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ABSTRACT

Acinetobacter phosphadevorus was originally isolated from ac-
© tivated siudge because of its phosphate upfake capabilities. The orga-
nism is able to grow on a variety of carbon compounds of chain length

' ranging from C-1 to C-40, but does not catabolize sugars. The plasmid

content of A. phosphadevorus was compared to that of other Acinetobacter

V"spu A single plasmid (29 Mdal) was found in A. phosphadevorus. When

cured of the 29 Mdal piaSmid (pYG1l), A. phosphadevorus was unable to

grow'on the n-alkanes Cg'through Cig. Growth on tﬁe other alkanes

tested (Cll through C;g and CZO) was normal. Two other Acinetobacter

sp. were also found to harbor plasmids.

Several growth substrate mutants of A. phosphadevorus were also

isolated and charaCterized in this study, including two classes of n-
‘Aalkane mutants. One strain, HP-6, was unable to grow on Cg thfough
C12, exhibited slight growth on Cj3 and Cj4, and grew well on C15
through C318 and C2p. The other strain, HP-2, was unable to grow on Cis
thréugh C37, exhibited slight growth on Clj, Ci4s C18, and C20, but
grew well on Cg through Cjs.

Two-otyer growth sﬁbstrate mutants isolated were a citrate mu-
tant and an acetate mutant. These were characterized using radiolabelgd
substrates. It was found that the citrate mutant was defective in its
citrate transport system, and the acetate mutant was able to oxidize
l4c-1abeled acetate but unable to gfow on that’cbmpound.

vii



CHAPTER 1

INTRODUCTION

Acinetobacter phosphadevorus (P-7) is a gram—negative cocco-
bacillus approximately 1 uym in diameter, occurring in clusters. It is
a strict aerobe and is non-motile. Whén grown in culture, nitrites are
not oxidized to nitrates, it is oxidase negative and catalase positive,
it is resistant to penicillin and forms large volutin granules (42).

A. phosphadevorus was originally isolated from activated sludge

because of its phosphate uptake characteristics (42). " Initial studies

demonstrated that developed Tucson sludge containing A. phosphadevorus
could reduce the concentration of dissolved phosfhates in Tucson sewage
to 20% of that normally present (43). Volatile acids such as acetate
were found to be the primary growth substrate for this ofganism in sew-
age (43).

Ferguson (13) demonstrated that a wide range of substrates would

support growth of A. phosphadevorus. The substrates supportingrgrOWth

included one-carbon compounds such as formate and methanol, as well as
hexadecane and motor oil. All carbohydrates and most aromatic compounds
tested did not support growth.

The hydrocarbon growth characteristics of A. phosphadevorus were

examined by Nash (34). It was shown that the organism could degrade
n—parafins-as large as tetracontane, but the organism preferred lower
molecular weight hydrocarbons, such as dodecane. Electronmicrographs of

1



2
hexadecaﬁe.grown cells revealed the presence of large hexadecane inclu-
sions in the cells.

The characteristic traits of some bacterial species have been

shown to be plasmid encoded. Citrate utilization by Escherichia coli

strains (23), lactose fermentation by Streptococcus lactis subsp.

diacetylactis (28), gnd~hydrocarbon degradation by pseudoﬁonads (5) are
all examples of such plasmid mediated functions. Other phenotypes en;
coded by plasmidsrinclude dr@g resistance, colicin production, viru-
lence, resistance to metal ions, tumorgemesis in plants, production of
DNA restfictién and modification‘enzymgs, and synthesis of ofganic chem-

icals (9, 20, 12, 37, 46, 24, 8).

Publications describing plasmids in Acinetobacter sp. have been

scant. The first mention of plasmids in Acinetobacter sp. was by

Christiansen (7). The functions of these plasmids were not determined.

A mercury resistance plasmid in an Acinetobacter sp., isolated from
'Chesapeake Bay sediment, has recently been described (38). Hinchcliffe

and Vivian (21) have characterized a native plasmid of Acinetobacter

calcoaceticus. The plasmid (pAVl) is a self-transmissible sulfonamide

resistance factor of limited host range and belonging to the P incom~
patibility group.

The Acinetobacter sp. resemble the pseudomonads in being able

to utilize a variety of organic compounds as growth substrates (18).
'In Pseu&omonas‘sp.9 some of the hydrocarbon growth traits have been
shown to be plasmid mediated (5). Two significant features of these

plasmids are: 1) some of them belong to different incompatibility



3
~groups (5); and 2) it has been shown that some of these hydroéarbon ae—
‘grading fuhctions are transposgble (6). These features can greatly en-
',hénce the versatility of the host organism; i.e., an organism containing
ééﬁeral such degradative plasmids may Be useful in cleaning up oil -
spills or the ballast holds of oil tankers (2, 19).
| Most of the hydrocarbon degradative plasmids in Pseudomonas sp.
mediéte catabolism of arométic compounds. The SAL (salicylafe) and NAH

(naphthalene) plasmids code for the entire degradative pathways for
their respective substratés; including a functional méta pathway (4,
11). -Other plasmidsrépecify enzymes for only a portion of the degrada-
: tivé pathway. Féf example, the CAM (campﬁor) plasmid codes for the deg-
;adation of gamphor to isobutyrate; therefore, the host must be able to
metaﬁolize isobutyrate if it is to be able to grow on camphor (41).

The TOL ané XYL ﬁlasmids specify the same degradative functions,
that is,_the abiiity to catabolize p— or m—toluene and the correspoqd—
ing xyienes (48). The plasmids appeér to have the same xylene degrada-
tive genes, the,expﬁession of which are regulated in similar manners.
The only appafent difference is that TOL is self-transmissible and XYL
is not (16).

Other aromatic hydrocarbon degradation functions that are plas-
mid mediated in Pseudohonas sp. include: nicotine and nicotinate deg-
radation; 3,5 xylenoi and p-cresol degradation;-and possible plasmid

'involﬁement in steroid degradation (45, 22, 44).
- An n;alkane degrading plasmid (OCT) was found in a Pseudomonas

oleorovans strain (36)° Host strains are capable of growing on the



4
hydrocarbons n-hexane throughrn—decane via monoterminal oxidation (36).
The plasmid ques for thé inducible alkane hydroxylating and primary'
alcohol dehydrogenafing activities; the.enzymes of the fatty acid cycle
are coded for by»the host chromosome (18).

