
The baseplate of Escherichia coli bacteriophage Т4 is

a complex molecular structure localized at the base of the

distal end of the phage tail; it controls the process of host

recognition and subsequent ejection of viral DNA into

the cell. The baseplate is composed of six identical wedges

(arms), each being a complex of seven gene products (gp):

gp10, gp11, gp7, gp8, gp6, gp53, and gp25 [1]. Gene

product 11 (gp11) is localized in angles of the bottom part

of the baseplate and acts as a connector for short fibers

encoded by gene 12, the latter being responsible for irre2

versible adsorption of phage particles on a cell.

The first intermediate in the assembly of a wedge is

probably the complex of two proteins, gp10/11 [2].

According to published data [3, 4], this complex, formed

in vivo as well as in vitro, contains two gp11 dimers that

interact via their C2terminal domains with two dimers of

gp10. However, according to gel2filtration data, gp11 iso2

lated from an extract of 10–2particles is a trimer [5].

Cells infected by amber mutants in gene 11 produce

particles lacking gp11 (11–2particles) that poorly adsorb on

host cells and are not capable to infection even when

adsorption does taken place [6]. Though these properties

are mainly caused by the absence of short tail fibers (gp12),

gp11 is apparently also necessary for contact to the cell sur2

face. The gp11–2particles can be transformed into infective

particles by addition of extracts containing native gp11.

Such extracts can be prepared by infection of cells by amber

mutants in other genes of the baseplate (genes 9 and 10).

The polypeptide chain of gp11 contains 219 amino

acids; the sequence of gene 11 was first determined in our

laboratory [7, 8]. Gp11 is a convenient object for study of

protein folding and oligomerization mechanisms. Many

conditionally lethal (ts, temperature sensitive) mutations

in gene 11 are known [9]. As in the case of the protein

encoded by gene 9 of bacteriophage Р22 [10], for gp11 it

will probably be possible to select folding mutations (tsf,

temperature sensitive folding) [11] and also suppressor

mutations inside the gene to determine the role of differ2

ent amino acids in polypeptide chain folding.

In this study, we have developed a method for expres2

sion and purification of recombinant gp11 that is biolog2

ically active in an in vitro complementation assay. The

protein is a trimer; circular dichroism and amino acid

analysis show that gp11 belongs to the class of α/β struc2

tural proteins.

MATERIALS AND METHODS

Bacterial strains. The E. coli Top10 strain was used

for the plasmid DNA preparation and transformation.

The E. coli BL21(DE3) strain containing the RNA poly2
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Gp11 is a baseplate protein that connects short tail fibers providing irreversible adsorption of the virus on a cell. A method
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data suggest that the biologically active protein is a trimer. According to CD spectroscopy and sequence analysis data, the

polypeptide chain of gp11 contains not less than 20% α2helical segments, about 30% β2structure, and belongs to the class

of α/β structural proteins.
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merase gene in the chromosome was used for expression

of genes cloned into the vector under the control of the

bacteriophage T7 promoter [12]. Be/1 strain (Su–, restric2

tive for amber mutants) and CR63 strain (Su+, permissive

for amber mutants) of E. coli were used for preparation of

defective extracts and titer determination of infective par2

ticles in the in vitro complementation assay.

Cloning of gene 11. A fragment containing full2

length gene 11 was amplified by PCR using oligonu2

cleotide primers containing point base substitutions to

generate corresponding restriction sites. 5′2CCG CCA

ACA TCT AGA ACT AAC primer was used as forward

primer; 5′2CTA TCG GTA GGA TCC AAT TTT ACA

was used as reverse primer (restriction sites are under2

lined). The reaction mixture contained (in 100 µl): ∼1 ng

of T4 DNA, 50 pmoles of each primer, 10 µl 10× PCR

buffer (Promega, USA), 200 µmoles of each dNTP, and

225 units of Taq2polymerase (Qiagene, Germany). The

reaction was started from preliminary DNA denaturation

(97°C, 3 min); then 25 amplification cycles were run

(94°C, 1 min; 52°C, 1 min; 72°C, 1 min) with subsequent

incubation for 5 min at 72°C. After restriction, gene 11

was cloned into the XbaI2BamHI sites of pET219b

(Novagene, USA).

