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Abstract

A convenient method for the preparation of a lipopolysaccharide (LPS) with receptor activity
of bacteriophage ¢ X174 from large amounts of the dried and defatted cells of Escherichia coli C
strain was established. An improvement on bacterium cultivation led to yield over T5g of the
dried and defatted cells (309g wet cells) {rom6L culture medium containing 4% wt.v of
D-glucose as a carbon source and 1 %wtv of ammonium sulfate as a nitrogen source. The
modified PCP method afforded 2.25g of LPS (3.0% yield from the cells) from 75g of the dried and
defatted cells. It was confirmed that the obtained LPS showedin vitro an inactivation of
bacteriophage ¢ X174 from a plaque counting assay.
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Introduction

Bacteriophage ¢ X174 is one of the simplest phages having a circular single stranded DNA as a
genetic information, which was first isolated by Sinsheimer,” It recognizes lipopolysaccharides
(LPSs) of the rough mutants of enterobacteria, such as Escherichia coli C, Salmonella typhimurium
rfb, and Shigella soneiete. as a receptor molecule for the host cell recognition.” Feige et al. reported
from comparative studies using some LPSs lacking terminal sugars prepared from mutants that the
terminal pentasaccharide in the LPS from E.coliC plays an important role in the recognition.”
Although their biological approach determined the primary structure of the receptor LPS for the
infection to the host cell, so many hidden steps to be clarified in the recognition event still remained
as a black box.

We have been paying attention to this interaction between bacteriophage ¢ X174 and LPS of E.coli
C through some approaches such as the chemical synthesis® and the conformation analysis® of the
terminal pentasaccharide because of the simplest models of virus recognition of its host cells. We
also envisage the chemical degradation of LPS of E.coliC to prepare the terminal penta or
polysaccharide as an alternative approach, because the polysaccharide (PS), derived from LPS by
weak acid hydrolysis, were found to competitively inhibit the phage inactivation activity of LPS.Y
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For the purpose of these studies, we need to prepare a large amount of LPS as a starting material of
chemical and enzymatic modification. We will report here the establishment of a conventional
method for the large scale preparation of LPS of E.coli C having receptor activity for bacteriophage
¢ X174.

Materials and Methods

General procedure

Turbidity was measured by absorbance at 600 nm using a Shimadzu UV 150-02 spectrometer. The
fermentaion of Escherichia coli C strain was performed with an ABLE BIOMASTER-DI10 jarfermenter
(10L) equipped with a pH statting pump. All chemicals were purchased from Nacalai Tesque (Kyoto
Japan) and used without further purification. Irradiation of ultrasound for washing or extraction of the
bacterial cells was performed with Iuchi ULTRASONIC CLEANER VS-150 apparatus.

Culture conditions

One litter of the final medium contained the following ingredients: 40g D-glucose, 10g (NH,).S0,, 5g
yeast extract, 0.6g MgSO., 0.5g KH.PO., 1g K.HPO,, and3g NaCl. The pH of the solution was
adjusted to 7.2by 2M NaOH and then IM CaCl: (6mlL) was added to the solution. Antifoam AF
suspension (3.2g paste in40ml deionized water) and D-glucose solution (240g in 400 mL deionized
water) were sterilized separately.

Cultivation was carried out 37 C in laboratory fermenter ABLE BIOMASTER-D10in 6 L. quantities.
For inoculation, 200 mL of shaking culture (6h, 37°C) containing 1 % D-glucose, 0.5 % NaCl, 0.5 % yeast
extract, and IM CaCl: 10 u L, was used. In fermenter vessel, an aeration rate of 4.2 L. per min for6 1L
medium (70 % aeration) was used. The pH was kept at 6.8 by using 30 %wt”v NaOH. The bacterial
growth was monitored by ODaww. The cells were harvested by centrifugation (5000 X g, 15min). The
cell paste was washed successively with ethanol, acetone and diethyl ether, and dried under reduced

pressure over CaCl. for 1 week. The dried and defatted weight of E.coli C cells were T4.6 g.