The hydrocarbon degradative plasmids discuésed so far have been
excl&sively isolated from Pseudomonas; however, such plasmids have re-
cently been shown to be present in other bacteria. 4The_functions medi-
~ ated by these plasmids include: degradation of pesticides by Alcali-

genes paradoxus (15); 2-hydroxypyridine utilization by Arthrobacter

crystallopoites (47); and degradation of the unnatural synfhetic sub-—

strate 6—aminohexanoic acid by a Flavobacterium sp. (35).

The isolation and characterization of the plasmid observed by

Kronland (29) in A. phoéphadevorus was the main purpose of this study.
This was accomplished By examining‘mini lysates of A. phospha-
devorus for the presence of extrachroﬁosomal DNA. The approximate size
of the plasmid was determined by comparisén with plasmids of known size.
Ethidium bromide curing resulted in tﬁe isolation of a plasmidless

strain of A. phosphadevorus. This strain was then examined for loss of

drug resistance, metal ion resistance, growth substrate abilities, and
Juxury phosphate uptake. .

A secondary goal of this study was to isolate growth substrate
mutants generated by'N—methyl-N-nitro-anitrbsogﬁanidine (NTG) treat-~
ment. These>mutants were then characterized by testing for growth on -
different substrates and by’examining the metabolism of>varipus radio-

labeled compounds by these mutants.



CHAPTER 2

MATERTIALS AND METHODS

Microorganisms

Acinetobacter phosphadevorus P-7 was obtained from Irving Yall,

Ph.D. Acinetobacter. calcoaceticus, Acinetobacter anitritus originally

ATCC #12381, and Herella vaginicola derived from ATCC #12359 were ob-

tained from the stock culture collection at the Microbiology Department

at the University of Arizona. Escherichia coli strain V517 was obtained

from Donald Zink, Ph.D. The mutant P-7 strains used in this study are

described in Table 1.

Chemicals

The chemicals used were of reagent grade. All hydrocarbons em—
ployed were 997 pure n—-alkanes. Texas crude oil was obtained from
Phillips Petroleum Company. N-methyl-N-nitro-N-nitrosoguanidine was
obtaingd from‘Sigma’Chemical Company. The source of orthophosphate—32P,
glycine—1—14C, glycine—Z-lﬁc, acetate-1-14c, octanoate—l—14c, a-keto-
glutarate—U—14C, and citrate-1,514C was New England Nuclear Corporationm.
‘Acetate-2-14c wés obtained from the International Chemical and Nucleér

Corporation. All isotopes had a radiometric purity of 97.5-99%.



Table 1. Bacterial Strains

Strain Genotype Source
P-7 | wildtype (pYGl)2@ I. Yall
EB-22 wildtype . Ethidium bromide curing of P-7
cp-1 ~ cit™P (pyel) NTG mutant of P-7
AP-2 ace~ (pYGl) NTGimutaht of P-7
HP-2 hex™ (pYGl) NTG mutant of P-7
HE-5 hex™ | ethidium brbmide curing of HP-2

- HP-6 dod™ S NTG mutart of P-7 which sponta-
neously lost pYGl

V517 E. coli reference® D. Zink

8The plasmid in P-7 has been designated pYGl.

bThe abbreviations used are: cit = citrate; ace = acetate; hex =
hexadecane; dod = dodecane; and NTG = N-methyl-N-nitro~N-nitroso-
guanidine. ' ‘

CHarbors reference plasmids with molecular weights of 35.8 x 1.06é
4.8 x 106, 3,7 x 108, 3.4 x 106, 2.6 x 106, 2.0 x 106, 1.8 x 109,
and 1.2 x 105,



| Media

Koser's citraté broth (Difco Laboratories) contained per liter
Vof distilled water: 1.5 g sodium ammonium pﬁosphate, 1.0 g monobasic
potassium phosphate, 0.2 g magnesium suifate-7—hydrate, and 3.0 ¢

sodium citrate.

Carbon-free basal medium, used to determine which carbon
sources would support growth, contained pér liter of distilled water:
1.5 g sodium ammonium phosphate, 1.0 g monobasic potassium phosphate,

"and 0.2 g magnesium sulfate-7-hydrate.

Peptone broth and acetate broth contained per liter of basal
medium: 20 g Bacto—ﬁeptone (Difco) and 4.0 g'sodium acetate,
respectively.

Hexadecane agar plates Qonsisted of basal medium agar plates
spread with 0.1 ml hexadecane,

‘Trypticase soy broth (BBL) plus yeast extract (TSB+YE) con-
tained per liter of distilled water: 17.0 g trypticase peptone, 3.0 g
phytone peptone, S;O.g sodium chloride, 2.5 g diﬁotassium phdsphate,
and 6.0 g yeast extract (Difco).

The pH of all media was adjusted to 7.5 with 5.67% KOH, unless
otherwise indicated. Solid media was prepared by adding 15 g off agar
to one liter of the appropriate broth.

| Penassay bfoth (Difco) contained per liter of distilled water:
.~1.5 g Bacto yeast éxtract, 5.0 g Bacto peptone, 1.0 é Bacto déxtrose,
3.5 g éodium chloride, 3.68 g dipotassium phosphate, and 1.32 g mono-

potassium phosphate. The pH was adjusted to 7.60 with 4.0% sodium



hydroxidé° The media was filter sterilized to.preﬁent any pH changes

-due to autoclaving. »
Tris-citréte—ammonium sulfate contained per liter of distilled

water: 12L1 g Tris'(hYdrpxymethyl) aminomethéne9 3.0 g sodium citrate,

and 0.6 g ammonium sulféten The pH was adjusted with 5.0 M hydrochlo~

ric acid.

