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tion of cellular pfoteins and 1ipids-was accomplished by
vigorously shaking the mixture in a volumetric flask on
a mechanical reciprocal shaker in a 4° cold room for ten
minutes. The resulting emulsion was separated into three
.1ayers by a ten minute centrifugation at 16,300 x g in a
Sorvall RC-2 cenfrifuge at 4°c.

The viscous upper aqueous phase contained the DNA,
and was carefully siphoned off. The interphase consisted
of denatured profein, and the bottom phase of lipids and
préteins in chloroform. The upper phase was again extracted
with an equal volume of chloroform-alcohol, and the procedure
repeated five times until a white protein precipitate was
no longer visible at the interphase.

Ethanol precipitation. The DNA preparation was

precipitated with twice its volume of 95% ethanol in the
‘following manner: the DNA-containing aqueous pgase was
placed in a beaker in an ice-water bath. Ethanol was
added in drops by means of a separatory funnel while the
contents were being slowly stirred by a cork—screw shaped
glass rod. DNA precipitated around the rod and was
removed. Excess liquid was drained by pressing the rod
against the sides of the beakef. The yield of DNA at this

point was about 1.4 grams of DNA in wet weight from 16

grams of cell paste.

Resuspensién of DNA. The DNA precipitate was

generally very difficult to dissolve, and was best dissolved
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by suspending it in 80 ml of a low‘ionic'sfrength buffer
containing 0.015M NaCl1-~0.0015M NaCitrate, pH 7 (i.e., in
1/10x "SSC" buffer) with overnight shaking. When solution
was complete, it was made "standard" in salt concentration
by adding 1/10 volﬁme of a 10xSSc solution.

RNase treatment. 8.8 mg. pancreatic RNase, dissolved

in 1 ml SSC buffér, was heated for 10 minutes at 80°C in a
water bath in order to destroy possible contaminating DNase
activity. After cooling, the solution was added to 88 ml

* of DNA solution to a final concentration of 100 ug/ml.
Incubation was carried out at 37°C for two hours. RNése
was then removed by making the solution 1M in sodium perchl-
orate and extracting it six times with chloroform-alcohol,
followed by ethanol precipitation and resuspension in
buffer as described,

Isopropanol precipitation. Finally, trace amounts

of RNA and polysacq%rides were removed by making the
preparation 0.3M in sodium acetate by'adding 1/10 volume
of a 3M sodium acetate buffer. This provided a favourable
ionic environment for subsequent isopropanol precipitatiqh.
Exactly 0.54 volume of isopronanol was added in drops in
as Hhat o which .

much the same mannerhethanol precipitation was performed.
The DNA precipitate at this stage appeared clear, rather

than milky as it did just after ethanol precipitation. It

was resuspended in 1/10 SSC with overnight shaking, and



Resulzi

The yield of DNA from 16 grams of cell paste was
20 mg, estimated from its absorbance at 260 mu, on the

basis that a one per cent solution of DNA gives an absocrb-

1% _
lem

The levels of protein and RNA contamination in the

ance of 200 units in a l-cm cell (di.e. E 200).

" DNA preparation were less than 2%, as estimated by the

phenol reaction of Lowry, Rosebrough, Farr & Randall (1951)
and orcinol reaction of Schneider (1857). Figure 4

shows the absorption spectrum of the purified DNA preparation.
The absorbance ratio at 280/260 was 0.53. The 260/230

ratio was 2.23,

" The presence of two species of DNA in DNA so pre-
pared'is clearly shown in an ultiraviolet photograph taken
during isopycnic centrifugation in a Model E analytical
ultracentrifuge. As shown in figure 5, the DNA bands,
starting from right to left, are 'those of SB139E, the
satellite, and the main band. The calculated values for the
density df the satellite and the main band were 1.716 and
1.725 g/ml, respectively, by the relationship given by
Sueoka (1961). Although both densities were 0.002 g/ml
less dense than those reported by Joshi, Guild & Handler
(1963), the density difference between the two species
- was consistent with their reported value. .Moore & McCarthy
(1869b), on the other hand, cited values of 1.718 and

1.725 g/ml, respectively. Our results therefore agree
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within expérimental error with those reported.

| Figure 6 shows a density profile of chloroform-
e%tracted DNA upon preparafive'centrifugation. The
satellite DNA is seen as a prominent shoulder on the light
density side of the gradient. Its propbrtion, estimated
by weighing the areas under the curve, is about 19-20% of
the total. This is in good agreement with that reported
by sthi, Guild €& Handler (1963), and by Moore & McCarthy
(1869b). In all three cases, DNA was prepared from late
log phase of growth by the method of‘Marmur (1961). Thus
it seems clear at this stage that the amount of satellite

remains constant whenever DNA is extracted by chloroform.

(b) Isolation of DNA by Phenol-pH 9 and Riase

Isolation Procedure

Unless specified, the operational details of the
procedure were similar to those described for chloroform
extraction. The salient feature of the present method
is that protein ié denatured by a single phenol extraction.

PreparatiOn'of phenol-pH 9 buffer. Loose crystal-

line phenol (200 grams) was freshly redistilled immediately
prior to use in order to remove trace‘amOunts’of oxidized
forms of the compound which might otherwise affect effective
extraction of DNA. Redistilled phenol, which boiled at
1820C, was saturated with an alkaline buffer containing

0.1M tris-HC1-1% sodium dodecyl.sulphateno.lM NaCl, pH 9 at

o . _
47C. This corresponded to 80% (w/w) phenol.
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Figure 4. Ultraviolet Abéorptioh‘Spectrum of DNA purified

by Chloroform and RNase

0.5 ml of DNA solution in 0.15M NaCl~0.015M
NaCitrate, pH 7 buffer was diluted six times with the same
buffer. The absorption spectrum was taken by a Unicam

SP 800A spetrophotometer, using l-cm cells,
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Figure 5. Ultraviolet Absorption Photograph of DNA

Purified by Chloroform and RNase

Picture was taken 18 hours after centrifugation in
a Beékman Spinco Model E analytical centrifuge at U4,770
r.p.m. at 25°C. The DNA band at the far right was that
of SB19E, and was used as reference (buoyant density

= 1,703 g/ml).
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Figure 6. Density Profile of DNA Purified by Chloroform

and RNase.

The dehsity gradient consisted of 5 ml of 53% (w/w)
cesium chloride in 0.02M Tris, pH 8 buffer containing 0.3
0.D. halopﬁilic DNA. Centrifugatioh was performed in a
Spinco SW 50 rotor at 33,000 r.p.m. for 62 hours, 25°C.

8 drop-fractions were collected from the bottom of
the centrifuge tube through a 23-gauge needle. The appro-
priate fractions were diluted with SSC buffer to 1l-ml |
volumes, and the absorbance'of each.fraction read at 260 mu
in a Beckman DU spectrophotometer, using l-cm cells.
Buoyant densities of the peaks were estimated from their
refractive indices, using the relétionship given by Ifft,

Voet & Vinograd (1961).
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Phenol extraction. Tris-SDS-pH 9 buffer (160 mls)

was added to 16 grams of cell paste, harvested in late

Mwiog phase of growth from fbur litres of culture, so that

the lysate concentration was 10 ml of buffer per gram of cell
paste. An equal volume of the saturatéd phenol-buffer

was added to the lysate suspension.; and the mixture

shaken vigorously for 20 minutes in a mechanical reciprocall
shakér in the cold. Conditions for centrifuging the emulsion
and siphoning the aqueous DNA phase were described in the

- -previous section.

RNase treatment. Although Saito & Miura (1963)

Aadvocated using a combination of pancreatic RNase and T1
RNase so that ribonuclgotide sequences résistant to one
type of RNase action would not be so to the other type,
we have obtained less than 1% RNA content in some of our
DNA preparation by pancreatic RNase activity alone. The
RNase, following heating in SSC buffer to destroy possible
DNase activity, was added to the DNA solution to a final
concentration of 100 ﬁg/ml under incubation conditions
described in the previous section.
Results .

Purified DNA was obtained in high yield. Up to
3% mg of DNA was recovered from 16 grams of cell paste.
This is about twice the amount recovered in the previous
procedure., The high recovery Qas undoubtedly due to fewer

number of extraction necescary by phenol so that loss of
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DNA was minimized.

AThe level of protein content in five preparations of
DNA was less than 2%. RNA content was less than 4%, and
was at 1% level in two of the preparations. The level of
purity given by the phenol procedure is therefore comparable
to that.by the chioroform. Figure 7'shows.an absorption
spectrum of the purified DNA. The absorbance ratio at
280/260 was 0.56. The ratio at 260/230 was 2.28.

Figure 8 shows the density profile of phenol-
exfracted DNA upon preparative centrifugation. The presence
of a satellite component is indicated by a shoulder on the
light density side of the gradient. Its proportion is
about 20% of the total. The calculéted densities of the
DNA péaks, however, are slightly higher than those of
figures 5 and 6, although the intrinsic density difference
‘between the two species (0.009 g/ml) is consistent with
that in figure 5. The discrepancy probably represents
experimental errors involved in refractive indexbmeasureQ
ment.

The presence of a satellife component is more
clearly demonstrated in an enlarged ISCO.tracing, showing
the density profile of DNA peaks in a shallower density
gradient (figure 9). The DNA peaks, from right to left, are
those of salmon sperm reference, thelsatellite, and the main
band. The satellite is again 19-20% of the total. ‘The.

densities of the halophilic DNA ave approximated by their
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Figure 7. Ultraviolet Absorption Spectrum of DNA purified

by Phenol and RNase.

