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ABSTRACT 

The gluconobacters are well known for their plasma membrane-bound 

dehydrogenases that rapidly oxidize compounds and release the products into 

the medium. In 1989, Qazi et al. proposed that genes coding for membrane- 

bound glucose dehydrogenase are on a plasmid in G. oxydans strain ATCC 

9937. The only other known report of gluconobacter plasmids was by Fukaya, 

et al. who reported that 23 of 36 strains examined contained plasmids. I wish 

to learn more about the presence and significance of plasmids in the glucono- 

bacters. In this study, I selected 14 strains representing the three G/uconobacter 

Species to determine possible similarities and differences in their plasmid pro- 

files. To date, our most susccessful method for extracting plasmids involves 

alkaline lysis of cells at 60°C followed by phenol-chloroform extraction which 

leaves the nucleic acids in the aqueous phase. These nucleic acids are then 

precipitated in a LiCl-ethanol solution using glycogen as a carrier, and plasmids 

are separated on agarose gels. We found that 11 of the 14 gluconobacter strains 

surveyed contain plasmids ranging in size from 2.7 to greater than 200 kb. The 

type strain of the genus (G. oxydans strain ATCC 19357) contained 6 plasmids 

ranging in size from 4 to 120 kb. Strains from G. frateurii and G. asaii also 

contained a wide range of plasmid sizes. Hybridization techniques were utilized



to determine if plasmids of similar size are genetically similar. The 2.7 and 16.2 

kb plasmids of G. oxydans strain ATCC 621 and IFO 12528 were shown to 

share homology. The 100 and 120 kb plasmids of G. oxydans strain ATCC 

19357 hybridized with the 250 kb plasmids of ATCC 621 and the 210 kb plas- 

mid of ATCC 9937. Also showing homology were the 6.4 kb plasmids of G. 

oxydans strains ATCC 9937 and IFO 12467.
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INTRODUCTION 

The 8th edition of Bergey’s Manual (6) places acetic acid bacteria into 

one of two genera (Acetobacter and Gluconobacter) within the family Aceto- 

bacteraceae. Based on DNA/DNA homology and phenotypic studies (18,16) 

the genus Gluconobacter is divided into three species; G. oxydans, G. frateurii, 

and G. asaii. 

The gluconobacters are gram negative rods having a strictly respiratory 

type of metabolism using only oxygen as the terminal electron acceptor (6). 

They are known to rapidly oxidize many different types of hydroxyl-containing 

compounds primarily using plasma membrane-bound dehydrogenases (1). 

These enzymes remove two electrons from the substrate and the oxidized prod- 

uct is released into the surrounding medium. These rapid oxidations provide 

hydrogens (H+, e-) to the electron transport system which may function to 

create a proton motive force to drive ATP synthesis and other energy-requiring 

reactions. Quick translocation of protons out of the cell may also serve to pro- 

tect the cell against the acidic evironment it inhabits (11). These single-step 
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oxidations produce a variety of products useful in industry. For example, these 

organisms are used for one of the steps (Sorbitol to sorbose) in the production 

of Vitamin C and for producing dihydroxyacetone from glycerol. 

The second type of oxidation in the gluconobacters requires transport of 

the substrate into the cell. Once inside the cell, two hydrogens are removed 

from the substrate by a soluble, NAD(P)-dependent dehydrogenase. The hy- 

drogens are passed to the electron transport chain, and the oxidation product 

is further oxidized within the cell (1). 

Although many Investigations have been made on the physiology of 

these bacteria, the genetics of the gluconobacters have not been well studied. 

Qazi et al (20) proposed that the genes coding for glucose dehydrogenase syn- 

thesis in G. oxydans strain ATCC 9937 are on a plasmid. In the only other 

known report on gluconobacter plasmids, Fukaya et al. (8) found that 23 of 36 

gluconobacter Strains contained plasmids. 

The following study is a characterization, by molecular weight analysis 

and hybridization, of plasmids in this industrially important genus to provide 

a basis for further genetic investigation. Fourteen strains representing all three 

Gluconobacter species were surveyed for plasmids using an alkaline lysis proce- 

2



dure. Plasmid molecular weights were estimated and hybridizations between 

plasmids were performed to determine if plasmids, especially those of similar 

size, showed homology. This characterization is intended to serve as a Starting 

point for determining if certain strain characteristics are coded for on a plasmid 

and to provide data for future selection of small plasmids that might serve for 

constructing transformation vectors.



