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M any thermophilicalgae, principany blue-green algaeandbacillariophyceae, canbefound

in the spas of Gifu prefedure, as reported by Emoto in his study of the distribution of

thermophilic organisms in spas throughout Japan (1). Three bacteria have also been reported

for Gifu prefecture : Gamom h μm面 肖 αCHOLODNY , Lボ otM x tyickoga es CHOLODN Y,

and Lゆtot加心 od mceα KUETZING, all of which are rod shaped iron bacteria having

filamentous structures. However, many bacteria are reported for other prefectures. T he

discrepancy stimulated us to investigate the distribution of bacteria in Gifu prefecture and to

characterizethebiochemical behavior of thebacteria found. TheOkuhidaspaareawaschosen

because it has the largest amount of hot water and thehighest temperatures.

lnvestigation of thermophiles is very interesting because it can yield information about

thermophilicmechanisms. A lso, since the biologicaI substancesproduced by theseorganisms,

such as enzymes, arevery stable not only against heat but against other denaturing agents as

we11(2’3), research may lead tovaluable applications of thesesubstances to human life. ln fact,

in Japan, 0 shima and lmahori(4) have characterized an eχtremely thermophilic bacterium

isolated at M inespa in lzu peninsu・ , Theym鵬 theymo油 il鵬 strain H B8. Thisbacterium has

been employed to study theheat resisting mechanism of a cell membrane(5’6), theproperties òf

cytochromer c oxidase(7), and a DNA binding protein(8). T his paper reports the results of a

preliminary investigation into the growth conditions and biochemical characteristics of yet-

unisolated bacteria living in hot water in the Okuhida spa area。

MATERI ALS AND M ETHODS

Chemicals …… Polypeptone (Daigoeiyo ChemicaI Co. Ltd., 0saka) , yeast extrad (Kyo-

SUM M ARY

Thirteen samples of hot water and onesample of hot sand were collected in theOkuhida

spa area. Thirteenof them contained rodbacteriawhichgrew in both a richmedium and a

syntheticmedium. W ithout individual speciesor strainsbeing isolated, thebacteria contained

in each samplewere analyzed for their growth conditions and biochemical characteristics.
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kuto Seiyaku C0. Ltd., T okyo) , casamino acids ( Difco Laboratories, Detroit, M ichigan, U . S.

A.) , agar (W akoPureChemical lndustries, Ltd., 0saka) , andgelatin (Hayashi PureChemical

lndustries, Ltd., 0saka) wereobtainedfrom commerciaI sources.

CoUed on oj̀ s叩 …… Hotwater wasc011ectedat13 sitesintheOkuhidaspaarea. The

temperature of sourcewater and thepH of thesamplesdetermined in thelaboratory are shown

in T able l. Portions ( about 100 ml) of samplewater were immediately concentrated approχi-

mately 10-timeswith a T oyoM embranefilter (T ypeTM -4) . T heconcentrated sampleswere

frozen with dry ice and were lyophilized in thelaboratory for preservation. 0 nesample ( N 0.

14, T able l) of hot sand, whic!l wasobtained at thebottom of ahot po01 (N 0.7, T ablel) , was

treated in thesameway except for concentration. 0 nespoonfuI of wet sandwassubjected to

lyophilization after being kept in powdered dry ice. ・々

Culty e of badey仇 …… Fiveml of the nutritional medium described by Oshima d ㎡(4).

wereaddedtothelyophilizedmateria1s. Themediumcontained0.8% p01ypeptone, 0.4% yeast

extract, and 0.3% N aCI . ThepH of themediUm wasadjusted atroom temperaturet0 7.5 with

1N s01utions of N aOH and HCI ( “PY N medium”) . Stainless-steel capped culture tubes

containing the medium were stood in an oven kept at 60℃ . A fter oneday’s incubation in the

oven , 0 ne dr op of the turb id culture w as tr an sferr ed to a fr esh m edium . T h is in oculation w as

repeated several timestoremovethenon-b1010gical turbidity whichwaspresent in thesample

water. Several one-ml portions of each culturewere lyophilized and the ce11s were kept at

- 50℃ over silicagel until use. W hen long term culturing (several daysor longer) wasdone,

distilled water was added to the.culture medium at appropriate intervals to compensate for

water lost by evaporation. Cell growth was 血onitored by measuring absorbance at 650 nm in

aspectrophotometer (Mode1139, Hitachi Perkin-Elmer) using anF2filter. A linear relation-

ship between thecell concentration and theabsorbancy wasobserved in therangeof absorban-

cebetween 0.02 and 0.12. By counting thecell number with ahematometer, it wasestimated

that 1.0 unit of absorbance corresponded t0 2.8 χ 108 ce11s per m1.

