fi .2. Final identification of the g- and E-gene products. 
Acry amide gel electrophoresis of proteins synthesized in _e, 
mini[ColEl’]suO infected with &I72 (A), )&am29 (B) and 
hcItsB57Pamr(C). The arrowe point to thea-’ and P- 
(EoGcularweights of 34000 and 23000, rss;ectiveTy P 

ene products 
which are 

not synthesized when the appropriate h ember mutants are 
for infection. The post-infection period of labeling with 

u ftd 
P I C 

aminoacids amounted to 10 minutes. 

The synthesis of p- and p-gene products in minicells, ob- 

served early after the addition of the label (2 min pulse, 

Fig. 3) , as well as the finding that proteins of similar size are 

specified by these genes in an in vitro experiment (21, 22) -- 

proves that proteins of molecular weights of 34000 and 23000 are 

the direct products of translation. Both h replication genes are 

transcribed to give a single polyciatronic mRNn (23), hence any 
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Fig.3. 
gel 

short pulse labeling of h-infected minicells. Acrylsmide 
electrophoresis of proteins synthesized in minf~ColE1~ in- 

fected with hsvir. The proteins were labeled with L Cjaminoacide 
between the lmand 12th min after infection. The O/P ratio is 
considerably higher than that in the preceding figures, when a 
longer labeling period was applied. 

difference in the rate of synthesis of these proteins may be in- 

terpreted as the manifestation of a posttranscriptional control. 

short pulse experiments revealed that the net synthesis of the 

O-protein occurs nearly at the same rate as in the case of the 

P-protein (Fig.3). Taking into account the extreme instability 

of the O-protein (see next paragraph) which must lower the O- 

protein peak even during a short pulse, we conclude that both h 

replication proteins are synthesized at the same rate in X-in- 

fected minicells. In this context it is worth to recall that in 

the DNA-dependent coupled protein synthesis, the O-protein was 

synthesized in considerable amounts while the P-protein was 

hardly detectable (22); it seems, therefore, that this finding 

did not reflect the situation in u. 

The most interesting question concerning the reason for the 

instability of the g-gene activity (24) has been answered by the 

pulse-and-chase experiments. The O-protein faded out very fast 

(Fig.4). The chemical half-life ( uncorrected) of this protein 

at 42’C amounted to 4 minutes (Fig.5). However, in the case of 
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Fig.4. The pulse-and-chase experiment. The h-infected minicells, 
labeled aa indicated in Fig.3 (lane l), were incubated with 
nonradioactive aminoacids for 
20, 22 and 24 min (lanes 2 - 

: 2, 4, 6, 8, 10, 12, 14, 16, 18, 

of the O-protein. 
13). Note the rapid disappearance 

other h-coded proteins, supposed to be stable, we observed a re- 

sidual isotope-incorporation after the end of the pulse, issuing 

probebly from the intracellufar pool of isotope-labeled aminoac- 

PP 

Fig.5. Kinetics of decay of h DNA replication proteins, p0 (0) 
and PP (o), and of A major head protein pE ( ). The relative 
peak size was determined by scanning the fluorogram presented 
in Fig.4 and by integrating the areas under the peaks. 

Fig.6. The 0- and P-gene products coded by the plasmid hdvl 
The minicelrs harbzring the plasmid hdvl were labeled wi%f4C] 
aminoacids for 30 min. The arrow8 poiz to the h ONA replication 
proteins, p0 and pp. 
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ids. This incorporation ought to be taken into account in the 

case of the g-gene product, in order to obtain a real picture of 

the decay of this protein. The corrected value for the chemical 

half-life of O-protein at 42’C is about 2 min when P-protein 

serves as a reference, and even smaller when the residual E-pro- 

tein synthesis is considered in calculations. Analogous experi- 

ments performed for longer time periods have revealed that the 

P-protein is stable; its chemical half-life exceeds 60 minutes. 

The g- and E-gene products ought to be synthesized in mini- 

cells harbouring ?& plasmids, since these small replicons use 

the same proteins for their replication. This turned to be true: 

proteins of exactly the same size are specified by the X&i plas- 

mid (Fig.6). ALSO in this case the O-protein appeared to be very 

labile ( results not shown). 

The rapid degradation of the initiator protein may be of 

fundamental importance in the control of the initiation of DNA 

replication. 
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