0.5 ml of DNA solution in 0.15M NaCl~0.015 NaCitrate,

pH 7 was diluted six times with ‘the same buffer.
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Figure 8. Density Profile of DNA Purified by Phenol and

RNase.
Conditions of centrifugation and collection of the

gradient were as described in figure 6.
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Figure 9. Ultraviolet Tracing of DNA Purified by Phenol

and RNase.

The gradient consisted of 2.5 ml of a 49% (w/w)
solution of cesium chloride in an 0.02M Tris, pH 8 buffer
over an equal volume of a 64% (w/w) solution of cesium
chloride containing 0.05 0.D. halophilic DNA and 0.03
0.D. commercial salmon sperm DNA. Centrifugation was
performed in a Spinco SW 50 rotor at 42,000 r.p.m. for 14
hours at 250C, and then at 30,000 r.p.m. for 24 hours.
‘The tracing shown is an enlargement of a smaller tracing
given by an ISCO Model i?O ultraviolet analyzer at 25umu,

at a scan speed of 0.2 ml/minute.
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positions from salmon sperm DNA as described earlier on.

In view of the constancy in the amount of the satellite,

it seems evident that its presenée in the halophilic
bacteria is independent of phenol treatment, contrary to
the case in crab d(AnT)HriCh satellite (Skinner & Triplett,
1967).

~(c) Isolation of DNA by Polyethylene Glycol-Dextran Phase

Extraction.

General Description of the Polymer Phase System

Definition of partitionlcoefficient (Berg, 1963).

Liquid-liquid extraction is a partitioning process based on
the selective distribution of a third component in two
immiscible phases., The distribution of this third
component between the itwo phases follows the distribution

law when the system is at equilibriumf

= D = distribution coefficient

where cl.and c, represent the concentration of the third
component in the upper and lbwer phases, respectively and
D is a constant. Such an expression of the distribution
law is valid only for ideal system. In practice, the
distribution often deviates from this law owing to the
association or dissmciation of the solute molecules in one

or both phases. The solute molecules may -even undergo a

change in structure or composition as they change phases.
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An exact expression of the distribution law therefore states

that
| gl = K = partition coefficient

where a. and a, represent the activity of the third component

1 2
in the upper and lower phases, respectively, and K is a
consfant.

Nonetheless, the partition coefficient for a dilute
solution approaches the distributioﬂ coefficient, and

therefore may be adequately expressed as a concentration

ratio,.

Application of the Brénsted approximation to phase
systems.
Partition of a component in a phase system generally obeys

the Brénsted approximation (1931la, 1931b):

Sl o JMWRT
C

2
where cq and c, repreéent the concentration of the component
in the upper and lower phases,_respectively, K the partition
coefficient, R the,gas constant, T the absolute temperature,
M the molecular weight of the partitioned coﬁponent, and »
is a constant which depends on the physical and chemical
properties of the phases and the bartitioned component.
These preperties include the ionic strength of the phases,

the charged groups on the partitioned molecule, hydrophilic
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and hydrophobic gréups of the phase polymers and the
pqrtitioned molecule, their structure and molecular weight,
and so on. The combined effect of these factors on the
value of XN is therefore difficult to predict. Nonétheless,
one may deduce from the above formula that even with small
changes in the value of », K should change drastically if

M is sufficiently large, as with biologicai macromolecules,
Thus, even with a small positive change in » , K can still

" be very large. On the other hand, with a small change in X\
to the negative sign, K will become very small.

In short, the Brédnsted equation states that a small
éhange in the phase composifion will cause macromolecules
to be transferred effectively from one phase to the other.
This is the theoretical basis underlying the polyethvlene
- glycol-dextran phase syétem for the isolation of DNA.

. Extraction Procedure

The operational details to be described represent
a synthesis of various techniques described by Albertsson
(1965, 1967) and Favre & Pettijohn (1967) so that the most
effective procedure may be perforﬁed using relatively
simple equipment. For example, the procedure of Favre §&
Pettijohn was adopted as the authors claimed that it gave
a higher level of purity with less extraction steps than
that of Rudin & Albertsson (1867). As this procedure
called for use of a counter-current extraction apparatué

for equilibration, the alternative approach of simply
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mixing the contents by hand in a separatofy-funnel was
adopted.

The complete procedure,lin summary, consists of
the following:
" (1) One extraction of lysate with chloroform to denature
and remove protein, lest naturall§ occurring protein-DNA
complexes (e.g., polymerasenDNA complexes) be isolated
instead of naked DNA (Favre & Pettijohn, 1967); (2) over-
night dialysis of the DNA~containing aqueous phase to bring
“the ionic environment to a levellfavourable for phase
partioning; (3) one equilibration in a phase system

2 Y

removes denatured DNAj (4) four equilibrations of the

containing 3mM Na,HPO, and 7mM NaHZPOﬁ buffer. This step

resultant upper phase with twice its volume of a fresh

lower phase containing 5mM NazHPOu and 5mM NaHzPO4 to

remove RNA and remnant protein not removed by chloroform;

(5) four equilibrations in 5mM Na HPO, ~5mM NaH,PO, ~20mM NaCl

2
buffer, using an upper phase volume three times the volume
of the lower phase. These steps concentrate the DNA in the
lower phase and further remove protein and RNA; (6) one
HPO

extraction in fresh 5mM Na and 5mM NaHzPOl1L buffer at

2 b
pH 8.3, using an equal volume of upper phase. This brings
the purified DNA back to the upper phase. The total number

of equilibrations, of course, may be modified, depending

on the level of purity desired.
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Lysate preparation H. salinarium, grown in four

litres.of complex medium (Table 1}, was harvested in late
log phase and washed twice with-NaCl wash medium. As the
ionic environment in the first phase system must be kept

at 3mM Na,HPO, and 7mM NaH,PO, for effective partition, the
cell péste, 16 grams in wet weight, was lysed directly in

a sodium phosphate buffer of the same stréngth so that the
desirable ionic environment could be approached in the
shortest length of time upon dialysis. . The concentration
of the lysate suspension was 10 ml of buffer per gram cf
cell paste.

Removal of protein. The lysate preparation was

extracted once with chloroform, so that DNA could partition
independently of protein-DNA complexes,

Dialysis of the lysate. As trace amounts of chloride

. ions would cause DNA to partition in the bottcom phase, it
was necessary to remove these ioﬁs by dialysis before phase
extraction. In order to ailow for a two-fold dilution in
ionic strength upon equilibration with an equal volume

of phase system, the 160 ml lysaté preparation was dialysed
overnight against twice the ionic strength necessary for

phase partition, i.e., against 6mM Na HPO, and UmM NaH,PO

2 4

Phase equilibration. An equal volume of an aqueous
q 4

mixture containing 8% (w/w) polyethylenz glycol and 10%
(w/w) dextran was equilibrated with 160 ml of the dialyzate

in a 1l-litre capacity separatory funnel by manually
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inverting the vessél thirty times. After 5 minutes of
centrifugation at 16,300 x g in a Sorvall RC-2 centrifuge
at 4°C to hasten phase separation, the dextran-~rich lower
phase was discarded.‘

To the upper phase containing DNA was added twice
its volume of a lower phase contalnlng 5mM each of haQHPOLL
and NaHZPOu which had been held in reserve. After another
thirty times of equilibration, and 5 minutes of centrifugation,
the lower phase was again discarded. Again, twice its
Voiume of fresh lower phase was added, and the procedure
was repeated to a total of four times.

Fufther purification was achieved by adding 0.187
grams of solid NaCl directly to the 160 ml phase system
to a final molarity of 20mM in NaCl. This concentrated the
DNA into the lower phase. The upper phase was in turn
discarded, and three times its volume of freshNupper phase
added to the lower phase. The vessel was inverted another
thirty times and centrifuged as described. Theiproceduré
was repeated to a total of four times. Purification of DNA
was now complete. -

Removal of phase polymers. As polyethylene glycol

was much easier than dextran to remove from the DNA
solution, it was desirable to transfer the purified DRA
. from the lower phase into a blank ubper phase. Rather than

using a neutral buffer system described by Favre & Pettijohn

(1%67) which required up to four equilibraticns to transfcr
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'the DNA, we have applied Albertsson's (1965) observation
fhat a high HPOE/HQPOE ratio favoured partition of the

DNA into the upper phase. The neutral buffer system of
Favre & Pettijohn was therefore made alkaline by adding KOH
to pH 8.3 to increase the fraction of HPOE. In three
tests, over 90% of the DNA was recovered upon a single
équilibration in this manner.

Polyethylene glycol could then be quantitatively
removed from the DNA preparation by one extraction with
chloroform (Rudin & Albertsson, 1967). Alternatively, if
cesium chloride density gradient of the DNA is to follow,
no extraction with chloréform is even necessary, as the
polymer floats at the top of the density gradient (Alberts,
1967). | |

Resulgg

The yield of DNA was 2.8 mg per gram cell paste, or
45 mg from 16 grame cell paste, estimated on the basis that
Eiim = 200. The recovery was therefore comparable to that
~obtained by phenol extraction.

Figure 10 sh&ws the absorption spectrum of the
purified DNA. The absorbance ratio at 260.230 was 2.26.
The ratio at 280/260 was 0.52. The latter value was thus
in good agreement with that of 0.53 éited by Rudin &
Albertsson (1967) for purified E. coli DNA containing less

than 1% protein. The protein content estimated by the

colorimetric method was less than 1%. RNA content was



Figure 10. Ultraviolet Absorption Spectrum of DNA Purified

by Polyethylene Glycol and Dextran

DNA solution in 5 mM sodium phosphate buffer was

diluted three times with the same buffer.
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less than 2%.