Micyoscol)ic obse刊at{om …… Flagella staining, spore staining, and gram staining were

carried out by the methods of T oda, Dorner, and Hucker, respectively. Ce11s were usually

observed at a magnification of 600 0r 1,000。

RESULTS

Micyoscol)icobseymtiom …… Onlyrodbacteriagrew from anyof thesampleseχceptfrom

N0. 10, the sample obtained from a water-pool directly connected to a well pump. A Il rods

werearound0.5- 1.0 μm indiameter. Thelengthsof bacteriacultured inPYN medium are

shown in T able l. T hesevalues are larger than those of aerobicmesophilic rods and similar

to the values reported for an extremely thermophilic bacterium(9). A ccurate comparison,

however, will requiremoredetailed investigiltionunder strictconditionsconcerning suchthings

asthecompositionof theculturemedium andageof cellsobserved. ,

Gyowtk of bade庖 …… Optimal conditions for the growth of the bacteria are also

summarized in Table l, Detailed data coJlceming the growth-temperature relationship are

shown in Fig. 1, in which the concentration of bacteria is eχpressed as absorbance at 650 nm .

Theheight of each curveattained in 27 hrs’standcultureroughly representsthegrowth of the
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Table I Properties of sample water collected, growth conditions, and length of rod bacteria
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The pH of samplewater wasdetermined at room temperature ( around 30℃) in the laboratory. The

values of the optimum pH for growth are those adjusted at the room temperaturewhen theculturemedia

wereprepared.
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Fig. I Dependenceof bacterial growthontemperature.

Portions (each 0.02- 0.10 ml) of a fully grown

cultUre were inoculated into 5 ml of PY N medium

and stood in water baths kept at the indicated

temperature. A fter 27 hrs’ incubation, the absor-

bance at 650 nm of a 3-times diluted culture was

determined andplotted against thetemperature. ln

(A). 0 , sampleN0. 1 ; 0 , 2 ; (●, 3 ; ●, 4. 1n (B), 0 ,

5 ; 0 , 6 ; (●, 7 ; ●, 8 ; △, 9, andin(C), 0 , 11 ; 0 , 12

に●, 13 ; ●, 14.
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Bacterial growth in thepresenceof 2% N aCl waseχaminedusing PYN medium. Bacteria

in all thesampleseχcept N 0. 5, 6 and 12 could grow well at thisconcentration, but nobacteria

grewinanysamplewith5% NaCl inthePYNmedium。
Biock micd ck mdeyistics of bαdey仇 …… Thegelatin liquefaction ability of thebacteria

wastestedbyinoculatingonedropoffully-growncultureofbacteriainto5mlofPYN medium

containing 3% gelatin. A fter 7 days’incubation at 60℃ , theculturesweretaken up intoPasteur

pipets (7095B-9, CorningGlassWorks, New York) andthepipetswerestoodinice-waterfor

20 min. L iquefaction of the gelatin was confirmed by checking whether the culture dropped

Table II Summary of threebiochemical characteristicseχamined

H2S

production

9 10

bacteria of each samp】eattheindjcatedtemperature, sincethegrowthof cellsateachpeak w血s

ascertained, by prolonged culturing, to bethemaximum under theconditions. lt isclear that

thebacteria contained in each sample grew best under temperature conditions thesame as or

similar to those of thesourcewater from which they camein all but a few cases ( N 0. 2, 6, and

9) . Bacteria in samplesN0. 3 and 12 presentedtwoabsorbancepeaks, dearly indicating the

ptesence of at least tw o different species or strains of rod bacteria. Growth rates were also

observed at various pHs. Bacteria in all the samples except for N 0. 11 showed nearly

symmetric growth curves ( data not shown) with one optimum pH value ( T able l) . T wo

optimum pH values were obtained for sample N 0. 11, 0ne at pH 6.0 and the other at fairly

alkaline pH 9.0 ( Fig. 2) .
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Fig. 2 Dependence on pH of growth of bacteria

contained in sample N 0. 11. Portions (each 0.05

ml) of a fully grown culture of the bacteria in

sample N 0. 11 were inoculated into 5 mls of PY N

medium at varying pHs as indicated, and the cul・

ture tubes w ere stood at 60℃ . D eterm ination of

absorbancewascarried out in thesameway as in

Fig. 1.
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down through the pipets or remained in them when the caps were removed. The results are

shown in T able II .

N itrate-reducing ability of the bacteria was investigated with 0.1% K N0 3 added to the

medium. A fter 2 days’ culture of the bacteria at 60℃ , the presence of KN0 2, the reduction

product, wasascertainedwith α-naphthylamineandsulphanyl acid. Bacteria in8 sampleshad

reduced nitrate (T able II ) .

lndoleproduction from polypeptonewastested after 2 days’culturein PYN medium. The

presenceof indolewasdetectedby Ehrlich’smethodusingp-dimethylaminobenzaldehydeand

potassium peroxodisulfate. Bacteria in only one sample, N 0. 14, had produced indole.

Ureadecomposing ability waseχaminedwith 2% urea addedtotheculturemedium. After

thebacteria werewell grown ( 2 days’incubation) , 30 μl of 0.2% methylred solution wasadded

to the cultures. N o bacteria were observed to decompose urea.

Production of H2S waseχamined with 1% L -cysteine-HCl added totheculturemedium.

Stripsof filter paper treatedwithasolutioncontaining 10% leadacetateand10% glycerol were

hung in theculturetubesso that PbS would form onthestrip once H2S wasliberated from the

cysteineby thebacteria and itsblack color indicatethe occurrenceof H 2S production. These

results are aIso shown in T able I I .