Extraction of LPS”

The cells (74.6g) were placed in a centrifuge tubes (stainless steel 60 mm ¢ X 145 mm height) and
suspended with 300 mL of the PCP extraction mixture (90 % v/v aqueous phenol: CHCl:: petroleum
ether =2:5:8v,v./v). The suspension was stirred for 15 min at room temperature under irradiation of
ultrasound by IUCHI ULTRASONIC CLEARNER VS-150 (50kHz, 120W). The cells were centrifuged off
(5000 Xg, 15min) and the supernatant was collected in a round flask. The precipitated cells were
extracted once more with the same volume of the PCP mixture and centrifuged as above and the
supernatant was added to the first extract. The extraction was repeated four times. The combined
supernatant was evaporated at45 °C to remove completely chloroform and petroleum ether. The
remained phenol solution was transferred intc a centrifuge tubes and deionized water (40ml) was
added dropwise until the LPS precipitated. The precipitated LPS was centrifuged (3500 rpm, 20 min),
and the supernatani was decanted. The viscous precipitate was washed three times with 80% v./v

aqueous phenol (60mL) and acetone (60mL), respectively. The LPS was dissolved in deionized water
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and lyophilized for 1 week to afford LPS2.25g (8.0 % yield from the dried and defatted cells).

Estimation of receptor activity of LPS

According to the reported procedures,*™' the phage receptor activity of LPS was measured as a
survival ratio of ¢X174 after treatment with various concentration of the extracted LPS (107", 107°, and
0 mg,/mL). In the small tube, ¢ X174 (3.54 x10° p.f.u./mL): 10 L was incubated with LPS solutions
(107, 107%, and O mg/mL): 100 £ L, and 0.01 M Tris-HCl buffer [pH 8.1 containing KCl (6% wt./v),
NaCl (1% wt./v), and CaCl. (0.01 9% wt./v)]: 830 L forlh at37°C. An aliquot (100 # L) was
withdrawn, diluted with the same buffer, and assayed for plaque-forming ability on E.coli C by the agar

’ After the agar plates were incubated for3h at37 °C, the numbers of

overlayer method of Adams.”
plague were counted. The survival ratio of phage was calculated by division of the plaque numbers after
1 h treatment with LPS by the numbers of 0 h control which was spread on a agar plate immediately after

addition of an LLPS solution.

Results and Discussion

Relative low nutrient media were often applied for the cultivation of gram negative bacteria for the

12 ~177}

preparation of LPS. The concentration of sugars through0.1to 1.6 % wt/v have been used as a

carbon source. However, such concentration seemed to be disadvantage for the large scale preparation

8,18

of cells. When we have employed a medium which applied in literatures®'™ containing 0.2 % wt /v
D-glucose, only 5.8 g of the dried and defatted cells of E.coli C were obtained from 6 L culture, and ca. 100
mg of LPS was yielded. In order to improve the yield of LPS, an elevation of biomass seemed to be
neccessary because LPS is one of an essential component of outer membrane of gram negative bacteria.
So, we attempted to cultivate E.coli C in a rich medium.

Asg a preliminary experiment, a medium containing 1% of D-glucose was tested according to the
literature for the preparation of LPS of E.coli B.'"® The 8h cultivation afforded 19.2 g of the dried and
defatted cells from 6 L culture. Then, a rich medium containing 4 % wt./v of D-glucose and 1 % wt./v of
ammonium sulfate was applied. Furthermore, the cultivation was performed by a jarfermenter. The
bacterial growth was monitored by ODswm. (Fig.1). The growth curve showed a plateau reached at 8.5h
cultivation. The harvested wet cells (309 g) were defatted by washing successively with ethanol, acetone,
and diethyl ether under sonication and dried over CaCl: under reduced pressure for 1 week to afford
74.6 g of the dried and defatted cells. By increasing D-glucose concentration from 0.2to4 % wt./v, the
biomass of E. coli C gained at least twelve folds.

