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mixed cultures of the stalked bacterium Nevskia ramosa famintzin and

other heterotrophic bacteria
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Abstract. Newskin ramosa, a bacterium that 1s very
difficult to grow in artificial culture media in its reco-
gnizable and natural habit was induced to grow and
multiply rapidly in mixed culture in an amended ASM
medium. ASM hgud medium, an inorganic mineral
medinm, amended with 0.5 pgml ' of nitrapyrin and
varions levels of ammaonium chloride (25-100 uM) pro-
duced very significant enrichment of Newskia ramosa
within 24 h, permitting formation of its characteristic
bushy dichotomously branched. stalked colonics with the
bacterial cells at the apices of branches. ASM medium
amended with either nitrapyrin or ammaonium singly
failed to produce growth of N, ramosa. The mtrapyrnin-
ammonium combination in ASM medium also produced
a significant increase in growth of other heterotrophic
bacteria. Crur resulis should be of value to bacteriologists
interested in studving N, ramosa, a specles which has
received hittle attention thus lar.

Key words: Stalked bactera — Newskia — Nitrapyrin —
MN-serve — Aguatic bacteria — Culture medium

Mitrapyrin or N-serve (2-chloro-6-{trichloromethyl) pyri-
dine) is a specific inhibitor of the ammonium oxidation
component of mitnfication (Hughes and Welch 1970;
IHendrickson and Keeney 1979; Zacher]l and Amberger
19940), MNitrapyrin lvses nitrnifying bacteria at concentra-
tions above [mgl™, and at low concentrations
(~0.5mgl™") chelation of nitrification enzymes is sus-
peciled (Benmoussa ot al, 1984), Nitrapyrin was found
to inhibit mostly chemoautotrophic microorganisms
(Priscu ¢l al, 1990; Benmoussa et al. 1984), and appears
to be most effective under specific envirenmental condi-
tions {Hendrickson and Keeney 1979, We are not aware
of any reports showing bacterial (heterotrophic or che-
modulotrophic) growth enhancement by nitrapyrin whe-
ther singly or in combination with other chemcals,
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Our studies showed rapid multiplication of both gram
positive and gram negative heterotrophic bacteria indu-
ced by nitrapyrin in conjunction with ammonium in
ASM ™ medium (ASM medium free of N-source) (Allen
1968). The most intriguing observation was the ni-
irapyrin-induced rapid growth of Nevskia ramosa (in 113
stalked form) a bacterium that i1s difficult to grow into
stalked colomies under artihaal growth conditions (Ba-
benzien 1989, Heldal and Tumyr 1986, Hirsch 1981),
ASM 7 medium, with the appropriate level of mtrapyrin-
ammonium combination, would therefore be a very useful
culture medium for N, ramosg and other species of
bacteria,

Materials and methods

Culture and experimental conditions

ASM medium (Allen 1968) without inorganic W {ASM ™) at pH
B+ 0.1 was amended with ©, 25, 50 or 100 pM NH,CL Three
replicate conieal Nasks {125 ml) cach containing 40 ml of the above
4 media were again amended with either O or 005 gz ml ™ * pitrapyrin
dissolved In 95% cthanol. Flasks containing no aitrapvrin were
treated with the same volume (8 pl) of 95% ethanal as the nitrypyrin
splution, The Musks were then mmoculated with 0.5 ml bacterial
suspension i ASM medium obtained by washing a surlace blogm
of the cvanobacteriem Awebaeme Jos-aguee Trom Hebgen Lake,
Montana, Before ineculation the bacterial suspension was passed
through a membrane filter with 8§ pm pore size 1o remove cyana-
bBacterial Nlaments, The Masks were incubated ot 25 = 1°C on g
gyrotary shaker at 60 rpm.

ASM medium contains, per liter I ml each of 0.0 M Ma,
HPO, -7 H,O, 010 M K. HPO,, 0.19 M Mp8O, -7 H,0, 0,375 M
MeCly - 6 ;0,020 M CaCly - 6 Hy O, 002 M NaEDTA - 21,0
+ 0004 M FeCl; -6 HoO, and 1 ml of the trace eleament mixture
containing 00524 M H; B, 00106 M MaS0, - 5 H,O, 000104 M
ZnS0, -7 Hp0, 000045 M Na Mo, - 2 H,0, 00002 M CuSO,
CAHGO, 00003 M CoCl; - 6 HO, 00020M AIC], -.6 H.O,
Q000645 M N1SOy, and 0000542 M KT, Na.HPO, and K JHPCY,
maxed upan 300 ml double distilled water was pH adjusted w 3,15
alter adding 25 mg tricine buffer. This mixture was autoclaved
scparately from the other 500 ml mixture containing all the other
components, and combined at room tcmperatare.
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facterial emumeraiion