MATERIALS AND METHODS 

Cultures. The strains used in this study are listed in Table 1. 

All gluconobacter strains were originally taken from liquid nitrogen stock cul- 

tures and were grown in 50 ml of 5% sorbitol broth as previously described 

(18). Cells were harvested in the exponential growth phase. Working cultures 

were prepared in glycerol and held as unfrozen suspensions at -4°C as previ- 

ously described (25). Cultures to be used in plasmid preparations were grown 

by inoculating 0.2 ml of stock culture to 50 ml of sorbitol broth and incubated 

as described above. 

The £. coli culture was stored on a Difco tryptic soy agar slant at 4°C. 

Slant cultures were used to inoculate 50 ml of tryptic soy broth and broth cul- 

tures were incubated with shaking at 28°C for 20 hours.
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Reagents. Trizma base, d-sorbitol, ethylenediamine tetraacetic acid, sodium 

dodecyl sulfate, sodium hydroxide, and ethidium bromide were purchased from 

Sigma Chemical Co., St. Louis, MO. Sucrose, glycerol, glacial acetic acid, hy- 

drochloric acid, phenol, and chloroform were purchased from Fisher Scientific 

Company, Fair Lawn, NJ. Tryptic soy media, yeast extract, and bacto-peptone 

were obtained from DIFCO Laboratories, Detroit, MI. Lithium chloride was 

obtained from J.T. Baker Company, Phillipsburg, NJ. Ethanol was obtained 

from Aaper Alcohol and Chemical Co., Shelbyville, KY. Agarose was obtained 

from Bethesda Research Laboratories, Gaithersburg, MD. Low melting point 

SeaPlaque GTG agarose was obtained from FMC Bioproducts, Rockland, ME. 

Glycogen was obtained from Boehringer Mannheim, Indianapolis, IN. Bro- 

mophenol blue was obtained from Canalco. 

Buffers. The buffers referred to in the following methods were made as follows. 

E buffer contained 0.04 M Tris-acetate, 0.002 M ethylenediamine tetraacetic 

acid (EDTA), and 15% (w/v) sucrose (pH 7.9). Lysis buffer contained 0.05 M 

Tris-base, 15% (w/v) sucrose, 0.3% (w/v) sodium dodecyl! sulfate (SDS), and 

5.0% (v/v) 3 N NaOH. LiCl buffer contained 10mM Tris-HCl (pH 8), [mM 

EDTA, and 0.4 M LiCl. TE buffer contained 10mM Tris-HCl (pH 8) and



ImM EDTA. 50 X TAE buffer is 242g Tris, 57.1 ml glacial acetic acid, and 

100 ml 0.5 M EDTA (pH 8.0) brought to a final volume of one liter with dis- 

tilled water. Tracking dye contained 0.25% (w/v) bromophenol blue and 40% 

SuCcrOSEe. 

Modified Kado and Lui plasmid isolation method (13). Five ml of culture was 

centrifuged for 10 minutes at 13,300 x g and the pellet resuspended in 200u1 of 

E buffer. Cells were lysed by adding 400 ul of lysis buffer to the cells in E 

buffer, and this suspension was mixed gently with wrist action for 1 minute. 

The resulting lysate was then placed in a 60°C water bath for 30 minutes. 

Then, 100 ul of sterile 2 M Tris-HCl (pH 7.0) was added to the lysate with wrist 

action mixing followed by a 20 minute incubation at 37°C. 

To remove protein and lipid, the lysate was extracted with 1.2 ml of 

phenol-chloroform and was gently mixed for about one minute with wrist ac- 

tion. This mixture was then centrifuged for 15 minutes at 13,300 x g to facili- 

tate phase separation. The aqueous (top) layer was then carefully removed so 

as not to disturb the phenol-water interface. The aqueous phase was then ex- 

tracted again with chloroform only.