Expression of gp11 in E. coli BL21(DE3). Gp11 was

expressed as described in [12] with insignificant modifi2

cations. Competent BL21(DE3) cells were transformed

by the plasmid, plated on L2agar containing 1% glucose

and ampicillin (100 µg/ml), and grown at 37°C to А600 ~

0.6. IPTG (isopropylthio2β2D2galactoside) was added to

induce the expression to final concentration 1 mM, and

the culture was incubated additionally for 3 h. The cells

were centrifuged at 4000 rpm for 15 min (Megafuge 2.0

R, Heraeus Instruments, Germany). For preparative pro2

duction of recombinant protein the volume of the cell

culture was increased to 2502500 ml.

Electrophoretic analysis of the recombinant protein.
A 100 µl sample of cell culture after expression was mixed

with 30 µl of 4× sample buffer (0.25 M Tris2HCl, pH 6.8,

8% SDS, 40% (v/v) glycerol, 20% (v/v) 22mercap2

toethanol, 0.02% (w/v) bromphenol blue), heated for 3 min

at 100°C, and then 10230 µl were loaded on a gel.

SDS electrophoresis was run in 15% polyacrylamide

gel according to the Laemmli method [13]. Gels were

stained with 0.3% Coomassie R (Sigma, USA) in acetic

acid–ethanol–water (1 : 3 : 6 v/v) solution and destained

with 50% ethanol and 7% acetic acid solution. As markers,

the standard LMW protein mixture (Pharmacia, Sweden)

containing α2lactalbumin (14.4 kD), trypsin inhibitor

(20.1 kD), carboanhydrase (30.0 kD), ovalbumin (43.0 kD),

albumin (67.0 kD), and phosphorylase B (94 kD) was used.

Preparation of cell lysates. A 0.52ml sample of cell

culture was pelleted and resuspended in 100 µl of DMM

(102fold diluted M9 salt buffer containing 20 mM

MgSO4) and incubated with lysozyme (0.5 mg/ml) and

DNAse I (0.05 mg/ml) for 10 min at room temperature.

The mixture then was subjected to three cycles of freezing

in liquid nitrogen with subsequent thawing in a water bath

at 30°C. The lysate was centrifuged at 12,000g for 2 min,

and the freshly prepared supernatant was used in the in

vitro complementation assay.

Preparation of concentrated 11–6particle suspension.
A plaque of CR63 phage lysis from top agar was extracted

and transferred into 0.5 ml of physiological solution con2

taining 20 mM MgSO4 and incubated for 1 h at room

temperature; this solution was used for infecting 5 ml of

liquid culture of E. coli CR63 in exponential growth phase

with 2⋅108 cells per ml with following incubation for 16 h

at 25°C. The cells were lysed by adding 223 drops of chlo2

roform. The debris was removed by centrifuging at 15,000 rpm

for 10 min. The titer of infective particles was ~5⋅1010

plaque forming units per ml.

Preparation of defective extract of 11–6particles. Cell

extract containing T4 phage 11–2particles were prepared

as described in [14]. E. coli Be/1 cells were grown in 50 ml

of 2×TY medium containing 5 mM MgSO4 at 37°C to a

density of 2⋅108 cells/ml and infected by the amber

mutant N128 with multiplicity of 5. After incubation for

15 min at 30°C, the concentration of MgSO4 was

increased to 20 mM and the culture was additionally

incubated for 20 min. The cells were pelleted at 4000 rpm

for 20 min and resuspended in 2 ml of DMM containing

0.05 mg/ml DNAse I. Aliquots were stored at –70°C.