Utilization of sugars by bacteria was investigated by identifying acid production in the

culture medium. Twice diluted PY N medium, the pH of which was adjusted to 7.0, was

supplemented with a sugar at a concentration of 0.5% and bromphenolblue asa pH indicator

at a concentration of 0.002% . T hemedium ( 5 m l) w as inoculated w ith onedrop of fresh culture

of bacteria and incubated at 60℃ . Change in color to yellow was observed daily, with the

ユニ UltssummarizedinTableIII . Thesameresultswereobtainedwhenasyntheticmedium for

yeast(lo) w as employed as a basal medium w ithout either CaC12 0r glucose added, in place of the

Table I I I Summary of acid production assay
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PYN medium. Asseen in thetable, bacteria of 5 samples ( N 0. 1, 5, 8, 12, and 13) produced no

acid from either of the sugars tested.

A11thebacteriawereaerobicandgrew only on thesurfaceof both liquidculturemedia and

agarmedia. Thustherewasnowaytotestwhetherthesebacteriaproducegasfromsugars。

DISCUSSI ON

Only rod bacteria grew in a rich medium at 60℃ from water samples collected in the

Okuhida spa area of Gifu prefecture. ln somesamples, particularly in Nos. 5- 7, filamentous

structures were aIso observed. T his fact suggests that the iron bacteria reported by Emoto(1)

arecontainedinthesesamples. Biochemical characterizationofthesebacteriawascarriedout

before any isolj tion of speciQs or strains in order to draw out all detectable and interesting

characteristicsof organisms. ltmustbenotedof coursethatthistypeof investigationmay fail

to uncover interesting characteristicsof someof thebacteria duetopossible interferenceby the

presenceof other bacteria.

Results of experiments on growth conditions of the bacteria showed that almost a11

0rganismsgrew best under conditionsthesame as or very similar to thoseof thesourcewater

in which they lived. T hus all bacteria observed in this study can be classifed as moderate

thermophiles according to Oshima(11). lt was also shown that all bacteria prefer neutral pH

except those in sample N 0. 11. Casamino acids added to the medium at a concentration of

0. 6% inplaceofpolypeptonewerealsogoodnutrientsforthebacteriainall thesamplesshown

in T able l. Bacteria in all the samples also grew well in a synthetic medium(10) from which

CaC12wasomittedsothatpH couldbeadjustedto7.0 withoutformingprecipitates. ltwasalso

confirmed using bacteria of sampleN 0. 11 that vigorousshaking at 60℃ enhanced the欧 owth

of bacteria 4- 5 times.

That the temperatures of sample ( T able l) were lower than the values ( around 97℃ )

known for hot spring water in this area will have to beeχplained. Sampleswerecollected in

small, natural pools formed wherewater spilled from springs or wells. Sample N 0. 10 had a

high temperature, however, noorganism grew from thissampleunder theconditionsemployed,

sincethissamplewasobtained in an artificial pool built of concreteandconnected toahotwen

pump. N o b.acteria grew at temperatures higier than 70℃ ( F ig. 1) and at temperatures lower

than 35℃ ( data not shown) .

lt isvery interesting thatbacteria of sampleN 0. 11 grew onlywithtwooptimum pHs. T his

may simply imply that thissamplecontainstwodistinctly different bacteria. Even if so, why

the two bacteria, having optimum pH for growth at 6.0 and 9.0, 0ccur in water of pH 7.7 wiII

have to be considered. M oreover, that a thermophile preferred an alkaline pH for growth is

physiologically interesting and there is the pos951blility of utilizing the plToducts of these

bacteria, since they seem to bestabl at an alkalinepH .

A gelatin liquefaction testshowedpositiveresultsfor almost all bacteriawhengelatinwas

added to thePY N medium at a concentration of 3% (T ableI I ) . Bacteria in only twosamples

(N0. 1 and11) grew inaPYN medium containinggelatinataconcentrationof30% andthese

also liquefied gelatin completely in 2- 3 days. These samples are likely to contain some

interesting bacteria which produceproteaseswith high activities. ln fact, a culturemedium of
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abacterium isolated from sampleN0. 11 wasascertained, after concentration, tobeeffective

in hydrolyzing synthetic substrates for collagenase(12・13), so the bacterium may produce a

collagenase. Purification and characterization of thehydrolyzing activity is now under way.

Although someproblems are associated with thenitratereductiori test employed here, it

cansafelybesaidthatbacteriashowingpositiveresultscanreducenitratetonitrite. For the

organismswith negative reSults, caremust be taken : either they could not catalyze this step,

or thenitriteformeddidnot accumulatein theculturemedium at thetimeof thetest, which

probably would have been due to the activity of some of the components of the reduction

system . ’

Theseinvestigationsinto thegrowth propertiesandbiochemical characteristicsof thermo-

philic bacteria have suggested at least the presence of many species or strains of rods in hot

water in the Gifu area, although only three have been reported(1). Secondly, some of the

organisms that will be isolated are likely to have utilizable products.
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