.lucrﬂ.t:i-::-n of tenal and stalked bacteria (N, ramose) was carcied
t the ansct of the cxperiment, onday 1, day 2 and day 3; 500 ul
sample per flask was treated with 5 pl ol 003% W) aqueous
dcridine orange, and incubated at room temperature for 30 min
befors filtering at 12 com g vacuum through $.2 pm polycarbonate
lilters pre-stained with Trgalan black. The filters were air dred for
aboul 10 min before placing on a microscope slide. A drop of
immersion oil was added to the filter before adding a cover slip. A
counting grid mounied on the eve piecce of an epifluorescence
microscope {Nikon Labophot, Tokyo, Japan, fitted with a Nikon
DM 510 B-3A lilter cube) was used to make 3 separate bacterial
cell connes per sumple (for both total and stalked bacteria ml 1)
according to the procedure of Hobbie et al (1977). Means of 3 counts
feonverted Lo cell number ml™ ') per sample (3 replicates) were then
analyzed vsing analysis of variance to determinge statisbical dilferen-
ces among treatments,

Examination of the statfed hacteria for identification

The stalked bacteria on o glass slide were treated with 10%% (w/v)
agquenus solution of potassium lerrocvanide, and potassium ferricya-
nisle respectively and incubated for 10min belore macroscopc
cxamination. There were no shades of bluc or bluish-green staiming
ol The baclerial stalk indicating absence of detectable levels of ferrous
or ferric iron deposits in the stalk., Gram staining was carnied oot
separately on both stalked and other bacteria in the cultures at
24 h. Mcasurements of length and thickness of the individual
bactarial cells at the tips of stalks, and the diameter of their colonies
were made using o calibrated micrometer eve plece.
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Resuliy

Varios levels of ammonivm without nitrapyrin, nitrapyrin
in the absence of ammonium, and controls with neither
nitrapvrin nor ammonium failed to show N ramosa
growth up to 3days of incubation (several samples
incubated for up to 5 days gave the same results). Different
levels of ammonium  combined with mnitrapyrin
(0.5 Wl ml~™' concentration) produced very significant
growth of N, ramosa within 24 h (Table 1) in enrichment
cultures. Total bacterial growth, even though enhanced
by ammonium alone in the ASM ™ medium, and inhibited
by nitrapyrin alone in the same medium (compared to
control), was significantly higher in treatments containing
both nitrapyrin and ammonium (Table 2). The mixed
bacterial culture contained both gram positive and gram
negative bacteria.

The habit of N. ramosa in our experiments (Fig. 1)
had all the characteristics described and shown by plates
in Bergey's Manual of Systematic Bacterielogy (Baben-
zien 1989). The colony size was variable and the largest
averaged about 60 70 pm diameter. Dimensions of in-
dividual cells at the tps of stalks varied to some cxtent
but on average they were 2.1 pm long and 0.6 pm broad.
They showed negative gram reaction. The cell dimensions
we observed did not tally with the original descriptions
of N. ramosa by Famintzin (1892) but were very close to
the dimensions of N, ramesa cells described by Hirsch
(1981). The bacterial stalks failled to show any visible

Table 1. Effeet of warious amendments Lo

ASM  medium on multiplication {cell num- T‘T”'_: Day®  Dayl Day 2 Day 3
ber ml ™t of Messhde ramasa (Mean +8E, mmea.
st Iie: o 0 0
2 i 0 0 0
3 i 0 (0l i
4 0 LH i [
5 0 0 0 il
f { 35210 £ 57= 100 25x10% 4+ 3810*  49x10° £ 8.5x 108
7 ) 262 10% 4+ 3.0 10° 1210 + 33 % 107 5.2 % 10% + 1.4 10
B K 19 % 0% + 43 104 5.7 = 10" + 1.8 =107

30107 + L2x 1Y

* Treatment contents in addition to ASM ~ were as follows: 1. no ammeonivm, no mtrapyrin,
2, 25 M ammonium, no niteapyrin, 3 50 uM ammonium, ne nitapyrin, 40 100 pM
ammenium, no nitrapyrin, 3. no ammonium, 0.5 pg ml™? nitrapyrin, 6. 25 pM ammonium,
0.5 ug ml ™" nitrapyrin, 7. 50 pM ammenium, 0.5 pg ml ™" pitrapyrin, 8 100 uM ammonium,