Growth Conditions

For mutageneéis and isotope studies, cells were grownrin 100 ml1
of media per 500 ml Erlenmeyer flask. Broth cultures for mini~lysate
preparations were grown in 20 ml of TSBfYE media in a 125 ml Erlenmeyer
.flaék, Aeration for broth cultures was provi&ed by continuous shaking
. on a New Brunswick rotary shaker (Model C.S.) at 200 RPM. Plate, slant,

and broth cultures were incubated at 25 C, unless otherwise indicated.

Centrifugation Conditions

Cells were harvested in'a Servall RC-2 or a Beckman Model J2-21
refrigerated centrifuge at 17,000 x g, 4 C, for l5:minutes, unless’

otherwise indicated.

Mutant “Tsolation -

Growth substrate mutaﬁts were théinéd by NTG treatment (1), 
Sglection was accomplishedbﬁy'émpicillin treatment‘C17); Cells were
grown in peptone broth' to mid-logarit::htﬂic.phaseD harvested; and resus—
pended in 0.25 o:iginai volume of Basal medium (pH,690), NIG was added
to a final concentratioﬁ of 50 pg/ml'and the suspension incubated at

25 C for 30 minutes. Treated cells were harvested, washed once with
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basal medium (pH 7.5), resuspended in 100 ml of peptone broth, and in-
cubated at 25 C. After three hours,.the cells were harvested, washed
once, and resuspended in basal medium (0.1 original volume). The sus-—.
pension was traﬁsferred to growth media containing 1.0.mg/m1 ampicillin,
incubated for two hours, the cells were harvested, washed once with
basal medium, and resuspended in basal medium. A flask containing
100 ml of peptone broth was inoculated with the selected cells, incu-
bated overnight, and the cells plated on peptone agar plates. The
platés were incubafed for two days, then isolated colonies were trans-—
ferred to peptone agar plates on a grid allowing 40 colonies per plate.
These master plateé were incubated for two days,'then replicated onto
Koser citrate agar, acetate II agar, and hexadecane agar plates. The
isolates unable to grow on a particular substrate but able to grow on

the other two substrates were selected for further study.

Mutant Characterization

Basal medium agar plates containing 1,000 ppm totai carbon of a
particular substrate were used to screen for other growth substrate -de-
fects present in the mutants. The mutant strains were streaked onto
the various substrate agar plates, the plates were incubated for three

da&s, then scored for growth.

Determination of Radioactivity

A Packard Tri-Carb liquid scintillation counting system, Model

- 3320, was used to measure radioactivity. The sciﬁtillation fluid
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contained per liter: 4 g Z,S—bis—Z(5—tert—buty1benzoxazolyl)—thiophene
(BBOT), 80 g'naphthalene, 400 ml ethylene glycol monoethyl ether, and

600 ml toluene.

i

Determination of Dry Weight

Microporous filtration was used for dry weight of cell mass
determinations. Cells were concentrated 10 fold by centrifuging in a
Beckman Model J2-21'centrifuge (17,000 x g; 10 miﬁutes) and resuspended
-in basa-lvmedium° Al ml.aliquot was passed throﬁgh a tared 0.22 um
(pofe size) Millipore membrane filter pad (47 mm), The filters were
dried to a qonstant-weight at 70°C in a Blue Dot drying 6ven for 18

Ihours before weighing.

Radioisotope Studies

Warburg flasks ﬁere used as reaction vessels. The center well
was filled with 0.3 ml of 20% KOH theléide a#m contained 0.5 ml of
0.1 M H2504° Mid-exponential phase cel1s were harvested,vwashed once
with basal medium, and resuspended in IO% of the original vqlumefin'
basal-medium. Two‘mlvbf'cellsvwere added into'each.flask_alohg with
0,5 nl éf the appropriate labeled substrate. Tﬁe flasks were set on
the Warburg watér bath shaker_at 25 C,  After 30 minutes, the 0;1 M
HZSO4 Qas dumped info the main. chamber to sfgp tﬁé reactipn, aﬁdrthe
. flasks incubated for 15 minutes,>

A 0.1 ml sample from.the KOH ofveach'flésk was removed for
- scintillation counting; the»remaining KOH was remqﬁedbfrom the well.

The cell suspension was transferred to a centrifuge tube; the flask
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was washed twé times with 0.15 M NaCi‘énd therwash¢5'added to the cen-
-trifuge tube. The cells were washed once with 0.15 M NaCl. The wash
and supernatant fractions were pooled,.and the éells ﬁeré resuspended
in 1.0 ml of basal medium. . Samples of the cells and supernatant frac—

tion were removed for scintillation counting.

'Mini—Lysate Prgparation

Cells were grown in TSB~YE media to late 1og phase (40). The
cells (1.5 ml portions) were harvested in a Beckman microcentrifuge
Model BG, (five minutés).at room temperature. The cells were washed
once with 1.0 ml of TE (50 wM Tris-hydrochloride pH 8.0, 10 mM EDTA)
buffer, recentrifuged, and resuspended in 40 ul of TE. Cells were
lysed and the chromosomal DNA denatured by transferring the cell sus-
" pension to 0.6 ml of lysis buffer (TE + 4% SDS, pH 12042),Athen incu-
batipg at 37 C for 20 minutes. After denaturation,‘the samp1e4was
. neutralized by adding 50 pl of 2 M Tris-HCL (ka7,0), mixed, 160 ﬁlrof
)5 M NaCl waébadded, and the sample‘ihcubéted at 0 C for at least 60
minutes. The precibitated chromosomal DNA was pelleted (five minutes,
25 Cg'iq a microcentrifuge), the'supernatant fraction tranéferred to
: ahother tdbe,'and 550 ui of cold isopropanol (~20 C) Wés added to the
Supernatantf The Supernatant_fraction was incubated for 30 minutes at
—20 C, and the precipitate‘pellefed by céntrifuging for five ﬁinuteé
(in the microcentrifuge at 25 C). The pellet was dried inAa vacuum énd
k. resuspended in 30 ul of TES (30 mM Tris-hydrochloride pH 8.0, 5 mM
EDTA; 50 mM NaCl buffer° The samples were stored at -Zd C if not used

“immediately.
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Gel Electrophoresis of Mini-Lysates

Mini-lysateés were electrophoresed in 0.77% agarose (Bethesda
Research Laboratories), dissolved iﬁ Tris~borate buffer (89 mM Tris,
2,5 mM disodium’EDTA, 89 mM boric acid) (33). A 15 pl aliquot of each
sample was mixed with 5 ul of marker dye solution (0.07% bromophenol
blue, 7% sodiﬁm dédecylsulfaﬁe, 33% glycerol) and loaded onto the gel.
Electrophoresis was carried out on a BRL Model HO horizontal gel appa-
, fétus. The power source was an LKB Model 2103 power supply. Electro-
phgrésis was carried éut at 60 mA, 125V, The gel was stained in
Tris~borate buffer containing 0.5 ug/ml of ethidium bromide for 30 min-
u;es, The gel was destained and the DNA bands visualized on a
Chromato—Vué Transilluminator, The gel waé photographedrwifh a Minoltg

SRT 201 camera using Kodak Plus X pan film. .