Figure 11 shows an enlarged ISCO ultraviolet.tracing
of the density profile of the pﬁrified DNA. The satellite,
seen as a prominent shoulder on the light density side of
the gradient, is about 18% of the total area under the
curve. This is consistent with the 19-~20% observed in DNA
prepared by other methods. As denatured DNA is expected
to be selectively removed by the present procedure, the
persistence of two species of DNA in the final product
strongly suggests that both DNA species are fully native.
The partition coefficients of native, denatured, and transfer
RNA from the halophilic bacteria will be examined in the
following section.

(d) Partition Coefficients of DNA

Procedure

In order to define the phase system more precisely,
it was necessary to menitcor the partition coefficients of
macromolecules during.various stages of phase equilibration.
As the ultraviolet absorbance of DNA is directly related to
its concentration, its partition coefficient, i.e., its
concentration ratio between the upper and lower phases,
could be determined from its absorbance ratio between these
two phases.

Clearly, the spéctrcphotomeéric approach would be

valid only if there was no interference due to absorbancy

of protein or RNA, or both. For this reason, a phenol-
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Figure 11. Density Profile of_DNA'Pufified‘by Polyethylene

The preparation of the step-gradient, conditions of
centrifugation, and ultraviolet scanning of the gradient
were similar to those described in figure 9, except that
0.5 0.D. halophilic DNA was included, and that salmon
sperm DNA was omitted in the‘gradiént. 0.25 mi-fractions
were collected while the gradient was being scanned by
the ISCO ultraviolet analyzer, and the refractive indices

of these fractions read.
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purified DNA preparation with less than 2% protein and RNA
content was used as test material. DNA (7ml) at a concen-
tration of 600 ug/ml was dialysed overnight against phosphate
buffer containing 6mM NaQHPOu and 1u4mM NaH, PO, in order to
bring the ionic environment close to that required for
effective partitioning.

Thermal denaturation of DNA. To test the partition

coefficient of denatured DNA in polyethylene glycol-dextran,
DNA was thermally denatured as follows: -
(1) Dilution of the DNA to a low concentration to

reduce the probability of reannealing: 1 ml of the

undialysed DNA solution at a concentration of 600 ug/ml
in "SSC" buffer was diluted ten times with distilled water
so that both the DNA concentration and the ionic strength
of the solution were sufficiently low for denaturation.

(2) Thermal denaturation in the presence of
formaldehyde: 0.05 ml formaldehyde was added to the diluted
DNA solution to a final concentration of 0.5%. The chemical
is believed to prevent strand-reannealing by forming methylene
linkages with the free amino groups of cysteine, guanine,
and adenine made available after strand-separation (as
cited by Mahler & Cordes, 1966). The DNA solution was
then subdivided into three smaller volumes of roughly 3 ml
aliquots in 5-ml capacity pyrex tubes so that thermal
equilibration could be readily established during heating.

The latter period was 20 minutes in a boiling water bath.
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(3) Quick chilling of the éonten%é was performed
by immersing‘the pyrex tubes in an ice=brine bath for 10
minutes.

(4) Concentration of the DNA solution to an 0.D.
level suitable for spectrophotometric analysis: A convenient
Qay of doing this was by means of negative pressure dialysis
using polyethyleﬁe glycol. After chillihg, the contents
were pooled and transferred to a narrow diameter dialysis
tubing, and the ends were tied off.  The dialysis sac was
.placéd in a large beaker and poiyethylenevglycol flakes
were evenly sprinkled around the sac. Within an hour in
the cold, the volume of the cqntents.were reduced from 10 ml

to about 2 ml,.

The concentrated DNA preparation was dialysed over-
night against phosphate buffers corresponding to the ionic
strength at each stage of the phase system, so that

appropriate ionic conditions could be obtained.

Preparation of tRNA. Phenol-purified tRNA from

H. cutirubrum, an extreme halophile of close taxonomic

relationship to H. salinarium, was provided by Mr. B.N.

White.

Determination of partition coefficient. Upon

phase separation, 0.5 ml samples were withdrawn from the
upper and lower phases, diluted with 2.5 ml water, and the
absorbance read at 260 mu in an Unicam SP 8(G0A spectro-

photometer, using l-~cm cells. Small amounts of absorbance
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by the blank phase‘material were corrected from the

sample readings by subtracting 0.02 0.D. and 0.06 O.D.

units from the readings given by the upper and lower phases,
respectively.

Effect of DNA concentration on partition coefficient.

To test the capacity of the phase system to accommodate
different concentrations of DNA, 2 ml of the test material,
after overnight dialysis against 3mM NazHPOq and 7mM NaHZPOu,

was diluted with convenient volumes of the same buffer. The

concentrations of the diluted DNA solution was estimated by
their 0.D. in an Unicam SP 800A spectrophotometer. 2 ml
éamples of the diluted solufions were inverted with equal
volumes of a phase system containing 8% (w/w) polyethylene
glycol and 10% (w/w) dextran in a manner described earlier
on.
. Results

Table 2 compares the partitioﬁ coefficients of
native DNA, denatured DNA; and tRNA from the halophiles
at various ionic conditions to that.cited by Favre &
Pettijohn (1967) for the correspoﬁding molecules from E.

Ccoli.

The pattern of partitioning of halophilic nucleic
acids is quite éimilar to that of E. ccli, with only small
deviations in the absolute values. Native DNA from both
organisms partition in favour of the upper phase in the first

two ionic environments, and in the lower phase in the third.



Table 2a. Raw. Data of Partition Coefficient of DNA and tRNA from Halobacterium

corrected® 0.D.260 in upper phase

. Partition Coefficient = —corrected 0.D. o5q in lower phase
Ionic Environment (mM)
NazHPOu NaHQPOu NaCl Native DNA Denatured DNA tRNA
3 7 0 1.07 . 0.06 - u 0.20 = 1
717 O o3s C 00t 720
5 5 0 1.15 _ 0.21 _ 0.19 _
goT ¢ P 0.23 0.9 ooTe Tt
5 5 20 0.02 _ 0.01 _
T.o7 - 0048 770 - 0-007 -
5 5 10 1.30 o 4 i} -
DH8.3 .15

* Correction made by subtracting 0.02 C0.D. and 0.06 0.D. units from the readings given by
the upper and lower phases, respectively.

BT9



Table 2.

Comparison of Partition Coefficients of Nucleic Acids from Halobacterium

and E. coli

" Partition Coefficients

Ionic Environment (mM)

) Halobacterium E. coli

NaZHPOH NaHZPOu NaCl Native Denatured tRNA . Native Denatured tRNA

DNA DNA DNA DNA

3 7 0 9 0.1u 1 25 0.04 . 0.8
5 5 0 115 0.9 1 160 c.3 1

5 5 20 0.018 0.007 - 0.005 - 0.3

5 5 10.

pH 8.3 g - - - - -

19
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Denatured DNA from both organisms, on the other hand,
partition in the lower phase in all three environments.
Transfer RNA, in comparison, paftitions evenly among the
two phases in the first two environments, so that its amount
becomes reduced twosfold with each equilibration.

Figure 12 shéws the_partitioning tendency of native
~and denatured DNA during phase extraction. Figure 13
démonstrates the capacity of the phase system to accommodate
different concentrations of DNA without altering the
partition coefficient. This was attributed to the highly
aqueous environment of the phase system.

Discussion

It should be clarifiea that extracting the lysate
once with chloroform to separate naturally occurring protein-
DNA complexes does not invalidate theAmany advantages the
polymer phase system holds over conventional procedures,
since (1) extensive treatment with organic solvent is
avoided; (2) no precipitatiqn of DNA is encountered, so
that any danger of alcohol-induced conformational change in
the DNA helix, similar to that observed by Lang (1970),
is avoided; (3) no treatment with RNase is necessary; and
(4) potential organic.solvent-induced artefacts, such as
those Noll & Siutz (1967) spoke of would be eliminated by
the phase system, along with denaturcd DNA.

It is interesting to find that DNA from H. salinarium

obeye the same partition pattern as E. coli DNA. As it



63

has been shown that partition coefficient depends closely
on the conformation of the molecule undergoing partition-
ing, the similarity in partition coefficients may be taken

to mean that, given the ionic environment, the conformation

of halophilic DNA is no diffefent from that of E. coli.

This idea is also suggested by the gimilarity in the 280/260
absorbance ratios given by purified halophilic and E. coli
DNA.- It is possible, however, that DNA froﬁ the extremely
halophilic bacteria in vivo is protected from precipitating
by specific proteins. |

The phenomenon of phase partition raises another
intriguing question. Could a similar mechanism be operative
in vivo? It is possible that transport of macromolecules
from one location in tﬁe cell tc another is brought about
by changes in the local phase ¢omposition, analogous to
the partition of DNA in the phase system. Changes in the
ionic composition in this case may perhaps be initiated
by changes in the permeability of the celi membrane.

Thus far, all‘three extraction procedures gave
similar results: purified DNA invariably contained an
18-20% satellite; the differencés in the densities of the
two species of DNA were within experimental efror; phenol
had no effect on the presence of the satellite; and polywﬂ
ethylene glycol-dextran did not aiter the density profile

of the DNA. Taken together, the results indicate that the

presence of the satellite DNA is unlikely to be due 1o a
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Fig. 12 Partition Coefficients of Native and Denatured

DNA as a Function of Tonic E

The phase system consisted of 4% (w/w) polyethylene

glycol and 5% (w/w) dextran at 4°c.

native DNA; emmmm— thermal.denatured DNA.
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Fig. 13 Partition Coefficient of Native DNA as a Function

of DNA Concentratibn.