Complementation assay in vitro. A 202µl sample of

defective extract was mixed with 20 µl of cell lysate con2

taining the expressed protein. The mixture was incubated

for 2 h at 30°C. During incubation, 5 µl aliquots were

diluted 10002fold in physiological solution and titrated

using E. coli CR63 cells.

Isolation and purification of the recombinant protein.
Frozen cells were resuspended in 4210 ml of 20 mM Tris2

HCl buffer, pH 7.8, and lysed for 20 min at room temper2

ature with lysozyme (0.1 mg/ml). The cell suspension was

sonicated for 2 min, and cellular debris was removed by

centrifuging for 10 min at 12,000g. Nucleic acids and

accompanying proteins were removed by adding 30%

(w/v) streptomycin sulfate solution to final concentration

3% and incubation for 15 min at 4°C. The precipitate was

centrifuged under the same conditions. Saturated ammo2

nium sulfate was slowly added to the supernatant to final

concentration 25230%, and the mixture was incubated for

1 h on ice. After centrifugation, the pellet containing pro2

tein was resuspended in 10 mM Tris2HCl buffer, pH 7.8,

and dialyzed against the same buffer overnight. The pro2

tein solution was loaded onto a column (1 × 5 cm) packed

by hydroxyapatite (HAP) (Bio2Rad, USA) equilibrated

with 10 mM sodium phosphate buffer, pH 7.8. The pro2

tein was eluted using the same buffer, and the fractions

were analyzed by electrophoresis.

UV spectroscopy. Absorption spectra were recorded

at 25°C using a Cary 219 (Varian, USA) spectrophotome2

ter over the 2402400 nm wavelength range with 1 nm res2
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olution. All spectra were corrected for turbidity [15]. The

absorption coefficient was obtained by a nitrogen micro

method [16] assuming the nitrogen content of 16.6%. The

measurements were recorded in 0.1 M sodium phosphate

buffer, pH 7.2.

CD spectroscopy. CD spectra were recorded using a J2

600 (JASCO, Japan) apparatus. For calculation of the molar

ellipticity per amino acid residue, the value of the mean

residue weight was taken as 107.5 daltons. The secondary

structure was calculated using published methods [17, 18].

Gel filtration. Analytical gel filtration of purified gp11

was carried out on a column (1.4 × 30 cm) packed with

Superose 12 (FPLC, Pharmacia Biotech, Sweden) in 50 mM

Tris2HCl buffer, pH 8.0, containing 1 mM EDTA with

flow rate 0.2 ml/min. The column was calibrated with

albumin (67.0 kD) and chymotrypsinogen A (25 kD).

RESULTS AND DISCUSSION

The nucleotide sequence of gene 11 [7, 8] and the

derived amino acid sequence of gp11 are shown in Fig. 1.

The polypeptide chain of the protein contains 219 amino

acids and has molecular weight 23.7 kD.

The DNA fragment containing full2length gene 11

was cloned into the XbaI2BamHI sites of pET219b under

the control of the bacteriophage T7 promoter. The

designed construction was used for production of recom2

binant protein by the BL21(DE3) E. coli strain. The elec2

trophoretic pattern of proteins from cell lysates before

and after induction with IPTG is shown in Fig. 2.

Comparison of lanes 2 and 3 shows the high level expres2

sion of gp11 in E. coli BL21(DE3) cells.

The biological activity of the recombinant protein was

studied in an in vitro complementation assay. The cell lysate

containing recombinant protein was added to the extract of

11–2particles and the number of complemented infective

phage particles was determined. The titer of the phage

increases about two orders of magnitude compared to the

control, this indicating functional activity of the recombi2

nant protein and its proper folding and oligomerization.

For further investigations, gp11 was isolated in

preparative amounts and purified by chromatography on

hydroxyapatite (see “Materials and Methods”).

Electrophoretically pure gp11 was eluted from the col2

umn with 10 mM sodium phosphate buffer, pH 7.8 (Fig.

2, lane 4), this being evidence of low hydrophobicity of

the protein. The molar absorption coefficient for purified

gp11 at 282.5 nm is 27,000 М–1⋅cm–1.