The LPS was prepared from the dried and defatted cells by the phenol-chloroform-petroleum ether
(PCP) extraction method, according to the procedure described by Galanos” with some modifications.
For conventional operation, irradiation of ultrasound by a laboratory cleaner was used instead of a
mechanical homogenizer for suspending the cells with PCP extraction mixture. Because the purpose of
this treatment was not meant to break the cells but to obtain them in a fine suspension, a 15 min
irradiation of ultrasound (50kHz, 120 W) by a laboratory cleaner was sufficient. The four times
repetition of extractions were the optimal, since the amount of the LPS did not increase when the

extractions were repeated more than b times. The amount of extracted LPS was 2.25 g, the yield of LPS
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Fig. 1. Growth curve of E.coli C.
Culture conditions: One litter medium contained
D-glucose (40g), (NH.).S0, (10g), yeast extract
(5g), MgSO: (0.6g), KH.PO:. (0.5g), K:HPO,
(1.0g), NaCl (3g), cultivated in 6L quantity, pH
6.8, 37°C 8.5h, 70% aeration, 500 rpm stirring.

was 3.0 % wt from the dried and defatted cells. Scherecht et al.”” reported that the yield of LPS did not
increase when Salmonella sp.s were cultivated in a D-glucose-rich medium (3 % wt./v) for elevation of
biomass. The present LPS’s yield, 3.0 % wt from the dried and defatted cells, was slightly larger than

that of our previous condition described above (2-2.5 % wt).

- 2283 23-25)

Some papers reported that the culiure conditions, nutrients, or aeration, altered quantity and
quality of LPSs of gram negative bacteria. For example, the LPS derived from the cells grown at high
cultivation temperature (37 °C) had low inactivating activity for some phages than that grown at low

pLR

temperature (25 °C),*" and the extracted LPS was next examined whether it has a desired ¢ X174-
inactivating activity.

¢ X174 undergoes an eclipse reaction to release its DNA when it contacts in vitro with the isolated
receptor, LPS.® Once phage released its DNA, it loses the infectivity for the host cells. Hence, the
extracted LPS is expecied to deprive the infectivity of ¢ X174 to the host cell, if the LPS could be
recognized by ¢ X174 as a receptor. According to the reported procedures,**'” the receptor activity of
LPS for ¢ X174 was determined by monitoring the loss of phage infectivity after 1 h treatment at 37 °C in
the presence of various concentraion of LPS (107, 107°, and O0mg/mL). The Fig. 2. describes the
relationship between LPS concentration and the residual infectivity of ¢ X174, The survival ratio of phage
decreased when the concentration of LPS (from 107 to 107°* mg./mL) was increased. When the LPS

extracted from the cells grown at a D-glucose-rich medium was compared with the LPS {from the cells
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Fig. 2. Receptor activity of the extracted LPS from the cells grown at different media.
@ the extracted LPS from the cell grown at a D-glucose-rich medium (4 Bwt.v)
B the extracted LPS from the cell grown at a D-glucose-poor medium (0.2%wt,v)
Conditions: ¢ X174 (8.54 X 10° p.f.u. /mL): 10 # L, LPS solutions (107*,107%, and
0 mg/mL): 100 L, 0.0IM Tris-HCIl buffer [pH8.1, containing KCl (6 % wt./v), NaCl
(1% wt/v), CaCly (0.01 % wt/v)]: 8901, 37°C, 1 h incubation. The survived phages
were counted by the agar overlayer method by Adams™.
Inset: Time dependence of inactivation of ¢ X174 by the extracted LPS (107" mg/mL)
from the cell grown at a D-glucose-rich medium.

grown at a D-glucose-poor medium, both LPSs showed the inactivation of the phage in quite similar
manner. Inset of Fig. 2. shows the time dependence on inactivation of phages by the extracted LPS
(10" mg/mL) from the cell grown at a D-glucose-rich medium. The degree of inactivation obeys typical
first order kinetics.” From these results, both LPSs extracted from the cells grown at different media
were estimated equivalent with a receptor of ¢ X174,

In summary, we established the conventional method for a large scale preparation of LPS from E.coli
C strain with receptor activity of bacteriophage ¢ X174. The present method would be of advantage as a

primitive tool of the research of the recognition mechanism between ¢ X174 and the receptor LPS.
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