To concentrate the plasmid DNA contained in the aqucous phase, the 

following precipitation was performed (23). One ul of glycogen (20 ug per wl), 

O.1 volume of LiCl buffer and 2.5 volumes of cold 95% ethanol were added to 

the aqueous phase. After briefly mixing on a vortex, this mixture was stored 

at -80°C for 30 minutes. Next, the tubes were microcentrifuged (at top speed 

in a Microspin Model 24S centrifuge, Sorvall Instruments) at 4°C for 20 min- 

utes. The resulting pellet was dried under a vacuum, resuspended in 60 ul of 

TE buffer, and stored at 4°C. This is the plasmid sample. 

Agarose gel electrophoresis. Gels were made by suspending 0.7% (w/v) agarose 

in | X TAE buffer. Plasmid samples (Sul) were mixed with TE buffer (Su) and 

tracking dye (2ul) then loaded into the gel (15). Gels were emersed in | X TAE 

buffer and electrophoresed in a Hoefer HE33 submarine agarose gel unit using 

50 Volts for about 2.5 hours until the tracking dye had travelled to within | cm 

of the bottom of the gel. Gels were stained in 15 ml of 0.5 mg/ml ethidium 

bromide for 10 minutes.



Photographing the gels. After staining, the plasmid bands were visualized under 

UV light provided by a PhotoDyne transilluminator. The gel was then photo- 

graphed using a Polaroid camera with Polaroid 667 black and white film. 

Plasmid size estimations. The sizes of Gluconobacter plasmids were estimated 

by comparing the distance travelled in an agarose gel with distances travelled 

by plasmids with known sizes. Standards used were: supercoiled 2-16 kb ladder 

from Bethesda Research Laboratories ; Escherichia coli strain V517 plasmids 

2.1, 2.7, 3.1, 5.1, 5.6, 7.3, and 54.3 kb (14); Mycobacterium avium strain LR25 

plasmids 17, 28, and 162 kb (5). The distance the standards migrated in the 

gel was measured from the photograph, and these distances were plotted 

against their Known molecular weights on a semilogarithmic scale. 

Gluconobacter plasmids of unknown sizes were compared with the stan- 

dards in one of two ways. If the unknown plasmid was smaller than the 54 kb 

plasmid standard, the standards and unknown were analyzed by linear re- 

gression and the unknown size calculated. However, unknown plasmids larger 

than the 54 kb plasmid standard were compared with a hand-drawn standard 

curve prepared on 3 cycle semi-log paper (Appendix A). Two types of analysis 

9



were necessary because above the 54 kb standard, the standard curve was no 

longer linear. 

Plasmid extraction from an agarose gel (23). First, the plasmid band was excised 

from a low melting point agarose gel and heated at 70°C for 10-15 minutes to 

melt the agarose. The approximate volume of the gel slice was measured with 

a pipette, and TE buffer was added so the concentration of agarose in the final 

volume was less than 0.5%. The gel slice with TE buffer was heated for about 

5 minutes at 70° C then quickly vortexed. An equal volume of 

phenol/chloroform was added to the hot solution and vortexed for one full mi- 

nute. After vortexing, the mixture was left at room temperature for 5 minutes 

and then transfered to -80°C for 30 minutes. The mixture was then microcen- 

trifuged for 15 minutes at 4°C and the aqueous phase (S1) was removed. 

Another one-half to one volume of TE buffer was added to the phenol 

phase and the phenol-chloroform extraction was repeated. The aqucous phase 

(S2) was removed and added to Sl. To precipitate the DNA from SI + S82 

fraction, lug glycogen, 0.5 volumes LiCl buffer, and 2.5 volumes of cold ethanol 

were added, and this mixture was left at -80°C for at least 30 minutes and then 

10



microcentrifuged for 20 minutes at 4°C. The supernatant was discarded, the 

pellet dried in the Speed-Vac, and resuspended in 30ul of TE buffer and stored 

at 4°C. 

Southern transfer (21). Plasmids to be probed were electrophoresed on an aga- 

rose gel as described earlier. Then a Southern transfer was performed by plac- 

ing the gel directly on 3MM Whatman filter paper that had both ends placed 

into 0.4 M NaOH. A sheet of nylon membrane (0.45um Nytran from 

Schleicher & Schuell) cut to the size of the gel was placed directly on top of the 

gel. Then a piece of filter paper and a 3 inch stack of paper towels were placed 

on top of the membrane and a 500 ml jug of water was used on top as a weight. 