The phase system consisted of 4% (w/w) polyethylene glycol

and 5% (w/w) dextran in 3mM Na,HPO, and 7mM NaH,P0,, at 1°c.

2 b



random extraction artefact.
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IV. ON THE PHYSICAL NATURE OF THE SATELLITE DNA

The next aim of the present study is to physically
characterize the satellite DNA, and to establish whether
it originates from the bacterial chromosome during extrac-
tion, as a result of pre-existing "weak linkages" in the
chromosome, or whether it represents DNA element(s) having
its own physical integrity. It was hoped that the satellite
might consist of a number of smali identical molecules of
molecular weights sufficiently different from that of the
main band, such that they might be detected as a separate
peak on a sucrose density gradient.

(a) Fractionation of DNA by Sucrose Density Gradient

Sedimentation

Preparafion of DNA. DNA was isolated by _phenol

-extraction, under conditions described earlier.

Preparation of Sucrose Gradient. Linear gradients

of 35 ml 5-20% (w/w) sucrose in 0.015M NaCl-0.0015M NaCitrate,
pH 7 buffer were prepared by means -of a Buchler gradient
former at speed 5.5, low voltage of peristaltic pump action.
1.5 ml of DNA solution containing 8 O.D.'Waé usually layered
on top of the gradient by means of a pipette.

Linearity of the preformed gradient was checked by
pfeparing a 5 ml gradientvcf 5~20% (w/w) sucrose under similar

conditions. After 2.5 hours of centrifugation at 32,500

69
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r.p.m. at 4°C in a Spinco SW 50L rotor (about the same g
value as that at 27,000 r.p.m. in a SW 27 rotor), 5 drop-
fractions (about 0.08 ml) were coilected from the bottom of
the centrifuge tube through a 23-gauge needle. The

" refractive index of every fifth fraction was read in a
Bausch & Lomb refractometer (figufe 14).

Sucrose gradient sedimentation. Sedimentation was

performed in a Spinco SW 27 rotor from 7 to 14 hours at
27,000 r.p.m. at 4°C.  1-ml fractions were collected by

'puncfuring the bottom of the cenfrifuge tube, and the

absorbance at 260 mu was read in a Unicam SP 800A spectro-
photometer. Fractions under‘each of .the two peaks were
pooled separately and dialysed overnight against 0.015M
NaCl-NaCitrate pH 7 buffer to remove the sucrose for sub-
sequent cesium chloride centrifugation.

Estimation of molecular weights from sedimentation

- values. " The relationship given by Studier (1965) for native

DNA was used:

o) ~ 0.346
850, = 0-0882 M ‘
where Sgo W is the sedimentation coefficient of a given
3

particle in a solvent with the density and viscosity of
water at ZOOC, and M is the molecular weight of the particle.
Results

Figure 15 shows the sedimentation profile of H.

salinarium DNA after 8 hours of sedimentation on a sucrose
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Figure 14. Calibration of the‘Linearity'of

5 ml of a 5-20% (w/w) sucrose in 0.015M NaCl-0.0015M
NaCitrate, pH 7 buffer was prepared by mixing 2.5 ml of a
5% sucrose solution with an equal volume of a 20% solution
by a Buchler_grédient former at speéd 5.5, low voltage of
peristattic pump action. After 2.5 hours of centrifugation
at 32,000 r.p.m. in a SW 50L rotor, 5 drop-fractions were
collected from the bottom of the tubg through a 23-gauge
needle. Refractive index of every fifth fraction was read

in a Bausch & Lomb refractometer.
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gradient. The profile consists of a bréad peak, followed
by‘a slower sédimenting peak near the top of the gradient.
The latter peak varied in proportion, depending on the
preparation. The faster sedimenting peak has a sedimenta-
tion value of 30S, and the slower sedimenting peak of 283,

as estimated from the position of reference E. coli

ribasomes centrifuged in a separate tube. These values
correépond to molecular weights of 2x107 and 9x103 daltons,
respectively, as calculated from the relationship of Studier
(1965). These values may not be aﬁsélute, as Smith,
Schaller & Bonhoeffer (1970) calculated the molecular

weight of a 30S particle to be 3x107 daltons by the
relationship of Burgi & Hershey (1963).

Longer periods bf sedimentation only caused the 308
peak to spread out more diffusely without revealing individual
components within this peak. Samples pooled from this peak
showed the normal proportion of the-satellite upon isopycnic
centrifugation in a cesium chloride gradieﬁt (figure 1l6a).
Samples from the 2S'peak,rhowever, did not give a peak within
the density range of -the gradient {(figure 16b), presumably
because it represented low moleéular weight nucleotide
fragments generated'during phenol extraction.'.A 1:1 0.D.
mixture of the 305 and 28 peaks again gave only the picturé
of the 30S peak (figure 16c).

Sucrose

Sedimentation in an alkélihgradient in the presence

of 0.1N NaOH did not alter the overall profile of the peaks,
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Figure 15. Sucrose Density Gradient Sedimentation Profile

of’ﬁ;'salinariUm DNA

The gradient consisted of 8 0.D. of DNA layered on
top of a linear 5-20% (w/w) sucrose in 0.015M NaCl-0.0015M
NaCitrate, pH 7.‘ Sedimentation in a Spinco SW 27 rotor
was performed for 8 hours at 27,000 r.p.m. at 4°c, 1-ml
fractions were collected from the bottom of the tube

through a 20-gauge needie.
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Figure 16. Density Profile of 30S and 2S DNA Peaks from

Sucrose Gradients.

Three gradients, each consisting of 2.5 ml of 43%
(w/w) cesium chloride in 0.0QM Tris, pH 8 buffer layered
over an equal volume of 64% (w/w) cesium chloride in the
buffer, containing, respectively:

(a) 0.13 0.D. 30S DNA + 0.1 0.D. salmon sperm DNA;

(b) 0.13 0.D. 2SS DNA + 0.1 0.D. salmon sperm DNA;

‘(C) 0.13 0.D. 305 DNA + 0.13 0.D. 2S5 DNA

Centrifugation was performed in a SW 50.1 rotor at
42,000 r.p.m. for 18 hours at QSOC, and then at 30,000 r.p.m.
for 27 hours. The density profiles shown were reproduced
from an ISCO ultraviolet tracing at a scan speed of 0.25 ml/
“minute, Buoyant densities of the-halophilic DNA peaks were
approximated by their positions from salmon sperm DNA

as described.



ABSORBANCE254

_J

\ :

A=

. DE

173 1.703

1.72
NSITY

77



78

even though the peaks sedimented at slower rates. The
latter 6bserVation was in agreement with Studier's (1965)
finding that at low ionic strengths, alkali denatured DNA
has a more extended cénformation than native DNA, hence a
lower'S value.

'These sucrose gradient sedimentation experiments
were not successful in separating thé sateilite from the
bulk DNA. The results from figure 16 clearly shows that
the satellite component sedimented together with the rest
of the 308 component. The latter peak is skewed toward
the denser side of the sucrose gradient, indicating a
heterogenous distribution in‘the mclecular weight in the
preparation. Nonetheless, as a distinct peak corresponding
to an 18-20% satellite is not observed, one must conclude
‘that the molecular weights of both the satellite and the
‘main band in the DNA preparation were sufficiently similar
so that attempts to separate the two species of DNA on the
basis of size differences is impractical. In other words,

the results indicate that, whatever the in vivo molecular

weight of the satellite might have.been, the intrinsic
heterogeneity in the molecular weights of a purified, and
therefore inevitably sheared DNA preparation would have
masked the presence of a discrete satellite peak in a
sucrose density gradient,

Since reducing the molecular weight of bulk DNA

7 . L. . . .
to 2-3x10° daltons did not allow separation of the satellite
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- from the main band, this must mean that'the minimum size
of the satellite is at about the same value. Knowing the
genome size of the halophilic bacteria (2.7 x 10° daltons,
Moore & McCarthy, 1969b), the maximum number of copies of
the satellite must not be moré than 18 to 27 per genome,
depending on whether 2- or 3x10’ daltons is chosen to
represent the molecular weight of a 30S particle. The
true figure probably will be less, since these estimates
were based on the minimum size found in a sheared DNA

preparation.

(b) Fractionation by Ethidium Bromide-~Isopycnic Centri-

fugation

In order to further characterize the satellite DNA,
it was necessary to isolate the component in its intact
physical form, hopefully in the form of a closed circular
duplex. A convenient method of detecting closed circular
duplexes is to subject a DNA preparation suspected of con-
taining such duplexes to isopycnic centrifﬁgation in the
presence of ethidium bromide. The interaction of the
phenanthridine dye with DNA has been studied extensively

. (Le Pecqg, 1965; Waring, 1965), and it has been known tc

S 0
1

bind between DNA base pairs by intercalation, a term
introduced by Lerman (1961). On the basis of model building
studies, Fuller & Waring (1964) concluded that the DNA

helix unwinds by 12° for every molecule of dye bound.

(€}

Vinograd, Lebowitz, Radloff, Watson £ Laipis (1965)
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proposed that closed circular duplex'DNA's'éontain super-
helical turns:which are maintained by chemical forces in

the molecule, although the number‘of these superhelical
turns has subsequently been shown to vary inversely with the
‘ionic strength (Bode & MacHattie, 1968). As these super-
helical turns introduce mechanicai torsional stress into

thg molecule, thrée events occur when such a molecule is
treated with ethidium bromide, depending on the dye concen-~
tration (figure 17, modified after Crawford & Waring, 1967):

(a) at low dye concentrations (less than 5. ug/ml),
a superhelix readily unwinds upon intercalation;

(b) at a critical dye concentration, the super-
helix completely unwinds, so tﬁat the molecule now assumes
~a circular but non-~superhelical conformation;

~(e) at high dye concentrations (greater than 100
ug/ml), further unwinding of the duplex introduces left-
"handed twists instead, so that it_now possesses superhelical
turns in the opposite chemical sense.

