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1. Introduction 

At present there are no rigorous criteria to define 
a membrane-DNA complex. The techniques used for 
their recovery involve either rapid sedimentation or 
association with Mg-sarcosyl crystals. Using these 
methods the parental DNA of those phages studied 

(including T4, h (in the absence of repressor), $J X 174, 
and T,) appears to be attached to the cell membrane 
during vegetative reproduction. Furthermore, synthesis 

of viral progeny DNA seems to take place on the mem- 
brane in several cases (for review see [ 11). It has been 
shown that specific genes are involved in the binding 
of Tq DNA [2] as well as X DNA [3] to the membrane. 

In this laboratory a rapidly sedimenting complex 

isolated from T4 and T7 infected E. coli has been 
studied. This complex contains a-large portion of the 

total RNA polymerase activity (EC 2.7.7.6), and the 
associated DNA serves as an efficient template for 

the enzyme [4]. In the ‘early’ period of T4 infection 

the membrane appears to be enriched in ‘early’ genes 
[5]. The present report contains a corresponding 

study of early and late genes in T, membrane bound 
DNA following infection. 

2. Materials and methods 

All chemicals used were of highest commercial 
grade. [5-3H] -Uracil(29 Ci/mmole) and [5Me-3H] - 
thymidine (15.7 Ci/mmole) were obtained from the 
Radiochemical Centre England, Unisolve-I from Koch 
Light Lab., England, pronase B from Calbiochem, USA, 
pancreatic RNA-ase and pancreatic DNA-ase were pur- 
chased from Sigma Chemical Co. USA. 

North-Holland Publishing Company - Amsterdam 

A preparation of E. coli core RNA polymerase (EC 
2.7.7.6) was a gift from Dr A. K. Abraham. 

E. coli B was grown at 30°C in casamino acids gly- 
cerol medium [6] to a concentration of 5 X 108/ml 

and was then infected with phage T, using a multipli- 
city of infection of 20. 

In order to inhibit protein synthesis in phage infect- 
ed cells chloramphenicol was added to a concentration 
of 400 ~.cg/ml 5 min before infection. The cells were 
harvested 7 min after infection. (CAM) DNA and 
(CAM) RNA were prepared from these cells. 

E. coli RNA was labelled by the addition of 3H-ura- 
cil(1 mCi/ml) for 4 min during exponential growth of 
the cells. The preparation contained 2100 cpm/pg. 

Phage RNA was labelled between 14 and 17 min 
after infection by the addition of 1 mCi/ml of 3H-ura- 
cil to the medium. The preparation contained 1750 

CPm/&s. 
RNA was isolated from lysozyme and sodium dode- 

cyl sulfate-treated cells using hot phenol extraction. 
RNA was synthesized using core RNA polymerase 

(50 &ml) [7] and with either denatured T, phage, 

particle DNA or denatured 7’ membrane DNA as tem- 
plates. The conditions were as follows: 0.4 mM ATP, 

0.2 mM GTP, 0.2 mM CTP, 3 H-labelled 0.05 mM UTP 
containing 0.05 mCi; 30 mM Tris-HCl, 2.5 mM ortho- 
phosphate, 150 mM KCl, 10 mM MgCl, 0.1 mg/ml 
bovine serum albumin, 10 pg/ml DNA. The solutions 
were incubated for 30 at 37’C. 

RNA was extracted with hot phenol, DNA was 
degraded by incubation with 25 pg/ml DNA-ase I (E. 
P.) for 30 at 37°C. DNA-ase was subsequently remov- 
ed by phenol extraction. 

Approximately 50% of the labelled material formed 
hybrid with excess denatured T, DNA. Phage was pu- 
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rified according to Ymamoto and Alberts [8]. The 
membrane fraction was prepared from osmotically- 
lysed spheroplasts according to Haarr [9]. DNA was 

isolated from T7 phage, from the membrane prepara- 
tion, and from whole cells according to methods des- 
cribed in references [lo] , [ 1 l] and [ 121 respectively. 
Protein concentration was estimated by the Lowry 
method [13]. 

Solutions of denatured DNA and labelled RNA were 
incubated for 4 hr at 67°C in 0.01 M Tris-HCl, pH 
7.3, and 0.5 M KCl. Hybrids were collected on nitro- 
cellulose membrane filters and counted [ 141. 

3. Results 

3.1. E. coli DNA and T, DNA of the membrane pre- 
paration 

Figs. 1 and 2 show approximate values for total 
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Fig.1. Total DNA in the membrane following infection. Mem- 
brane preparations isolated at varying times after infection 
were incubated in 0.3 N KOH for 10 hr, neutralized, and two 
vol of ethanol were added at 0°C. The precipitate was collect- 
ed, extracted with 5% trichloroacetic acid at 90°C for 20’, and 
DNA was determined in the supernatant according to Burton 
[ 151 using calf thymus DNA as standard. 
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Fig.2. E. coli DNA in the membrane following infection. 
(o-u-o) Decrease of universally labelled E. coli DNA/mg 
membrane protein (ordinate, left) E. coli cells were grown in 
the presence of 250 fig/ml deoxyadenosine and 1 pg/ml 
SMe-[ ‘H] -thymidine [ 161. Labelling was interrupted at the 
time of infection. The isolated membrane preparations were 
dissolved in 20 vols Cellosolve-l and the radioactivity was 
determined directly (see Materials and methods). (+o-+) 
Capacity to hybridize with excess E. coli RNA/pg total mem- 
brane DNA (ordinate, right). Approximately 2 rg/ml of mem- 
brane DNA isolated at differing times after the infection was 
hybridized with ‘H-labelled E. coii RNA. Maximal hybridiza- 
tion was obtained with approximately 100 bg RNA/ml (see 
Materials and methods). 