Plastic wrap lined the edge of the gel and the setup was allowed to stand over- 

night at room temperature. After disassembling the transfer pyramid, the 

membrane was baked at 120°C for 20 minutes in a Hotpack oven (Western 

Electric) to fix the DNA to the membrane and then stored at room temper- 

ature. 

11



Probe labeling and hybridization (2). Plasmids that had been extracted and pu- 

rified from low melting point agarose gels were labeled and used as probes. The 

labeling was done by the random priming method according to instructions in- 

cluded with the Bochringer Mannheim Genius 1| kit. Plasmid DNA to be la- 

beled was first denatured by boiling for 10 minutes and chilled quickly on ice. 

The DNA was mixed with hexanucleotides, dNTP mixture, sterile water, and 

Klenow enzyme (according to the kit instructions) and incubated at 37°C. The 

recommended incubation time was extended up to 20 hours to maximize the 

amount of labeled DNA (12). The mixture was precipitated with LiCl buffer 

and ethanol at -80°C, centrifuged, and the pellet resuspended in 50 ul of TE 

bufffer. 

Hybridization was performed according to the Boehringer Mannheim kit 

instructions (2) using the following guidelines and alterations. Following the 

Southern transfer and heat fixing, the membrane was placed in a sealed bag 

with prehybridization solution (2) and incubated in a 68°C waterbath for | 

hour. The prehybridization solution was replaced with hybridization solution 

containing freshly denatured labeled DNA (25ul of labeled probe was added to 

12.5 yl of hybridization buffer) and the bag was sealed incubated at 68°C for 

6 hours. The membrane was washed with salt solutions according to the in- 

Structions and left to air dry for subsequent storage at room temperature. 

12



Following hybridization, a colorimetric detection assay was performed 

Strictly according to the instructions. The membrane was stored in TE buffer 

in a sealed bag until it was photographed. The membrane was removed from 

the bag and placed on a light box and photographed with Kodak TMAX 100 

black and white film in a Pentax K100 35 mm camera. Prints were made from 

negatives turned wrong side up to insure that the gel lanes in the prints would 

be in the same order as the photograph of the original agarose gel. 

13



RESULTS 

Analysis of plasmid size standards. The migration in agarose gels of 

known standards was determined. Figure | shows the gel electrophoresis of the 

standards used and a representative standard curve generated by measuring the 

distance migrated in 0.7% agarose gels. 

Up to the 54 kilobase (kb) standard the relationship between distance migrated 

and size was linear. 

Number and size of plasmids from gluconobacters. Fourteen strains re- 

presenting all three species of Gluconobacter were surveyed for the number of 

plasmids in each. The size (kb) of each plasmid was estimated by comparing 

its migration in agarose gels with Known standards. Figure 2 shows the gel 

electrophoresis of some representative gluconobacter plasmids next to the stan- 

dards. 

To estimate the size of gluconobacter plasmids, the distance these plasmids mi- 

grated was measured from the photograph and compared with the standard 

14
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Figure 2: Representative gluconobacter plasmids shown with molecular weight 
standards. A. Lane 1: G. oxydans strain ATCC 19357, lane 2: G. oxydans 
strain ATCC 9937, lane 3: 2-16 kb supercoiled ladder. B. Lane 1: G. oxydans 
strain ATCC 9937, lane 2: ATCC 19357, lane 3: ATCC 621, lane 4: LR25 
standards, lane 5: E. coli V517. 
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curve taken from the same photograph. For plasmids within the range of 0 - 

54 kb, the size estimations were done on the computer with linear regression. 

However, since the curve was not linear above 54 kb, plasmids larger than this 

standard were estimated from a hand-drawn plot similar to Figure | (Appendix 

A). Any plasmid above 162 kb (the largest standard) was estimated by ex- 

trapolation from the curve. Therefore, the larger the plasmid the larger the er- 

ror. 

The strains used and the sizes of their plasmids are shown in Table 2. 