Plasmid Molecular Weight Determination

Plasmids‘of known molecular weight were qbtainéd from Eséher-
ichia coli strain V517 éobtained frém D. Zink). Thié strain contains
| eight plasmidé and\serves as a ready reference plasmid source.(31).‘
The weights for réference plasmids were 35.8 x 106, 4.8‘x 106,

3.7 x 108, 3.4 x 106, 2.6 x 108, 2.0 x 105, 1.8 x 10°, and 1.2 x 106.
A\plot of the log of relativé'mobility and the log of molecﬁlér weight
(M) yieided a 1inea£ éurire° This rglationship was used to determine

the size of the Acinetobacter sp. plasmids.
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Ethidium Bromide Curing of Plasmid DNA

The minimum growth inhibitorf concentration of ethidium bromide
~was determined (3). A small inoculum (0.1 ml inoculum of a 10‘3 dilu~-
tion of log phaée cells) was grown for‘three days at 37 C, without
shaking, in TSB+YE containing a subinhibitory concentration of ethi&ium
bromide. The culture was plated on TSBHYE agar pl;ates° Isolated colo-
nies were picked and grown on master plates with 4Q colonies/plate.
Thése iSolates'were screened fof a loss of plasmid DNA by gel

. electrophoresis. . .

Growth Substrate Studies

'vadrocarbon growth substrates were tested by streaking carbon-
free basal medium agar plates with the strains to be examined; several
strains (up to six) were streaked on a single plate. A 2 cm x 2 cm
square of Gelman satur#tion pad (Gelman Instrument Company) was taped
to the top of the petri dish and saturated with 0.1 ml of hydrocarbon.
The plates were sealed with tape or large wide rubbef bands and incu-
bated for five days at 25 C.
| Screening tests for soluble growth substrates were carried out
with 7 mm conéentration discs. Discs were inoculated with 50 pl of a
1 M (or saturated) solution of an organic salt, dried, and placed on
basal medium agar plates that had been inoculated with approximately
107 colony forming units (CFU) of the strain to be tested.' Plates were

'incubaﬁed for 48 hours before determining the size of the growth zonmes.
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Antibiotic Sensitivity Screening

Screening tests for antibiotic_reéistance were carried out with
commercially-available antibiotic discs. The discs were placed on a
'TSB+YEraga; plate (six per plate) that had been inoculated with approx-—
 imately 107 CFﬁ'of the strain to be examined. Plates were incubated

for 48 hours before zone of inhibition sizes were measured.

Metal Cation and Oxyanion Sensitivity'Screenng

Screening tests for ion resistance were carried out with blank
7 mm-concentration discs (37). Discs were impregnated with'SO ul aii—
quots of a salt solution, dried, and then placed on a TSB+YE agar plate
that had been inocqlated'with approximate1§.107 CFU of the strain to be

examined.

Uptake of 3-21’-0rthophosphate

Straiﬁs té,be tested were grown to mid-log phase in Koser's
gitrate~broth, harVestedy washed once with Tris buffer (100 mM, pH 7.5),
reharvested, and suspended in Tris buffer (total concentration factor -
40 fold). One ml saﬁples of‘cells were. added to 125 ml Erlenﬁeyer
flasks containing 9.0 ml of Tris-citrate-ammonium sulfate growth media
and 10 pCi 32?—0rthophosphatg and incﬁbated with shakihg. Duplicate
100 y1 samples were taken at the indicated time intervals. Each sample
was addea to 0.9 ml of basal medium (pH 5.5) at 0 C té stop the reac—
tion. The cells were pelleted by céntrifuging for three m;nutes in a

Beckman microcentrifuge. A 100 ul aliquot of the supernatant fraction
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was removed for scintillation counting. An uninoculated flask served

as a control.



CHAPTER 3

RESULTS

Mutant Isolation and Characterization

Growth substrate mutants of él_phosphadevorus were generated by
vNTG mutageneeis, followed by ampicillin selection. Strains unable to
grow on citrate (strain CP-1), acetate (strain AP-2), hexadeeane
(strain HP-2); and dodecane (strain HP-6) as sole carbon sources were
isdlatedx These mutants were tested for growth on basal medium plates
containing acetate, citrate, malate, fumarate, dodecane, dodecanoic
acid, or hexadecane as sole carbon sources. It was found that the mu-
tant strains grew on all the substrates other than the substrate char-
acteristic of that strain.

Strains CP-1 and AP-2 were further characterized using radio-
labeled compounds. The uptake and utilization of these substrates were
measured and compared to that of the wildtype strain P-7 (Tables 2-6).