The creation of these -new superhelical twists,
however, re-~introduces mechanical torsional stress, as well
as a more ordered conformation, into the DNA, relative to
event (b). These two effects result in an increase in the
free energy of formation-of the DNA~dye complex, and is
energetically unfavourable. Hence, at high dye concentrations,
dye absorption by a superhelical DNA is reS%ricted. On the

other hand, there is less restriction to the absorption of
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Fig. 17 Diagrammatic Representation of Ethidium Bromide

DNA (Crawford €& Waring, 1967).

The Watson-Crick double helix is represented as a
single continuous line.

(a) represents an intact superhelix with an

arbitrarily assigned number of superhelical turns;

(b) the number of superhelical turns decreases
upon random dye intercalation. The latter is represented by
bars perpendicular to the helix axis;

(c) at a critical point, the superhelix completely
unwindé;

(d) and (e) represent formation of a left-handed
helix due to further intercalation of the dye at saturating

concentrations.
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dye by a linear molecule, since the 1atter'is free to

rotate upon intercalation. As the absorption of the dye
lowers the buoyant density of DNA; linear molecules become
lighter in density than superhelical DNA. The density
‘difference between a superhelical DNA and its nicked or
linear derivative has been found to be 0.035 to 0.036

g/ml for polyoma ﬁNA, at 100 ug/ml dye concentration (Radloff,

Bauer & Vinograd, 1967).
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(b.1) Effect of Adenine and Deoxyadenosine on the Incorpor-

ation of Thymidine into DNA

As ethidium bromide'absorﬁs strongly in the ultra-
violet region, it was necessary to use radiocactively labelled
DNA for preparative dye~isopycnic experiments so that the
distribution of DNA peaks would not be masked by the dye

concentration gradient. For this reason, thymidinemmethylmgH

has been used to label H. salinarium DNA, since the uptake

of thymidine has been found to be negligible in strains of

E. coli and B. subtilis (Crawford, 1958; Rachmeler, Gerhart

& Rosner, 1961). Even so, the uptake of thymidine is
restricted as cultures of these organisms have been found

to convert it rapidly to thymine, presumably via an inducible
phosphorylase enzyme (Rachmeler, Gerhart &€ Rosner, 1961; Bodmer
¢ Schildkraut, 196u4),
| According to Boyce & Setlow (1962), addition of

deoxyadenosine at a concentration of 250 ug/ml to the

growth medium of prototrophic strains of E. coli enhances

the uptake of exogenous thymidine by a factor of three over
that of the control. The effect of this deoxynucleotide

: , )
on the incorporation of “H-thymidine into DNA of H. salinarium

was compared with that of adenine which is one of the
ingredients in the synthetic medium (Table 3).

Growth media Halophiles were grown in the synthetic

medium of Onishi, McCance & Gibbons (19643, containing

either 1006 ug/ml adenine or 250 ug/ml deoxyadencsine.
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Growth conditions. Precultures for inoculating
pufposes were.grown in 15 ml complex medium for 24 hours
with two consecutive subculturings so as to obtain log
phase cells. The cells were washed with sterile 25%
NaCl wash medium, and resuspended in the same wash medium
to a turbidity of 0.32 unit at 660 mu in a Bausch & Lomb
SP 20 spectrophotometer. Aliquots of this cell suspension
(0;75‘ml) were added to 15 ml synthetic medium in 250 ml~
capacity side arm flasks. The cultures were Shaken at
37°C on a New Brunswick Scientific gyfotory shaker at
minimum speed of rotation. Thymidinenmethyl—sH (100 uC)
was added to 15 ml of culture in early log phase of growth.
A growth period of 21.5 hours was given so that a substantial
amount of thymidine couid be incorporated. As the generation

time of H. salinarium is 7.5 hours in the synthetic medium,

this corresponds to nearly three generations of growth.

Assay of incorporation of 3H4thymidine into DNA.

The incorporation of label into DNA was determined by
extracting 0.1 ml of the culture with 0.9 ml 10% cold TCA,
followed by filtration through Millipore filter (0.45 u pore
.size). The level of input radiocactivity was determined by
diluting 0.1 ml of the culture with 0.9 ml water and
directly applying 0.01 ml of the dilution onto Millipore
filter in order to reduce quenching.due to the presence of

salt crystals from the growth medium on the filter. The

. . , . . 0
filters were dried for twenty minutes in an oven at 70°C,
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Table 3. Composition of Synthetic Medium for the Growth

- of Halophilic Bacteria (after Onishi, McCance &

Gibbons, 1965).

Nutrient griam/litre
Casamino acids' 7.5
Adenine" 0.1
Uridylic acid 0.1
Glycerol ) 1
Ammonium chloride : 5
Sodium chloride . 250
Magnesium sulphate.7H,0 20
Stock solution of mineral salts 100 ml/litre
containing, in mg per 100 ml,

KNO 10

K, HFO, 5

KA, PO,/ 5

,Nagitrate 50 .

MnSOl+ 0.03

CaCl,.7H,0 0.7

ZnS0,, . TH, 0 0.0k

FeCl, ) 0.23

CuSOq.5H20 0.005

The pH was adjusted to 6.2 with KOH before making up

to volume. The medium was autoclaved at 1.2 atmospheres for

at least twenty minutes.

' Replacing fifteen amino acids in the original medium

" Replacing adenylic acid in the original medium
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~and counted for ten minutes iﬁ a Beckman LS-250 scintillation
counter.
Results

As shown in Table 4, deoxyadenosine not only did
not give three~fold enhancement in the incorporation of
thymidine, but consistently gave poorer incorporation than
adenine,

In view of the fact that deoxyadenosine has no
adverse effect on bacterial growth rate, it is difficult
to say at this point whether or not'the discrepancy was
due to differences in the membrane pgrmeability of the
halophilic bacterium to the nﬁcleoside, or whether different
enzymes were induced in response to the substance. The
level of thymidine uptake by the halophile (11-20%),
nonetheless, compares favourably with that normally obtained
for E. coli and B. subtilis (10-12%, Mahler, 1967).

As adenine was observed to give better incorporation
of thymidine into DNA, growth medium containing 100 ug/ml
of the pyrimidine was used to prepare tritium-labelled
DNA for ethidium bromide—iéopycnic centrifugation experiments

. for the detection of closed circular duplexes.



Table 4. Effect of Adenine and Deoxyadenosiné on the Incorporation of Thymidiné—

methyl—3H into H. salinarium DNA

Adenine (a)'

Deoxyadenosine (b)"

Expt. cpm cpm % cpm cpm % (b)/(a)
present- precipitated uptake present precipitated uptake '
per 0.801 ml1 by TCA from per toolwl by TCA from
culture " %L ml culture culture .06 Ml culture
I 802 14161 545 7313

8147 14208 L7 534 7260 13 0.78
L 770 16612 20 474 5655

695 13808 472 5345 11 0.6

iIxt 583 10313 553 7128 .

531 10571 20 547 7271 1y 0.7
533 12087 501 7375 '

'

"

Replacing 100 ug/ml adenine, at a concentration of 250 ug/ml.

Normally present in the synthetic medium at a concentration of 100 ug/ml.

88
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(b.2) Ethidium Bromide~Isopycnic Centrifugation

Prepafation of lysate. Cells were labelled,

harvested, and washed twice with 25% NaCl wash medium as
described in previous sections. The method for preparing
Athe sarkosyl lysate was adpted from that given by Bazaral
‘*8.Helinski (1968) for E. Egli‘ The pellet, containing about
60 mg of cells by wet weight, was reéuspeﬁded in 1 ml of
an hypotonic buffer containing 0.05M NaCl-0.5M Tris~0.005M
EDTA, pH 8, and 500 ug/ml pancregtic RNase which had been
heated for 10 minutes at 80°C in a water bath‘to destroy
DNase activity. Lysis was instantaneous. 0.5 ml of a 2%
sarkosyl solution in water was then aaded, and the mixture
drawn in and out of a Pasteur pipette ten times to
selectively shear the main chromosomal component. The
assumption underlying this operation was that bacterial
chromosome , having a molecular weigﬁt of about 109 daltons
.(Moore € McCarthy, 1968b) would be sheared into smaller
linear pieces. Closed circular DNA of smaller molecular
weight, under identical conditions, would be less susceptible
to shear damage. Upon isopycnic centrifugation in the |
presence of ethidium bromide, these linear pieces would
absorb more dye and band in the light density side of the
gradient; whereas closed circular DNA, on the other hand,
would absorb less dye and band at a higher density, and
could therefore be isolated. As we did not know the size

of the satellite, we have chosen tc pipette the lysate ten
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- times, instéad of twenty times as Bazaral & Helinski (1968)
have done, in order to avoid excessive shearing of the

DNA. Finally, another ml of the RNase~buffer was added,
and the mixture agaiﬁ drawn in and out of a Pasteur pipette
three more times.

Ethidium bromide-~isopycnic centrifugation. The

sheared lysate (2 ml) was added to a solution of cesium
chloride containing 175 ug/ml ethidium bromide in 0.1M
sodium phosphate buffer, pH 7 in amounts described by
Bazaral & Helinski (1968). |

Centrifugation was performed. in a Spinco 65 fixed-
éngle rotor for U4 hours at 44,000 r.p.m. at 20°C. Fractions
of either 29 or 19 drops were collected from the bottom
of the centrifuge tube through a 20 gauge needle. Each
fraction was precipitated with 2 ml of 10% cold TCA in the
presence of 0.1 ml bovine serum albumin as carrier,
centrifuged for 5 minutes at low speéed in an International
centrifuge to collect the precipitate, and filtered through
a Millipore filter (0.45 u pore size). ZEach filter was
then washed with 5 ml portions of fresh TCA and dried in
an oven at 70°C for'fifteen minutes. Radioactivity of the
samples was counted, 5 minutes each, in a Beckman LS-250
scintillation counter.