0.5 prml 1

nitrapyrin

Table 2. Effect of varlous amendmonts to

Day 3

ASM S medium on multiplication (cell nuwm- Tr':m_' Day U Ly 1 Dray 2
ber ml ™ Y of heterotrophic bacteria including ™t

Noramosa (Mean TS3E. n =3 ' S i . s : . .
| 1.3x10° + 98 5810 £ 929 41x10° + 61x10° 7d4x 100 £ 4.6 = 10°
2 13% 107 + 08 40x10° + 46x10° 78x10° + 70x10° 64x 10* £ 9.8 x 10°
3 132108 £ 98 36x10% 4 35x10° 7.5=10° £ 9.7=10° 97x10° 4 L7 = 10°
4 13%10° + 98 64x10° £ 84x10* 60x10° + 6.1x10° 12x107 £ 27x10°
5 1.3 10% + 98 29x10% + 404 367 10% 4+ 6.0x% 10° 6.7:x10° + 4.6 10
‘ i 13x10° =98 TR=10% 4+ 7.1=10% 12x107 £ 19=10% 38x 0% 4+ 1.5= 107
7 132107 £ 9.8 42x107 + 50x 105 29x10% + 22x107 90x10° + 1.4x 107
g 26108 £ 23%107 74x10% & L1x10* 21x10° + 59 %107

13%x 10 + 98

* Treatments arc the same as m Table |
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Fig. 1. Dicholomausly branched stalked form of Nevskia ramosa
imduced 1o grow by ASM medium amended with nitrapyrin-
ammonium combination, Seele bar = 10 um

color change (under microscope) when treated with
parlassium ferrocyanide, or potassium ferricvanide.

Discussion

Our results suggest that neither nitrapyrin nor ammo-
nium singly promote the growth or multplication of
N, ramosa in ASM medium. Combination of nitrapyrin
and ammonium induces growth of this bacterium pro-
ducing its characteristic stalked habit (Babenzien 19589;
Heldel and Tumyr 1986; Henrici and Johnson 1935) in
enrichment cultures. There was 4 maximum proportion
of 2.01% N, ramesq on day 2 in the enrichment culture
containing the lowest ammonium level with N-serve. This
bacterium is known to be exceptionally difficult to grow
in artificial media {Babenzien 1989; Heldal and Tumyr
1986; Hirsch [981), therefore, even though we have not
attempted to produce an axenic culture of this organism
vur culture medivm should provide bacteriologists with
a means of artificially growing N, ramosa within a short
incubation period (1-3 days). Previously reported ar-
tificial methods (o grow N, ramosa take about 10 days
at 1822 °C (Babenzien 1965} or 30 40 days at room
temperatare {Hirsch 1981), The bushy stalked habit of
this organism observed in our studics (Fig. 1) is identical
to the characieristics reported for N, ramosa (Babenzien
19549, Henricl and Johnson 1935; Hirsch 1981). We found
this bacterium 1) to be gram-negative, 2) 1o lack ferrous
or ferric iron deposits in the stalks thus eliminating the
passibility of it being stalked iron bacteria (based on lack
of color change with potassium ferro- and ferricvanide),
3) to have an average maximum colony dimension of
G070 pm diameter, 4) o bear dichotomously branched
acellular stalks and 5) to consist of individual cells which
are elongated rods. All these characteristics conform to
the previously described species &, ramosa. The eell
dimensions reported previously vary considerably from
report 1o reporl {(Fammtzin 1892; Babenaen 19635, 1967
Hirsch 1981); cell dimensions of our cultures were very
simmilar to those reported by Hirsch (1981), Diafferences
in cell dimensions may be due to either strain difterences

or cultivation conditions, On the basis of the unique
morphelogical characteristics of N, ramosa (Babeny
1989) there is very little doubt that the species we 1sol:
was N, ramosa, the only recognized species in the genus.

Even though our results showed that ammonivm alone
m ASM ™ medium promaotes, and nitrapyrin alone in the
same medium inhibits multiplication of heterotrophic
bacteria, the combination of nitrapyrin and ammonium
in ASM ™ medivm significantly promotes heterotrophic
bacterial growth (Table 2). Because the combination of
these two chemicals promotes the growth of both gram-
positive and gram-negative heterotrophs, the combina-
tion may be usclul to promote heterotrophic bacterial
growth 1n general, particularly under conditions where
complex components (c.g. proteins and carbohydrates)
cannot be used.
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