From the growth studies described above, it was shown that CP-1
»Awas unable to grow on citrate media but was able to grow on TCA cycle
: intermediates (malate and fumarate) as sole carbon sources. An expla-
nation for this could be that CP-1 was unable to take up citrate, but
the TCA cycle was still functioning.‘ To test this possibility, the up-
take and utilization of cityric acid (1,5—140) and a-ketoglutaric acid
(u-14¢) by CP—i WaS»coﬁpared to P-7. Acetic acid (1-14C)9 acetic acid

16
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Table 2. Uptake of Various Labeled Substrates by Peptone-Grown Strains.
P-7 .and CP-1 :

‘Isotope/Strain | - % Uptake?® . % Lost as‘COZb -

citrlc acid (1 5—140) , L . 7
P-7 ... 76 ’ .98

cp-1 . 10 : 73
: a-ketoglutarlc acid (U—14C) _— S -
' P-7 c ; 28 95
CP-1 ' ‘ ' ' 46 : 94
octanoic acid (1-14¢)
P-7 ' - -8 79
CP-1 : ' . ' 8 95
acetic acid (141405 ' _ _
P-7 ' 95 o 87
cp-1 , . 9% : ‘ 89
acetic acid (2-14c) 7 _ 3
P-7 L S 82 - | _ 73

cpP-1 . . S o 89 70

- Cells were exposed'to label for 30 minutes at 25 C‘with'shakith

A1l counts were obtained per-milligram cell dry weight.

Initial radloactlvity available: c1tr1c acid (1,514¢), 1.1 x 106 CPM;
‘o~ketoglutaric acid (U-14C), 8.0 x 104 CPM; octanoic acid (1-1 C),
2.6 x 105 CPM; acetic acid (1-140), 1.4 x 105 CPM; acetic ac1d (2—140),
8.4 x 104 CPM,

'3Expressed as the pércent uptake of radioactivity available.

bExpressed as a‘pércentage,of 14Crtaken“up>by the cells.
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(2-14¢y and‘octanoic acid:t1—14c) were included in this exﬁeriﬁént to
deterﬁine if fhe'uptake of otﬁer carboxylic acids was affectedg

Citric acid (1,5-14C) was readily taken up by P-7 (76%), but .
" CP-1 only removed 10% of the availablé label frém the media (Table é).
’VHowever, CP-1 was abie‘to take up éonsi&erably more a—ketoglutafic acid
(U—14C) (467) than was P-7 (28‘2)° Ninety—fourrpercent of the u4keto—
.glutaric acid (U-14C) taken up by CP-1 was oxidized to COy, indicating
fhat the TCA cycle was functioning 'in_CP;—l° The other labeled carBox—
ylic -acids tested were taken up at comparable levels by CpP-1 and_P—7.

To determine if the mutation in CP-1 was invoived inrthe ci-
. trate permease system, cell-free preparaﬁions,of CP-1 and P-7 were com-
pared for fhe ability to degrade citric acid (1;5-14C) (Table 3). CP-1
was able to oxidize citric acid (1,5614C) as was P-7, indipéting that
. the enzymes fo.the'oxidation bf citrate arebpresent in CP~1, There-
fore,'CP—l.may_bé mﬁtated’in the citfatebﬁransport system.

Ceil—free'preparatipns of CP-1 and P—? were also tested for
oxidation of octanoic acid.(l—lé?c)° This carboxylic acid was not read-
‘ily:taken up by the intact célls'(Table 2); and»the cell-free pfepara-
tions oxidized the laﬁeléd cOmfound'to only a negligible‘degreef
Therefpre,,it-was concluded fhat peptone;growﬁ ce115'ofuéL phospha-
devofus“do not contain the enzymes necessary for;octanoate oxidationm

- An experiment aesigned to furthef'characterize fhe.citrate
tfansport.system is'outlined:in Taﬁle 4. Various metabolic inhibitors
were used to determine their.effects on the uptake of éitric acid

(1,5f14C) by wildtype P-7 cells. Sodium arsenite, a potent inhibitor
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" Table 3. Oxidation of Labeled Citric Acid and Octanoic Acid by Cell-
Free Preparations of P-7 and CP-1 (Peptone Grown)

Isotope/Strain ‘ % Lost as C0p2

f

citric acid (1,5-14c)

P-7 - 74

CP-1 97
octanoic acid (1-14c)

p-7 1.3

cr-1 4.9

Cells were exposed to label for 30 minutes at 25 C with shaking.
All»counts were obtained per milligram cell dry weight.

Initial radioactivity available: citric acid (1,5-14¢), 7.2 % 104 CPM;
octanoic acid (1-14¢), 2.3 x 102 CPM.

8Expressed as a percentage of 14C initially available.
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Table 4. Effects of Inhibitors on Labeled Citric Acid Oxidafion in P-7
(Peptone Grown)

Inhibitors@ : % UptakeP % Lost as COpC
control ' 77 97
2 ,4~dinitrophenol 16 97
azide ' 56 99
arsenite 2 65

Cells were exposed to label for 30 minutes at 25 C with shaking°
All counts were obtained per milligram cell dry weight.
Initial radioactivity available: citric acid (1,5-14¢), 1.0 x 105 CPM.

Final inhibitor concentrations: 2,4-dinitrophenol, 10~2 M; sodium
azide, 10~2 M; sodium arsenite, 5 x 10-3 M.

4Cells preincubated for 30 minutes in the presence of the inhibitor.
bExpressed as the percent uptake of radioactivity available,

CExpfessed as a percentage of 14¢ ‘taken up by the cells.
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of the fCA cycle, almost complétely inhibited the uptake of 1abeléd
- citrate (27 of the available 1abe1‘was'removed); Sodium azide and
2,4edinitrophenol are inhibitors of electron transport and oxidative
phospho;Ylétion, respectively, and have differing effects on the uptake
of 1aBeled citrate (16% versus 56%, respectively).

Experimentation involving utilization of écetic acid (14140)
and acetic acid (2-14c) by AP-2 and P-7 was performed (Table 5). Al-
though AP-2 was unable tbngrpw on acetate agar plates, it was able to
take up and oxidize acetate. AP-2 and P-7 took up tﬁe labeled acetate
at comparable levels; there wefe, however, differences in the fate of
the carbon atoms. Experiments with acetic acid (1—14C) demonstrated
that the cérboxyl group is oxidized by AP-2. P-7 exhibits the normal
preference for the ﬁethyl group of acetate when usiﬁg acetic acid
(2—14C); i.e., only 34% of the label taken up is lost as COZ,‘as op-
posed to 71% of the label when using acetic acid (1—140) (25). AP~-2,
however, does not exhibit a great'preférence for the methyl group of
acetate, because 717 of the label taken up is lost as CO7 when using
acetic acid (2-14¢).