Refractive indices of the even numbered fractions
of the first twelve fractions wébe’read by means cof a Bausch

& Lomb refractometer. This was meant to avoid lczing the
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DNA peaks on the stage of the refraCtometeT; as well as
unnecessary cbntamination of the latter. Buoyant densities
of the peaks were extrapolated frém their refractive indices
as described.

Cesium chloride~isopycnic centrifugation. In order

té.equate the dense, minor peak iﬁ ethidium bromide gradients
with the light dehsity satellite, cénventional cesium
chloride gradients were prepared by mixing 0.45 ml of the
lysate with a solution composed of 11.44 g cesium chloride
'in 8.11 ml 0.1xSSC buffer, so that the final density of the
mixture was 1.72 g/ml. Centpifugation was occasicnally
performed concurrently with gradients containing ethidium
bromide under conditions just aescribed. Fractions of 19
- drops were collected, and assayed for radiocactivity as
described. |
Results

A minor DNA band with a density higher than that
of the main band was observed, although its relative pro-
portion to the main band varied from a maximum of 17% to a
minimum of 2-3%, depending on the pérticular lysate prepafa—
tion. Figure 23 shows a dye-buoyant density profile of a
DNA preparation containing an 8% dense, minor band.

Table 5 lists the density differences between the
minor and the main band, and the relative proportion of the
minor band to total. The average density difference between

the two DNA bands was 0.026-0.027 g/ml. 1In ‘the light of the
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Figure 18. Ethidium Bromide-Isopycnic Centrifugation of

Sarkosyl Lysate of H. salinarium

2 ml. of sarkosyl lysate was added directly to a solution
of cesium chloride containing 175 ug/ﬁl.ethidium bromide.
Centrifugation was performed in a Spinco 65 fixed-angle
rotor at 44,000 r.p.m. for 44 hours at 20°C, 0.38 ml.
 fractions were collected by puncturing the bottom of

the centrifuge tube with a 20-~gauge needle. Radioactivity
was assayed by TCA-precipitation.

Buoyant density of the peaks were extrapolated from their
refractive indices, using the relationship of Ifft, Voet

€ Vinograd (1961).

The dense, minor peak is 8% of the total.



reported value of 0;035~0.036 g/ml density difference

between e closed circular DNA and its nicked derivative
(Radloff, Bauer & Vinograd, 1967), it is significant to

note that, if correctien be made for the intrinsic density
difference of 0.009 g/ml between the satellite and the

main baﬂd, the theOPetical value comes out to be (0.035/0.036~
0.009) g/ml, or 0.026 to 0.027 g/ml, which is in agreement
with the experimental values.

Again, the magnitude of the density differenee
betWeen the two DNA bands suggests that.the minor band did
not arise from denatured DNA; as the latter is normally
only 0.015 g/ml more dense than native DNA in a cesium
chloride density gradient {Sueoka, Mermur € Doty, 1959).

As can be seen in Table 5, in three out of thirteen
gradients, the main DNA was split into two peaks. The
density differences between the two were 0.014, diOlB, and
0.021 g/ml, respectively (lines 1~3, Table 5). In the rest
of the gradients, however, the main band was seen.as cne
peak, even when the resclution was improved‘by collecting
smaller fractions. Judging from tgeir large amounts, these
peaks were unlikely to have derived from the satellite
component, and could have derived from insufficiently
sheared fragments of different overall base composition.
Although Bazaral & Helinski (1968) also observed similar
variation in the number of peaks within the main band, the

explanation for this phencmenon remains uncertain at present.
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Table 5. Buoyant Density Differences Between the Dense,

Minor and Major Peaks

[2) 0,

Dye-~CsCl Density Difference % %
Gradient between Major and Major Peak Minor Peak
- Minor Peaks (g/ml) .. . .

N 1) S
‘ 0,015 (39) 82 7
. .
’ 0.013 (i2) 9 :
Iy 0.015
93 7
5 0.027 gy 3
6 0.026 96 4
7 0.027 ° | 95 5
8 0.027 | 96 Iy
g 0.026 92 8
10 0.027 ' 98 2
11 0.027 97 3
12 0.027 91 9
13 0.027 95 5

Values within brackets represent those of split major peaks.
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The significant feature of these-cen{rifugation
experiments is that they strongly indicate the presence of
an ethidium bromidemresistant.closea circular DNA which
may be equated with the light satellite. A possible explana-
tion for the low proportion of the dense, minor peak,
relative to the main band (Table 5) may be that a significant
propertion of otherwise intact closed circles is broken
during shearing of the sarkosyl lysate. Still, more direct
evidence, such as that from electron microscopy, is called

for.,



97

(b.3) Electron Microscopy of DNA

Electfon microscopic examination of DNA from the
halophilic bacterium would reveallthe size and form of
the satellite, and would hopefully answer the following
" questions:

(1) whether the dense miﬁor band in ethidium
bromide was indeed composed of closed circular DNA, and
not artefacts.

sgme ,

(2) whether thejdense minor band could indeed
‘be eduated with the light satellite observed in conventional
cesium chloride gradients. One needed to compare the sizes
of the DNA isolated from the respective bands; and

(3) whether the sateliite exists as multiple sizes
~of DNA having different molecular weights, or whether it
exists.as cne discrete class of molecuies. If the latter
is true, one might then calculate the number of copies of
the satellite in the cell. The answer to both questions nust
come from a statistical measurement of the lengths of these
molecules,

The principle of the Kleinséhmidt monolayer technique
(Kleinschmidt & Zahn, 19593 Kleinschmidt, 1967) is to spread
DNA in as nearly a two-dimensional form as possible over an
aqueous solution (such as ammonium acetate buffer) with the
help of a globular protein having sufficient surface-
spreading activity. To do this, DNA is mixed, in solution,

with a basic protein (such as cytochrome C) so that binding
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of the DNA to protein occurs. The protein-DNA mixture is
floated 6nto the ammonium acetate hypophase in a flat trough.
Since the protein is surface-denatured, it forms a monolayer
film, with the DNA absorbed to it by basic side groups of
amino acid residues. The protein-DNA film is then trans-
ferred to a solid support (such as a film of parlodion over
a copper grid) and dried. The preparation may be shadowed
to enhance contrast, and is ready for electron microscopic

examination.

- Procedure

Preparation of DNA. DNA samples were pooled from the

aﬁpropriate regions of the péaks in both the ethidium bromide-
cesium chloride gradients (figure 19a) and conventional

cesium chloride gradients (figure 19b), as indicated by

the shadowed areas. The pooled fractions, about 0.3 ml

in volume, were dialysed overnight against SSC buffer to
‘remove ethidium bromide and cesium chloride for subsequent
electron microscopy. The concentrations of the dialyzates
were estimated by their absorbances at 260 mu, using a 0.3
ml-capacity microcell with l-cm pathlength. The dialyzates
were used-for electron microscopy without delay.

Spreading of DNA-cyvtochrome film. 0.2 ug DNA in

a volume of about 0.02 ml was mixed with 40 ug cytochrome
C (1 mg/ml in 4M ammonium acetate buffer, pH 7) to a weight
ratio of 1 part DNA to 200 parts cytochrome C. The droplet

was floated via a glass slide onto a solution containing
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0.5 ammonium acetate buffer, pH 7, filled "to just overflowing
in a 9.5 x 9.5 cm plastic trough. After allowing ten |
minutes for stabilization,ﬂsmail'area of the film was
picked up by briefly touching a parlodion-~carbon coated

- copper grid (200 or 300 mesh) horizontally to the surface

of the film. The grid was then dried in 95% ethanol for

20 seconds.

Shadowing. The specimens were rotary shadowed at a
rate of 60 r.p.m. at an angle of 6° from an evaporating
‘platinum-carbon pellet weighing about 12 mg. The base
plate containing the specimen was placed about 3 cm away
aﬁd 0.3 cm above the pellet.. Shadowing was performed under

5

a vacuum of 10~° torr, in an Edwards Model 4 vacuum unit.

- Electron microscopy. The shadowed specimens were

photographed in a Carl Zeiss EM 9 electron microscope, at
magnifications of 5,600, 10,000 and 17,000 x.

Measurement of contour length of the DNA was dcne

using a Keuffel & Esser number 11 map measurer. Photographs,
printed at 3x magnification, were projected 4.3 times on a
screen by an American Optical Delineascope so that measure-
ment could be made with less than 10% deviation.

Calculation of molecular weight was as follows:

. Measured Length (e 1 .
Molecular welght = halnhie R DA G — —r . % 553
* © 3.4(A) Total magnification -

where 3.4 A 1s the internucleoctide distance of double helical

oAt
e R oL AR Lansh
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Figure 19, Isolation cof Sarkosyl-DNA from Ethidium

Bromide~Cesium Chloride Density Gradient

(a) 2 ml sarkdsyl lysate was added to a solution of cesium

" chloride containing 175 ug/ml ethidium bromide in O.M.

sodium phosphate buffer, pH 7, to a final density of 1.60

g/ml. Centrifugation was performed in a Spinco 65 fixed

‘angle rotor at 44,000 r.p.m. for ik hours; 20°C. 29 drop-
fractions were collected from,the.bottom of the centrifuge
tube, precipitated with TCA, and assayea for radioactivity.
Buoyant denéities of the DNA peaks were extrapolated from
their refractive indices.