DNA and E. coli DNA, respectively, isolated from the 
membrane fraction following T, infection. 

Approximately 20% of the [SMe-jH] -thymidine 
incorporated into phage particle DNA was found to 
be associated with the membrane at 3,6, 10, 13 and 
18 min after infection. Furthermore, when [.5Me-3H] - 
thymidine was added to the cells 6’ after infection 

approximately 20% of the label appeared in the mem- 
brane at 9, 12 and 17 min after infection (conditions 
as described in legend to fig.2a). Thus it appears that 
approximately one fifth of parental DNA and one 
fifth of replicated DNA [ 171 is associated with the 
membrane. 
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3.2. Charactetization of membrane bound T, DNA 
T, DNA was characterized by hybridization-com- 

petition experiments. It is known that T7 infection 
gives rise to two distinct populations of phage RNA, 
‘early’ and ‘late’ [ 171. Only early RNA, copied from 
the left 20% of the genome is produced during the 
frrst 4-5 min, while both early and late are synthe- 
sized during the late period of infection (e.g. 14-17 
min) ( for review see [18]). Thus, when T, DNA con- 
taining both early and late genes, is hybridized with 
labelled 14-17 min RNA in the presence of increas- 
ing concentrations of unlabelled early RNA, maximal- 
ly 20% of the hybrid should be competed out. In 
contrast, with a genome containing only (or mainly) 
early T, genes, the competition should be complete 
(or nearly so). Fig.3 shows the results obtained with 
differing membrane DNAs, with phage particle DNA, 
and with total DNA isolated from infected cells. 
Clearly, membrane bound T7 DNA contains mainly 
early genes except when isolated very early and very 

late in the infection period (1.5, 19 and 20 min), and 
when isolated from cells inhibited by chloramphenicol. 

In order to confirm the results indicating’selection 
of genes, denatured DNA from the membrane, isolat- 
ed 12 min after infection, and denatured T, phage 
particle DNA were used as templates for the synthesis 
of RNA by core RNA polymerase, and the products 
examined by competition experiments. While DNA 
from the membrane would be expected to produce 
only early RNA, all types of RNA should be synthe- 
sized using denatured T, phage particle DNA as a 
template under these conditions [8]. The isolated H- 
strand of T, DNA [ 191 was used for hybridization, 
since this is the only strand which hybridizes with in 
vivo RNA (20). The-results are shown in fIg.4. Nearly 
complete competition is observed between RNA syn- 
thesized in vitro with membrane DNA as a template 
and early in vivo RNA, whereas only partial competi- 
tion is obtained between RNA produced with T, phage 
particle DNA and early in vivo RNA. Thus, denatured 
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Fig.3a and b. Characterization of DNA by hybridization-competition, The solutions contained: denatured DNA; 14-17 min labelled 
T, RNA, 64 &ml; unlabelied (CAM) RNA in varying concentrations* 100% corresponds to 600-1000 cpm/250 rd. For further de- 
tails see Materials and methods. 
a) I5.1 rg/ml membrane DNA, 1.5 min; 0 3.1 erg/ml membrane DNA, 19 min; + 2.5 fig/ml membrane DNA, 20 min;q 16.7 pgg/ml 
(CAM) DNA from membrane; b) A 3.0 &ml membrane DNA 2.5 min; A 2.9 &ml membrane DNA, 7 min; u 1.6 fig/ml membrane 
DNA, 12 mm; q 1.9 &ml membrane DNA, 15 min; o 2.8 @g/ml phage particle DNA; l 38 pg/ml DNA from 15 min whole cells. 
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Fig.4. Characterization of in vitro RNA by hybridization-com- 
petition. All the solutions contained: 1 pgg/ml of the H-strand 
of T, phage particle DNA [ 191. 100% corresponds to approx. 
300 cpm/250 ~1. For further details see Materials and methods. 
Labelled RNA synthesized using denatured T, phage particle 
as a template. ( -) Competed with unlabelled (CAM) 
RNA. ( *) Competed with unlabelled 17 min T, RNA. 
(o-e-o) Labelled RNA synthesized using denatured 7 min 
membrane DNA as a template. Competed with unlabelled 
(CAM) RNA. 

DNA from the membrane serves as template for only 
early RNA in the core RNA polymerase system and 
is therefore likely to contain early genes only. 

4. Discussion and results 

The fact that only early genes are present in our 
membrane preparations between 2.5 and 15 min after 
infection could be due to detachment of late genes by 
shearing, or the action of nucleases during the prepa- 
ration procedure. This would imply that early genes 

are specifically protected by binding to the membrane. 
Very early in the infection period (1’) and in chloram- 

phenicol treated cells, nucleases may be less active. In 
the very late period, phage proteins, which are believed 

to be incorporated into the membrane [ 11, could 
improve the protection of the whole genome. 

The results strongly indicate that early T7 genes are 
specifically bound to the membrane during the infec- 
tion period. 
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