Previous work has indicated that unstarved mid-logarithmic

phase A. phosphadevorus cells incorporate the methyl group via the se-

rine pathway with a loss of the carboxyl group as COy (25). Since AP-2
Q}idizes the-methyl group of acetate so readily, a mutation may be
present in the serine pathway. Aﬁ important intermediate in this path;
" way is glycine, -which reacts with the methyl group of acetate (carried
by tetrahydrofolic acid) to form serine (13, 25). |

}
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Table 5. Uptake of Labeled Acetic Acid by Citrate-Grown Strains P-7
and AP-2 : o

Isotope/Strain % Uptaked@ ' % Lost as COzb-

acetic acid (1—14C)

P-7 96 71

AP-2 94 : : - 84
acetic acid (2-14C) o

P-~7 87 34

AP-2 ' 89 71

Cells were ‘exposed to label for 30 minutes at 25 C with shaking.
All counts were obtained per milligram cell dry weight. -

Initial radioactivity available: acetic acid (1—14C), 1.4 x 10 CPM;
acetic acid.(2-14C), 1.3 x 105 CPM,

8Fxpressed as the percent uptake of radioactivity available.

bExpressed as a peréentage of 14C taken up by the cells.,
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The uyptake and utilization of g;ycine (1-14¢) and glycine

(2-14C) were examingd for AP-2 and P-7 in the presence of acetate and
without acetate (Table 6). The primary effect of acetate with either
glyciné label was éo'cut the percent COp lost approximately in half;’
theré were no apparent effects on the amount of glycine taken up by the
ceils,'lThe only differehce observed between Af~2 and P-7 was thét the
Carboxylrgroup‘of glycine (1;140) was lost as COy to a gréater degree
with AP-2 than with P-7 (81% and‘59%, respectively). This effect was
ﬁa;ticularly apparent when acetate was present. The dataAis insuffi—

cient to determine the mutational lesion in AP-2.

Plasmid Detection and Curing

The plasmid content of three Acinetobacter—-type species strains

were compared~with that of A. phosphadevorus. As seen in Figure 1, of

the four strains examined, three contained extrachromosomal DNA. The
results are compiled in Table 7. The sizes listed should only be con-

sidered approximations, not definitive values.

A. phosphadevorus was readily cured of ‘the plasmid by growth in
the presence of ethidium bromide..'After treatment, 35 isolates were
screeﬂed by gel electrophoresis for loss of p;asﬁid DNA; 26 colonies
lost the plasmid, for a curing rafe of 74%. A single isolate from

among the 26 cured colonies (EB~22) was selected for further study.

Determination_of Plasmid Function

In order to determine if the hydrocarbon growth characteristics

of A, phosphadevorus were plasmid mediated, strain EB-22 (pYGl~) was



Table 6. Uptake of Labeled Glycine by Citrate-Grown Strains P-7 and
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AP-2 .
‘Isotope/Strain % Uptake? % Lost as C02b
glycine (1-14¢cy
. P-7 48 59

‘AP=2 37 81
glycine (1h14C)'+ acetate
P-7 43 21
AP-2 49 46
glycine (2-14¢)
P-7 ‘ 43 27
AP-2 ‘51 30
glycine (2-14C) + acetate
P-7 38 10
AP-2 42 13

Cells were exposed to label for 30 minutes at 25 C with shaking.

A1l counts were obtained per milligram cell dry weight.

~Initial radioactivity available:
glycine (2-14c), 9.2 x 104_CPM°

Qgxpressed as the percent uptake of radioactivity available.

bExpressed as a percentage of 14C taken up by the cells.

glycine (1-14C), 9.1 x 104 CPM;
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Table 7. Plasmids of Various Acinetobacter—-Type Species Microorganisms
Resolved by Mini-Lysate Electrophoresis

No. of Plasmids Molecuiar Weight of
Bacterium Detected Plasmids (Mdal)
A. calcoaceticus 0 -
A. phosphadevorus 1 ' 29
A. anitritus o2 | 5.0, 7.4
6 1;4, 2.0, 3.0, 3.5,

H. vaginicola
’ 4.1, 17




Figure 1, Gel Electrophor'esis of Mini-Lysates of Acinetobacter sp.

Lane 1. A. phosphadevorus ,

Lane 2. A. calcoaceticus .
" Lane 3. A. anitritus

Lane 4. E. coli V517

Lane 5. H. vaginicola



Figure 1.

Gel Electrophoresis of Mini-Lysates of Acinetobacter sp.
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compared to P—7 (pYG1+) for differences in hydrocarbon-induced growth.
A wide range of hydroéarbons were tested as growth substrates, includ-
ing n-alkanes, cfude oil, benzene, phenylethyl alcohol, tributyrin,
camphor, and n-butanol. Other hydrocérbons screened but unable to
support growth of either P-7 or EB-22 are listed in Table 8.

| The results of the growth studies are included in Table 9.
Strain P-7 grew on all the hydrocarbons listed except;heptane (C7).
Strain EB-22 Was.unable to grow on the n-alkanes Cg, Cg, or Cig- There-
fore, the plasmid pYC1 appeared to médiate growth-of P-7 on the n-al-

kanes Cgs Cg; and Ciq. |

The Verify this result, the 35 isolates previously screened for
the loss of pYGl'Weré’replicated‘onto basal medipm plates containing
Cg, C10> Ci2, or Cig n;alkanes as growth substrates. On the Cg and Cjg
plates, the nine isolates containing the plasmid, pYGl, grew; the
others did not.‘ All 35 isolates grew on the Cip and Cjg plates.

Since pYGI éﬁpeared to mediate growth on nfalkanes, the two
hydrocarbbn growth mutants'previously‘described were examined for the
presence of plaémid p¥Gl. It was found that HP-2 still harbored pYGI1,
but HP-6 did not (Figure 2).