Figure shows the density profile of the DNA containing a 9%
dense, minor band.

(b) 0.45 ml sérkosyl lysate was added to a solution of

"cesium chloride in 0.1 x SSC buffer, pH 7, to a final

density of 1.72 g/ml. Centrifugation was performed concurrent-
ly with gradient (a). Figure shows a 20% light satellite

DNA.

Fractions under shaded areas were pooled separately and
dialyzed overnight against SSC buffer toiremove cesium chloride

and ethidium bromide.
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DNA in the B .. .. configuration, and 653 the average
molecular weight of a deoxyhucleotide base pair.
Résults

When examined under the electron microscope, the
dense, minor DNA band isolated from ethidium bromide~cesium
chloride gradients consisted mainly of closed circular
molecules, thus confirming the physicochemical data from
ethidium bromide gradients. The length distribution of
forty molecules is given in figure 20(a), thirty-one (78%)
of which were seen as closed circlés; As estimated from
the histogram, the average length of the molecules is about
37.5 u. The statistical -average of thirty-four molecules
within the range of 25 to 55 u is calculated to be 375 7u.
A representative molecﬁle with a length of 37.8 u is
shown in figure 21. An example of one of two larger
molecules, with a length of 52 u, is shown in figure 22.

At the other extreme, 15% of the total were considerably
smaller in sgize, with a length of ¥ 3y (figure 23).

Main band DNA from the same ethidium bromide gradients,
in contrast, appeared as a mixture of iong, extended and
randomly oriented fibers. No circular forms could be
distinguished (figu;e 24). The lengths of thése fibers were
not measured. d

Closed circular DNA was again revealed in fractions
isolated from the satellite bana in conventional cesium

chloride gradients, The length distribution of thirty-
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Figure 20. Length Distribution of DNA Isolated from

Ethidium Bromide-~Cesium Chloride and from

(a) represents the length distribution of DNA
isolated from the dense, minor band 'in figure 19(a).

The histogram is based 6n measurement of forty molecules,
thirty-~one (78%) of which were closed circles.

(b) represents that of DNA isolated from the light
satellite band in figure 19(b). The histogram is based on
measurement of thirty-three molecules, eleven (33%) of which
were closed circles.

Shaded areas represent closed circular molecules,
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Figure 21. Electron Micrograph of DNA from the Dense,

Minor Band in Ethidium Bromide-Cesium Chloride

Gradients
"DNA was prepared for electron microscopy by the
Kleinschmidt technique. The specimen was rotary shadowed
at an angle of 6° by a platinum~carbon pellet. The length

of the molecule is 37.8 u. Magnification 16,800 x.
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Fiéure 22. Electron Micrograph of DNA from the Dense,

Minor Band in Ethidium Bromide~Cesium Chloride

.......

.This is one of two larger mclecules, having a length

of about 52 u. Magnification 30,000 x.
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Figure 23. Electron Micrograph of DNA from the Dense,

Minor Band in Ethidium Bromide-~Cesium Chloride

.The molecule is 13.8 u long. Magnification 30,000 x.
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Figure 24. Electron Micrograph of DNA from the Main Band

in Ethidium Bromide~Cesium Chloride Gradients

Magnification 16,800 x.
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three molecules, eleven of which were closed circles, is

given in figure 20(b). TFrom the histogram, the average

length of ten closed circles is éeen to be about 37.5 u.

The statistical average of the latter molecules is calculated
to be 37 + 3u. Thé close similarity in the length distri- ‘
bution of these closed moleCules.with those isolated from
ethidium bromide‘gradients strongly suggests that the

latter molecules may indeed be equated with the satellite.

Figure 25 shows a closed circle with a length of
"37.5 u. A third of the linear molecules; on the other hand,
were only about half as long as the closed circles, suggesting
that these represented broken halves of intact circles. At
the other extreme, one circulaf molecule was found to be
63 u long, and is shown in figure 26.

Fractions isolated from the-main band in conventional
cesium chloride gradients, in contrast, did not contain
circular molecules. The general appearance of the DNA
fibers was similar to those obtained for the DNA from the
main band in ethidium bromide gradients, and is shown in
figure 27.

Again, an additional line of evidence may be taken
to indicate that the satellite is physically identical to
the dense, minor band in ethidium bromide gradients. During
lysate preparation, some damage to the physical integrity
of the satellite might have occurred, so tﬁat only a third

of the molecules remained closed circles in one test,
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preparatioﬁ (figure 20b).Therefore only a third of the

QQ% satellite, or 7% of the total DNA, ought to be restrictive
to dye absorption. This has’indeed been observered. The

samé lysate preparation gave rise to dense, minor bands

which averaged to 7% of the total in ethidium bromide-

cesium chloride gradients (Table 5, -:gradients 12 and 13;

figure 19%a).



V. Discussion

The foregoing results suggest that the preserce

of two species of DNA in H. salinarium is not due to random

extraction artefacts, as tﬁe relative amount of these two
bands is seen to be constant, regardless of the extraction
conditions. Thé differences in the buoyant densities of
these two bands are also consistant within experimental
error. The presence of the satellite in its normal propor-
tion after phenol extraction clearly indicates that the
peculiar phenomenon in which the presence of the crab d(A-T)-~
rich satellite is observed only upon chloroform extraction,
but not phenol,does not apply to the halophilic bacteria.
Results from polyethylene glycol-dextran extractions
suggest that both DNA species iﬁ the halophilic bacteria
represent native forms of the molecule, as denatured DNA
has been demonstrated to partition very differently from
native forms in such a systém. The constancy in the density
and proportion oif the satellite from preparation

to preparation also tends to exclude the possibility that

114
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Figure 25. Electron Micrograph of DNA from the Satellite

" Band in Cesium Chloride Gradients

The photograph shows a linear and a closed circular

molecule. The latter is 37.5 u long. Magnification 16,800 x.
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Figure 26. Electron Micrograph of Larger Circular DNA from

the Satellite Band in Cesium Chloride Gradients.

This molecule is 63 u long. Magnification 16,800 x.
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Figure 27. Electron Micrograph of DNA from the Main Band in

Cesium Chloride Gradients

Magnification 16,800 x.
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it represents glycogen material which may be mistaken for
DNA in cesium chloride gradients, since the constancy of

the latter substance depends critically on the preparatory
condition (Brunk & Hanawalt, 1966). A stronger piece of
evidence against this possibility comes from the observation
that.the satellite incorporatés radioactive thymidine just
as well as the main band.

The'resul%s from sedimentation in sucrose gradients
indicate the minimum size of the satellite to be about 2-3 x
107 daltons, as it sedimented together with main band DNA
.sheared to similar sizes. Further characterization of the
satellite in ethidium bromide-cesium chloride gradients
suggests that it occurs as closed circles, which is an
indication of its physical autonomy from the bacterial
chromosome. Evidence that the dense, minor band in ethidium
bromide gradients does indeed représent a dye-resistant
closed circular DNA is provided by electron micrcscopic
examination of these molecules. The latter examination also
provides further evidence to eéuate these circular duplexes
with the light satellite, in that the length distributions;of
the molecule from these two sources show close similarity to
each other, with the peéks of the histograms coinciding at
37.5 u (figure 20). Two but of forty molecules in figure
20(a) appeared rather entangled (figure 22), which might have
contained more than one molecuie in each unit. This would

account for their higher-than-~average values. For exanmple,
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the complex illustréted in figure 22Amight contain a linear
piece of DNA together with a closed circle, but since its
physical continuity could not be'convincingly established,
this complex has been plotted as a linear molecule in the
histogram.

In view of the few smaller circles seen in figure
20(a), and one large circle from the satellite (figure 26),
it is unclear whether there are multiple forms of these
.circular moleculeé, or whether these molecules are artefacts.
A péssible explanation for the origin of these smaller
molecules is that they represent fragments derived from
larger pieces of DNA which have managed to form artificial
circles. Whatever the origin of these circles may have
been, they are not seen in figure 20(b). If these circles
turn out to be 'genuine, they may perhaps represent yet an
:unidentified class of circular DNA which may nog—be
related to the satellite per se, but is nevertheless banded
together with closed circular satellite in ethidium bromide-
cesium chloride gradients. |

The 65 u long circular molecule shown in figure 26
is rather puzzling. The size of this molecule suggests
that it might be a dimer of twé smaller molecules, although
the possible points of overlap of the smaller molecules are
not readily discernable from the eleétron micrograph. More
determinations on the lengths of these molecules undoubfedly

will help decide whether they are mono-~ or poly-disperse,
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although present statistics éeem to indicate that, with the
éxception of the one molecule, most of the closed circles
isolated directly from the satellite have lengths about 37 u.
If later statistics do indeed bear out a unimodal distribution
for the size of the satelliterDNA, a molecule of 37 u long
is calculated to weigh 7.1 x 107 daltons, and is in the
right order of magnitude as predicted from sucrose gradient
sedimentation studies. The size of the satellite DNA may be
compared to that of the bacterial genome which has been
estimated to be 2.68 x 10g daltons’(Mbore € McCarthy,

1969b). This means that the majority of the satellite
molecules are about 3/100.the.size'of the bacterial chromo-
some, so that there must be eight copies of the satellite
DNA per genocme to accouht for 20% of the total DNA. The
question remains open as to whether all eight copiles are
identical, or whether they all have different nucleotide
sequences.

