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recording densitometer (Joyce, Loebl and Co, Ltd.).

Melting Profiles of DNA. Thermal denaturation pro-

files of DNA samples were obtained by monitoring the in-
crease of absorbance at 260 nm according to standard pro-
cedures outlined by Mandel and Marmur (1968).

The spectrophotometer used was a Gilford 2000, fitted
to a Beckman DUR monochrometer. Between these two com-
ponents, a cuvette chamber section was constructed using a
Beckman sideless carrier (four position) and two water
jackets separated by bakelite spacers. The inner jacket
was heated by circulating water from a Haake model F water
bath. Protective cooling of the outer jacket was provided
by circulating water from a Heto four-liter bath without
heating. An insulated 1id was fabricated from 2 cm thick
styrofoam to cover the entire chamber-jacket section.

Quartz cuvettes with a 1 cm light path were used.
These were fitted with tapered teflon stoppers which pro-
vided an excellent seal because they expanded with increased
temperatufe to prevent vapor 1loss.

Internal cuvette temperature was monitored by copper-
constantan thermocouples attached to a Fluke digital multi-
meter which read millivolts electro-motive force. These
EMF values were converted to temperature readings using
published values (Lange, 1967). The reference junction of
each thermocouple was placed in an ice bath. The test junc-

tion was placed in the DNA solution within the cuvette as
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follows: The wire was inserted through a hole drilled
through the center of the teflon stopper and bonded in
place with a slow-drying, two-part epoxy. Care was taken
so that the junction did not interfere with the light path
when the cuvette was in place.

DNA samples (2ml) were dialysed for 36 hr against
0.1 X SSC as follows: Three changes of the buffer were
made, 100 volumes each, at 12 hr intervals. Dialysis was

carried out at 4°C.

Transformation Procedures

Attempts were made to transform Azotobacter by the
liquid trasformation procedures developed for Bacillus
(Anagnostopoulos and Spizizen, 1961), MethyZobacteri@m
(O'Connor, et al., 1977) and Azotobacter (Sen and Sen, 1965
and Sen, et al., 1969). The plate method of transformation
developed for Bacillus (Gwinn and Thorne, 1964), and modifi-
cations thereof for Acinetobacter (Juni and Janik, 1969),
for Moraxella (Juni, 1973) and for Adzotobacter (Page and
Sadoff, 1976a,b) were each used.

Further, a method of plate transformation which yields
semi-quantitative results was developed during this study.
Plates were prepared using 12.5 ml T agar. A desired amount
of DNA (200 ug) in 1.0 ml SSC was mixed with 1-2 X 107 recip-
ient cells (early log-phase) in 1.0 ml T medium in a test

tube. The mixture was poured into 2.0 ml of melted and






RESULTS

Development of Improved DNA Extraction Method

DNA isolated from Azotobacter by the method of Marmur
(1961) was of low apparent molecular weight, and yields
were less than expected. Development of a better method
was based upon stepwise improvement of both viscosity and
yield. Viscosity was used as a qualitative indicator of
molecular weight.

It was observed that lysates of fresh cells appeared
more viscous than did lysates of frozen cells. Only freshly
harvested cells were used thereafter. It was then discov-
ered that viscosity increased after lysis if the temﬁerature
during lysis was increased from 60°C to 70°C. This temper-
ature is well below that necessary to melt Azotobacter DNA.
By preheating the detergent solution (SDS) to 70°C and by
using a large volume of it, relative to the volume of the
cell suspension, a rapid and more complete mixing could be
achieved. Lysis suspensions resulting from the addition of
an equal volume of preheated 4% SDS were more viscous than
were those obtained with Marmur's procedure. Further in-
crease of the final SDS concentration to as much as 6% did
not improve lysis, but interfered with subsequent steps.