Curing of pYGl from HP-2 was effectéd by ethidium bromide treat-
ment (Figure 2). The growth of one of the cured HP-2 strains, HE-5, on.
n-alkanes and crude oil was compared to that of HP-2. The only differ-
ence found was the inability of HE-5 to grow on Cg, Cg, or ClO n-al-

kanes; all other hydrocarbon growth characteristics were the same.
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Table 8. Hydrocarbons Unable to Support Growth of A. phosphadevorus

naphthalene
a—naphthol
tert—buténol
n-octanol
chloroform

carbon tetrachloride
n-hexane |
n-heptane

terpinol

toluene




- Table 9. Hydrocarbon Growth Characteristics of A. phosphadevorus
Strains

29

Hydrocarbon

" EB-22

Strain
HP-2.

. HE-5

HP~-6

n-heptane
n-octane
n-nonane
n—-decane
n-undecane
n-dodecane
n~tridecane
n-tetradecane
n-pentadecane
n-hexadecane
n-heptadecane
n-octadecane
n-eicosane
crude oil
benzene

camphor

phenylethyl alc.

tributyrin

n~butanol

+ 4+ + + + F o+ 4+ o+ 4+ o+ +

+ + 4+ + 4+ A+ F o+

=2

232383

2=+ +

R = I

EEEER:

5883 + 4+ 4+ 4+ + 1 &

. aMicrocolonies formed (i.e., slight growth observed).

bNot.done.



Figure 2. Gel Electrophqresis of Various Strains of A. phosphadevorus

Lane 1. P-7

Lane 2. EB-22

Lane 3. HP-2

Lane 4. HE-5

Lane 5. HE-6

Lane 6. E. coli V517



Figure 2. Gel Electrophoresis of Various Strains of A. phosphadevorus
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The'growth characteristics of strains P-7, EB-22, HP-2, HE-5,

and HP-6 are summarized in ’.I_‘ablev9°

Screening for Other Plasmid Functions

Strains P~7 (pYG1*) and EB-22 (pYGl~) were compared for further
differences in growth substrate charactéristics, antibiotic resis-
_tancés, metal cation and oxyanion resistances, and luxury phosphate up-
take abilities.

A wide range of organic salts were tested as growth substrates
for P-7 and EB-22. There were ns differences in growth of the two

strains on any of the 32 substrates tested (Table 10).

Plasmids present in Acinetobacter sp. have been shown to code

for antibiotic resistance (21). Antibiotic discs were used to test for

antibiotic resistance variance between A. phosphadevqrué strains P-7
and EB-22, There were no apparent differences in the:éntibiotic resis—
Vtances of the two strains. The antibiotics tésted'are iisted in
Table 11.

Resistance to heavy metals and other o#yanions has been shown
to be plasmid mediated in vérious species of bacferia and in Acineto-
bacter sp. (37, 21). Filter discs impregnatea with the chemical to be

tested were used to compare the two A. phosphadevorus strains. Some of

the chemicals did nof_produce ény zone of inhibition; inhibitory chem-
icals produced the same diameter zoné with P-7 and EB-22. The chemicals
are listed in Table 12.

| The luxury ﬁptéke of phosphate during log phase is a uniqué

characteristic of some strains of Acinetobacter sp. (10, 30). To =
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Table 10. Organic Compounds Screened as Gfowth.Substrates for Strains
P-7 and EB-22 '

Growth by Both Strains ' No Growth by Both Strains

o~ketoglutarate

Compound Concentration ‘ Compound Concentration
alanine 0.1  valine 0.1
leucine s@ ~phenyla1anine S
isoleucine 0.1 tryptophane S
proline 0:1 methionine 0.1
tyrosine ' S glycine 0.1
asparaéine ’ 0.1 k serine _ 0.1
glutamate 0.1 threonine 0.1
aspartic acid S cysteine S
lysine S glutamine 0.1
'arginine 0.1 hydroxyproline 0.1
histidine 0.1 tartrate 1.0
citrate 1.0 formateb 1.0
acetate 1.0 isocitrateP 1.0
propionate 1.0 fumarateP l.d
fyrﬁvate 1.0 succinateP - 1.0
malate. 1.0

A 1.0

4gaturated distilled water solution.

bThese substrates had been previoﬁsly reported to support growth (14).



Table 11. Antibiotic Discs Used to Compare the Antibiotic Sensitiv-
ities of Strains P-7 and EB-22 : '
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Antibiotic

Zone Size (mm)

Concentration (ng/disc)
P-7 EB-22
ampicillin 5 0 0
carbenicillin 50 9 9
methecillin 5 0 0
penicillin G. 10 (units/disc) 0 0
ticarcillin 75 13 14
albamycin 30 15 15
aureomycin 30 18 17
clindamycin 2 0 0
erythromycin 15 15 15
gentamycin 10 17 18
kanamycin 10 17 17
lincomycin 0 0
neomycin 10 9
streptomycin 10 15 14 .
tobramycin 10 13 12
vancomycin 30 - 7 7
vibramycin 30 20 20
sulfadiazine 0.25 20 - 19
sulfisoxazole 26 25
nalidixic acid 30 22 23
rifampin 15 19 18
tetracycline 30 15 15
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Table 12. Chemicals Screened for Resistance Differences Between

Strains P-7 and EB-22

Inhibitory Chemicals Non-Inhibitory Chemicals

Compound Concentration Compound Concentration
D ' oD
'CuClz o 1.0 ) BaCl2 0.1
Pb(NO,), 0.1 f’ NaMoO, 0.1
H2Pt¢lz- llO% KI 0.1
cdcl, | 0.1 KI0, 0.1
| CeSO, : - 0.1 MnCl, 0.1
CoC1, 0.1 | NaWo, 0.1
AgNO3 ' 0.1 K,Fe (ON) 4 s
SnCl2 - o 0.1 caéodylic acid 1.0
- Pmap@ 0.01 phenol 1.0
. mersalyl acid . 0.01 V » _ N32B407 1.0
HgCl, - ' 0.1 NaHASO, 1.0
SrCl2 0.1
Znso0, | _. 0.1
NaZCrO4 _ 0.1
NaAsO2 0.1
NaN3 : , 0.1
K,Te0y s
~ NaCN o 1.0

8p-hydroxymercuribenzoic acid
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33P—ortho—