Our finding that the satellite DNA from H. salinarium

exists as closed circular duplexes, with the majority of
‘the molecules having a molécular weight close to 7.1 x 107
. daltons such that there may be eight copies of the satellite
per bacterial genome'appears to contradict Moofe ¢ McCarthy's
(1969b) interpretation that it is not an episome of a size
about 107 daltons, and that it is not present in multiple

copies. These authors based their interpretation upon the

observation that both the satellite and the main band DNA
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renatured at the same rate. It is kﬁown, however, that the
method they used is not sensitive enough to detect the
presence of 2 to 10 copies of paft of the genome (Britten &
Kohne, 1965~1966), even if the satellite DNA is composed of
eight .identical molecules of 7.1 x 107 daltons each. It
seems clear that the discrepancy between our finding and
theirs is due only to their interpretation of their results,
and not to mutually exclusive evidences.

One may aiso estimate the potential genetic content
encoded in each satellite molecule, assuming a mono-
dispersed averaged length of 37 u. An averaged-sized protein
molecule contains about 350 amino acid residues (Watson,
1365). A DNA molecule of 37 u long contains 1.1 x 105 nucleo-
tide ﬁairs. On the basis of the triplet code, each strand
of the DNA duplex is sufficient to code for 105 protein
_'molecules. It would be interesting to find outhhether
the nucleotide sequence(s) in the satellite DNA is
repetitious, such that each molecule codes for identical
copies of protein molecules. Prel}minary h&bridization
tests reported by Moore & McCarthy (1969b) seem to suggest
that the satellite DNA is transcribed. If this is true, it
would be interesting to find oﬁt the functional significance
of the satellite DNA, since it seems to be present in all
species of extreme, nonnphotosynthetic halophiles (Moore §
McCarthy, 1969b). vAlthough the genetics of the extreme'

halophiles has yet to be studied, the circularity of the
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satellite DNA nonetheless establishes its physical autonomy
from the bacterial chromosome. One may therefore identify the
satellite DNA as an extrachromosomal element, in the
operational sense that it represents a "stably inherited
component of the cell genome'When physically separate from

the chromosome" (Novick, 1969).
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Growth of H. salinarium in Complex and Synthetic Media

Radioactive labelling of halophilic DNA couid not be
performed in the complex meaium devised by Sehgal & Gibbons
(1950), as the medium contained unknown quantities of thymine
derivatives from yeast extract, andr$%uid therefore compete
with radioactive thymidine for incor'poration into DNA.
Hence we have found it ﬁecessary to establish the growth

of H. salinarium in a chemically defined medium, such as

that described by Onishi, McCance & Gibbons (1964).

. We also wanted to study the growth of the halophilic
bacteria in the synthetic medium for another reason. As
far as we are aware, studies on the nutritional requirements
and growth of these halophiles have been based exclusively
on turbidity readings (Brown & Gibbons, 1955; Sehgal &
Gibbons, 1960; Dundas, Srinivasan & Halvorson, 1963; Onishi,
McCance & Gibbons, 1965). Just how well these turbidity
readings relate to actual growth has not been described.
Even so, the turbidity readings described by Onishi,
McCance & Gibbons (i96ﬁ) have been followed for only one
passage after inoculation. The cells used for these experi-
ments typically wereg grown in a more éomplete.complex
medium, harvested, washed free of the medium, and inoculated
into respective test media. It has not been clear whether
the resultant turbidity curves observed were a genuine
reflection of bacterial growth in the test media. For

these reasons, we have undertaken a more extensive study of
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the relative growth of the halophiles-~using in this instance

H, salinarium--in the complex and synthetic media. We have

also compared turbidity reédings with results from total and
viable cell counts.
Procedure

Growth media. The composition and preparation of the

complex medium is given in Table 1. A defined synthetic
medium devised by .Onishi, McCance & Gibbons (1964) was
adopted, except that adenine was used in place of adenylic

acid. The composition of the medium is‘given in Table 3.

Growth conditions. Precultures for inoculating purposes

were grown in 15 ml complex medium for 24 hours with iwo
consecutive subculturings so as to obtain log phase cells

.The cells were washed with sterile 25% NaCl wash medium,

and resuspended in the same wash medium to a turbidity of
“0.32 unit at 660 mu in a Bausch & Lomb SP 20 spectrophoto-
meter. 0.75 ml aliquots of this cell suspension were added

to 15 ml complex, or synthetic medium (depending on the

nature of the study) in 250 ml-capacity side arm flasks.

The cultures were shaken at 37°C on a New Brunswick Scientific
gyrotory shaker at minimum speed of robafioﬁ.

Growth Measurements. Turbidity of cultures was read

directly in a Bausch & Lomb SP 20 spectrophotometer against
blank medium at 660 mu.
In order to demcnstrate that the turbidity curves

obtained in the synthetic medium is & genuine reflection of



141

growth, and not due to nutrients carried over from the
complex medium either inter- or intra-cellularly, cells

were prepared from 15 ml of complex medium and inoculated

into 15 ml synthetic medium under conditions Jjust described.

. Turbidity readings were taken at various time intervals until
the culture reached early stationary phase of grthh. 0.75
ml was withdrawn from the cuiture'and transferred into 15 ml
fresh synthetic medium. This process of'subculturing was
repeated at 24~hour intervals to a total of eleven times
.before turbidity readings were again taken.

Total cell count was obtained by counting the number'
of cells, under phase contrast microscopy, in a Petroff-
Hauser bacterial counter. The latter was calibrated such
that twenty unit squares within the chamber corresponded to

6

a volume of 1x10 ~ ml. At a magnification of 1,300x%,

H. salinarium appeared as slender rods, approximately 0.5 x

-2 u in size, and were easy to count. Cells from seven
different areas Qere counted, and the figures averaged for
plotting figures 20 and 21. |

Viable cell counts were obtained by evenly distributing

0.1 ml aliquots of cell dilutions ranging from 107° +to 1078 X,

onto 2% agar plates containing complex medium, six plates for
each dilution. The plates were sealed with Saranwrap to keep
moist, lest the high-salt medium crystallize, Colonies appeared

On cos
after one week of storage at 37 °C in a humid incubator, and

the counts were averaged,
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Results
Figure 28 shows the relative turbidity readings of

H. salinarium in complex and synthetic media, under similar

conditions of growth. The slight lag of the halophile upon
inoculation in the synthetic medium 1is taken to represent
an adaptation period from an enriched'COmplex medium to

a defined synthetic medium possessing all the essential
nutrients but nevertheless less rich in growth elements.

The generation time of H. salinarium under these conditions

of growth was 6 hours in the complex medium, and 7.5 hours
in the synthetic.
Figure 29 shows that the turbidity curves given by

H. salinarium is indeed a genuine reflection of its growth

characteristic in the synfhetic mediﬁm, and not due to
nutrients carried over from the complex medium which would
make the synthetic medium appear more complete than it is.

The small lag observed in the first tﬁrbidity curve may have
been due to an adaptation period in the synthetic medium,
following growth in an enriched complex medium. Once the

cells commence to grow; however, they do so at a characteristic
rate regardless of the number of times of subculturing.

Plots of turbidity, total cell count, and viable cell
count for cells grown in complex and.synthetic media are
given in figures 30 and 31, respectively. It is evident that
turbidity readings are not a reliable measurement of cell

growth at high densities, since results from total and viable
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cell counts indicaté greater extent of growth. In fact, a
dilutioﬁ curve of turbidity against total cell count
indicates that turbidity reading deviates from linearity at
values above 0.5 unit at 660 mu (figure 32). The discrepancy
between values given by total and viable cell counts is not
surprising, as the former method does not distinguish dead

- cells from viable ones.

The results indicate that H. salinarium does indeed grow

‘well in the synthétic medium, even after it has been sub-
cultured many times. The results also indicate that turbidity
reading is inadequate at high densities as a measurement of
growth, and must be supplemented by viable cell count if

more precise growth index is needed.
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Fig. 28. Relative Turbidity of H. salinarium in Complex

and Synthetic Media.

.0.75 ml. of cells in log phase of growth was inoculated

at a turbidity of 0.32 unit at 668 mu into 15 ml.

complex (.——.) and synthetic media (% %) .
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Fig. 29. Turbidity Curve of H. salinarium in

Synthetic Medium.

0.75 ml cell suspension in 25% NaCl wash medium at 0.32
unit ét'660 mu was inoculated into 15 ml synthetic medium
(x—-—x). 0.75 ml of the culture was subcultured into
another 15 ml synthetic medium, and the process repeated
at 24-hour intervals for eleven cycles before turbidity

readings were again taken (.———.).
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Fig. 30 Comparison of Turbidity, Total Cell Count, and

Viable Cell Count in Complex Medium.

Cells in log phase of growth were resuspended in NaCl
wash medium to a turbidity of 0.32 gnit at 660 mu. 5 ml.
of the suséension were inoculated into 100 ml. of complex
medium.

Growth was measured at various time intervals. Turbidity
readings were taken directly in a Batusch § Lomb SP20
spectrophotometer at 660 mu(.——,). 0.1 ml. aloguots
were withdrawn for Petroff-Hauser total cell count (a

and viable cell count (4 2).

A)
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Fig. 31 Comparison of Turbidity, Total Cell Count, and

Viable Cell Count of H. salinarium in Synthetic

Medium.
Conditions .of inoculation and growth were as described in

fig. 20.

«———., turbidity measurements; A 4, total cell count;

4 A> vViable cell count.
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Fig. 32 Correlation between Turbidity and Total Cell

Count at Different Cell Dilutions.

Total Cell Count was taken of a culture of g.’salinarium

grown to a turbidity of 0.76 unit at 660 mu in synthetic
medium. The culture was subsequently diluted with
convenient volumes of the same medium and the total cell

counts corresponding to each dilution were taken.
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