Microscopic examination of lysates revealed that many

cells remained intact with the above treatment, regardless
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of the time of incubation. In order to improve cell dis-
ruption and to inhibit nuclease activity, protease type VI
(Sigma, 0.5 mg/ml final concentration) was added for its
proteolytic action. Preliminary tests were made to deter-
mine whether the protease would be active under conditions
of 70°C and 2% SDS. This was shown by hydrolysis of BSA
under these conditions.

To improve the effectiveness of the buffer, TRIS-EDTA
at pH 8.0 was employed. The killing effect of this combi-
nation on 4dzotobacter was established by Goldschmidt and
Wyss (1966), and the effectiveness of its chelating power
is well known. Lysis using various ratios of buffer to cell
mass indicated that 4-5 ml:1 gm of wet cells was most effec-
tive. Lysis with this combination of conditions was complete
within 15 min. This time coincided with the appearance of
maximum viscosity.

Having established optimal lysis conditions (see Meth-
ods), it was important to maintain viscosity of the suspen-
sion through the balance of the procedure. The lysis sus-
pension was quickly cooled to room temperature under running
water. Cold sodium perchlorate was added to a final concen-
tration of 1M in order to increase the ionic strength and
for the deproteinizing effect of the perchlorate. A series
of deproteinizations was then begun by adding an equal vol-
ume of chloroform:isoamyl alcohol. It was>found that the

amount of long-stranded DNA which could be precipitated fol-
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lowing deproteinization was enhanced if, instead of shaking,
the emulsion was rapidly swirled by hand in a large Erlen-
meyer flask (5 volume capacity:1 volume emulsion). Viscos-
ity of the emulsion during deproteinization also remained
high with the more gentle treatment. After swirling for
20-30 min at room temperature, the emulsion was centrifuged
at 13,000 X g for 10 min at 4°C. The aqueous phase was
then removed to a clean flask and deproteinization was re-
peated until little or no denatured protein was found at
the phase interface after centrifugation.

In order to consolidate steps and minimize excessive
handling, the nucleic acid solution was treated with RNase
prior to any.precipitation steps. Most effective digestion
of RNA was accomplished using two enzymes (RNase T; at 30
units per ﬁl, and RNase A at 50 ug/ml, final concentrations)
similar to the method of Schilperoot (Patt, et al., 1974).
RNase treatment was continued for 45 min at 40°C with occa-
sional swirling, after which the ribonucleases were removed
by another deproteinization. Following this, the aqueous
phase was removed to a small beaker. (The wide mouth of the
beaker allowed easy removal of the precipitate later.)

Preliminary experiments had shown that DNA could be
effectively precipitated using either isopropyl or ethyl al-
cohol. Because isopropanol should selectively precipitate
DNA from a mixed nucleic acid solution (Marmur, 1961), the

DNA was precipitated by the slow, dropwise additon of 0.3-
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0.35 volume of isopropanol while swirling the beaker by
hand., The resulting precipitate could by wound out of the
solution with a glass rod, whereupon it was simultaneously
sterilized and dehydrated by washing in 70% ethanol. After
draining, the precipitate was suspended in a flask contain-
ing 0.5 volumes (relative to the initial volume) of 0.1 X
SSC. The DNA was dissolved by gentle swirling, after which
the solution was adjusted to SSC concentration by the addi-
tion of 0.1 volumes of 10 X SSC. The solution was again de-
proteinized. After centrifugation, the aqueous phase was
again transferred to a beaker and was subjected to DNA pre-
cipitation according to Marmur (1961), including the addi-
tion of 0.1 volume acetate-EDTA prior to precipitation with
0.5-0.55 volumes isopropanol. Mixing, however, was effected
as before:‘gentie swirling rather than mechanical agitation

or shaking.

Characterization of Extracted DNA

In order to test the effectiveness of the purification
procedure, a series of analytical experiments was performed
on a representative sample. Recovery analysis is summarized
in Table I. Purity of the final solution was assayed accord-
ing to standard procedures (see Methods). The preparation
contained 2.6% carbohydrate. Analysis of this and several
other samples for RNA and for protein indicated that neither

could be detected in any quantity.