.determinevif this is plaSﬁid‘mediatéd'inxéi phosphadévorus,
phosphate removal froﬁj;he growth media,.during log phaéevgfowth, was’
,measﬁred for P-7 and>EB—22; There Wefe no.appa:ent differénceé in the-
' ﬁhosphate removal capabilities ovér'time of these two strains

(Figure 3):
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CHAPTER 4

DISCUSSION

The n-alkane degradative capacities of A. phosphadevorus have

been well established (34). Previous work by Ferguson (13) demonstra-
ted that the organism was unable to grow on most aromatic hydrocarbons,

in broth culture. This study indicates that A. phbsphadevorus can grow

on cami)hor,,benzene9 and phenylethyl.alcohol using agar plgtes. These
differences may be expiained byvthe fact that with the agar plate tech-
nique, the‘organism is exposed to hydfncarbon vapors and dogs not come
in direct contact with high concentrations of hydrocarbon. This con—
v téntion is supportedbby the observation that when agar plétes are
' flooded with hydrocarbon before stfeaking, no growth is observed with
‘benzene or phenylethyl alcohol. N-butanol and tributyrin also support-
ed growth, although a previoué.study reported the opposite result (13).
Hydrocarbon degradation is not restrictéd to only a few genera
- of bacteria. This théracte:istic has been observed in‘a wide variety
of bacteria genera, yeast and other fungi, and algae, including cyano-
bacteria and eukaryotic algae (39). These organisms are found in a
wide variety of environménts9 including marine, fresh water, and soil
habitats (2). In a fewrbacteria, the hydrocarbon degradation haé been
shown to be plasmid mediated (5, 15, 35, 47).

37
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This is the first report of plasmid mediated hydrocarbon utili-

zation in Acinetobacter Sp. Al;hough_éivphosphadévorusvis able to de-
- grade n-alkanes as small as octane and as large as tetracontane (040)
(13), the plasmid (pYGl) only codes for utilization of octane, nonane,
'and decane. There was no indication that plasmid functions were in-
volved in the ufilizatioh of aromatic hydrocérbons or'ény of the other
n-alkanes tested. |

The enzymes of the decane utiiization péthway encoded by pYG1

are not known. A similar plasmid (OCT) found in Pseudomonas oleorovans

only codes for the alkane hydroxylation and alcohol dehydrogenation
steps of the terminal oxidation pathway used by this organism (36).
Chromosomally-mediated alkane catabolism can occur via a number

of different pathways. The most prevalent mechanism in Acimetobacter

sp..1is the terminal oxidation pathway; i.e., R—CH3 +AR—CH20H -+ R=COOH -+
beta-oxidation pathway of fatty acids (26). Less ubiquitous mechanisms,
in other genera, are omega (diterminal) oxidation and subterminal oxi-

dation (27, 32). An unusual mechanism found by Finnerty (14) in an

Acinetobacter sp. involves terminal oxidation followed by splitting the
hydrocarbon at position ten with subsequent formation of a hydroxy acid

and an alcohol.

The pathway(s) by which A. phosphadevorus catabolizes n-alkanes
has not been elucidated. Preliminary work has shown that the fate of
labeled hexadecane and hexadecanoic acid are significantly different

(34). This indicates that hexadecanoic acid is not an intermediate in
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the degradation of hexadecane and mitigates against the existence of a
terminal oxidation mechapism.for hexadecéne cata};olism°
Results from the growth studies on hydrocarbon mutants HP-2

and HP-6 indicate that alkane utilization in A. phosphadevorus may be

quite complex (Table 8). HP-Z does not growvdn»Cls,'Cls, or C;4, but
does gréw'on the other n—alkanés (on Cy3, Ci4s C18s and Cyq, slight
growth was observed). Strain HP-6 (pYGlT™), however, cannot grow on
Cg through Cyps> grows slightly on Cj3 and.014, but does grow well on
Cy5 through C;g and d20°- Therefore, it appears that there are at least
two chromosomally-mediated n-alkane catabolic pathways, différing by
'one'or more enzymes. One pathway may mediate degradation-of C11s Cios
Cigs and Cyy n-alkanes, the 6fher may mediaté catabolis@ of é15, Cigs
and C17, The pathways may overlap in-functibn; this would explain the
siight growth observed by either mutant on Cy3, Cj4, C38, ahd Cog-
However, any proposals at this point are highly speéulétive,

Other growth substrate mutants isolated in this study were an
acetate mutant (AP-2) and a citrate mutant (CP-1). These were charac-
terized using growth substrate studies and labeled Substrate uptake
expériments.

The_citréte mptant was found to ﬁe unable to téke up 1ab¢1ed
citfate9 although celi—freé preparations could oxidize the compound.
Therefore, it was concluded thét CP-1 represented a citrate transport
mutant. Furthermore, citrate tranéport was found’to be energy depen-~
dent. Inhibitors.of the TCA cycle (NAASOZ) also inhibit uptake of ci-

trate. This mutation in the citrate transport system did not prevent
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growth on TCA cycle intermediates nor did it prevent uptake and oxida—
tion of a—kefoglutaraté; Previous Work.has indicated that tranqu?t is
. inducible and does ﬁot require citrate lyase for uptake (13? 25)n

Jones (25)4has,demonstrated that the methyi,carbon of acetate>
'is incorporated via the serine pathway by unstarved 1ogarithmi§ phase .l
cells. As a consequence of this, the carboxyl éroﬁp of acetate is re-
leased as co, (70%) , whereas the methyl group of acetate is incorpora—'
ted into cellﬁlar carbon (25)° |

The acetate mutant AP-2 is unable to grow on acetate media, yet
is able to oxidize acetate. Furthermore, it was found that very li{tle
of the methyl group of acetate (29%) is incorporated into cellular car-
bon as compared to the wildtype (66%). Also, glyciﬁe was décarboxyl—
ated at a very high rate (AP-2, 81%; P-7, 59%), but the number two
carbon of both strains had similar fates (AP—éb 30%; P-7, 27%). These |
results do not allow firm conclusions, but it ecan be proposed that the
inabiliiy of AP-2 to grow on acetate is due to a failure to incorporate
sufficient carbon from the methyl group of acetate via the serine

pathway.
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