To estimate the oligomeric organization of gp11, its

resistance to detergent (SDS) at concentrations used for

electrophoresis in polyacrylamide gel under denaturing

conditions (2%) was investigated. As established earlier,

some phage T4 structural proteins (fibritin, gp9, and also

number of its deletion fragments) are stable trimers that

are resistant to SDS treatment. In the presence of 2% SDS

in polyacrylamide gel electrophoresis without preliminary

heating of samples for 5 min at 95°C, all these proteins

migrate with apparent molecular weights corresponding to

their trimeric forms [19, 20]. The analysis of heated and

unheated samples of gp11 in an SDS2polyacrylamide gel

showed that both samples migrate identically with an

apparent molecular weight corresponding to the

monomeric form of the protein (data not shown), this

indicating labile oligomeric structure with respect to SDS.

To estimate the oligomeric organization of the

recombinant protein, gel filtration of purified gp11 was

carried out. Two proteins (chymotrypsinogen A and albu2

min) having molecular weights close to those for the

monomeric and trimeric forms of gp11, respectively, were

used as markers for calibration of a column. The gel2fil2

tration data are shown in Fig. 3. Gp11 (peak 3) was elut2

ed at a volume appropriate to the elution volume of albu2

min (peak 1), this indicating that the recombinant protein

is a trimer. Our results are in agreement with earlier

obtained data showing trimeric organization of native

gp11 isolated from an extract of (10–) phage mutant [5].

The shares of various types of structure in gp11 were

calculated using data from circular dichroism spec2

troscopy. CD spectra for the recombinant protein in the

far (а) and near (b) UV ranges are presented in Fig. 4. The

predicted secondary structure elements of gp11 calculat2

ed by two different methods are shown in the table. The

polypeptide chain of gp11 contains 21223% of α2helical

segments and 20234% of β2structure; thus, the protein

can be assigned to the class of α/β structural proteins.

The secondary structure of the protein based on the

derived gp11 amino acid sequence was predicted using the

ALB program [21]. The distribution of the predicted sec2

ondary structure elements in the gp11 molecule is shown

Method

Chang, 1978

Provencher, 1981

R

0.405

0.33 ± 0.01

Calculation of the secondary structure of gp11

βt

0.17

0.12 ± 0.01

β

0.195

0.34 ± 0.01

α

0.23

0.21 ± 0.01

Secondary structure
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Fig. 1. Nucleotide and derived amino acid sequences of gp11 with predicted secondary structure elements. Secondary structure elements:

H, α2helix, high probability; h, α2helix, low probability; B, β2structure; S, β2strand; Т, bend.
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in Fig. 1. The protein contains approximately identical

amount of α2helices and β2structure (20 and 22%,

respectively), this being in good agreement with the

results of the CD spectroscopy.

Thus, a plasmid vector has been constructed and a

system for expression and purification of biologically

active recombinant gp11 has been developed. It was esti2

mated that the biologically active protein is a trimer. CD

spectroscopy data and secondary structure prediction

indicate that gp11 is an α/β structural protein. We recent2

ly obtained crystals of gp11, and now we are finishing the

determination of its spatial structure using X2ray crystal2

lographic analysis.

kD
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43 —

30 —
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14 —

1                     2                  3               4

Fig. 2. Electrophoretic analysis in 15% SDS2polyacrylamide

gel of the recombinant gp11 after expression (3) and purifica2

tion (4). 1) Marker proteins; 2) E. coli cell lysate before induc2

tion.
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Fig. 3. Gel filtration on Superose 12: mixture of albumin (1)

and chymotrypsinogen A (2); gp11 (3). Flow rate is 0.2 ml/min.
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Note added in proof: The X2ray structure of gp11 has

been solved recently (Leiman, P. G., Kostyuchenko, V.

A., Shneider, M. M., Kurochkina, L. P., Mesyanzhinov,

V. V., and Rossmann, M. G. (2000) J. Mol. Biol., 30, 9752

985).
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