Eleven of the 14 gluconobacter strains surveyed contained plasmids ranging in 

size from 2.7 to 260 kb. The type strain for the genus (G. oxydans strain ATCC 

19357) contained 6 plasmids ranging in size from 4.3 to 120 kb with two plas- 

mids 100 kb or larger. Plasmids of this size range were also found in G. oxydans 

Strains ATCC 621, ATCC 9937, and IFO 12467. The only other large plasmid 

was found in G. frateurii strain IFO 3271 along with 2 smaller plasmids. The 

other Strains of G. frateurii (IFO 3254, IFO 3264) contained one plasmid each. 

Two of the three strains from the third gluconobacter species, G. asaii, had ex- 

trachromosomal DNA. 

Plasmids were not found in three of strains surveyed (G. oxydans strains 

IFO 3294 and IFO 3244, and G. asaii strain IFO 3297a); however, the typical 
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Table 2. Estimated sizes of plasmids in selected Giuconobacter strains .* 

  

Species ° Strain ° Plasmid size estimations (kb) 

  

G. oxydans ATCC 19357 4.3, 19.5, 26.8, 40, 100, 120 

ATCC 621 2.7, 16.2, 250 

ATCC 9937 6.4, 13.9, 20, 130, 210 

IFO 12467 6.4, 26.8, 260 

IFO 3294 none detected 4 

ATCC 14960 16 

  

  

IFO 3244 none 

IFO 12528 2.7, 16.2 

G. frateurii IFO 3254 65 

IFO 3264 42 

IFO 3271 5.3, 13.5, 100 

G. asaii ATCC 43781 3.9, 6.4, 42 

IFO 3297a none 

IFO 3276a 20 

  

* Plasmid sizes were estimated by comparison to known standards (Figure 1) when run on the 
same agarose gel (see Materials and Methods). 

© Species designations are according to Mason and Claus (16). 

© Abbreviations are: ATCC, American Type Culture Collection, Rockville, MD.; IFO, Institute 
of Fermentation, Osaka, Japan. 

¢ No plasmids were detected in this strain, but plasmids may have been hidden by a smear that 
was characteristic of preparations from this strain. 18



presence of a large smear may have obscured plasmid visualization from strain 

IFO 3294 (Table 2). 

Hybridizations. Hybridizations were carried out to determine if any 

plasmids, especially those of similar size, had homologous DNA regions. The 

2.7 kb plasmid from G. oxydans (strain ATCC 621) was chosen to be used as 

a probe because of its small size and easy accessability for extraction in a low 

melting point agarose gel. This plasmid was used as a probe against plasmids 

from all other strains except IFO 3297a, and homology was found only with the 

same sized plasmid of G. oxydans strain IFO 12528 (Fig. 3 and 4). 

Homology was also found between the 6.4 kb plasmid of G. oxydans 

strain ATCC 9937 and the same-size plasmid in G. oxydans strain IFO 12467 

(Fig. 5 and 6). 

The 6.4 kb probe also demonstrated homology with the 16.2 kb plasmid of G. 

oxydans strain ATCC 621 

When the 16.2 kb plasmid from ATCC 621 was used as a probe, hybri- 

dization occured with the same-size plasmid from G. oxydans strain IFO 12528 

and with the 20 kb plasmid from strain ATCC 9937 (Fig. 7 and 8). 
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Figure 3: Representative agarose gel of strains used in Southern analysis of the 
2.7 kb plasmid from G. oxydans strain ATCC 621 (see Fig. 4). Lane 1, G. 
oxydans strain ATCC 19357. Lane 2, ATCC 621. Lane 3, ATCC 9937. Lane 
4, IFO 12467. Lane 5, IFO 12528. Lane 6, E. coli strain V517 (standards). 
Lane 7, G. frateurii strain IFO 3271. Lane 8, G. asaii strain ATCC 43781. 
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Figure 4: Southern blot resulting from the transfer of the gel shown in Figure 
3 and probed with labeled 2.7 kb plasmid DNA from G.oxydans strain ATCC 
621. Lane 1, G. oxydans strain ATCC 19357. Lane 2, ATCC 621. Lane 3, 
ATCC 9937. Lane 4, IFO 12467. Lane 5, IFO 12528. Lane 6, E. coli strain 
V517 (standards). Lane 7, G. frateurii strain IFO 3271. Lane 8, G. asaii strain 
ATCC 43781. 
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