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      sp. and  Thiobacillus delicatus nov.  sp.

Tadaaki Mizoguchi,* Tsugio Sato, and  Taljiro Okabe

  Department  of  Applied Chemistry, Faculty of  Engineering

            Tohoku  University, Sendai

Abstract

   New  thiobacilli,  Z5iobacilttLs rubetlus  and  Zeiobacillus deticatus, have been isolated

frem  mlne  water  and  characterized.  Both  microorganisms  grcw  heterotrophically,
and  their cell  yiclds in yeast extract  mediurn  were  greatly increased by  the  addition

of  thiosulfate. Thiosulfate added  to yeast extract  medium  was  oxidized  to sulfate

through intermediate formation of  polythionates. Tt delicatus oxidized  thiosulfate

and  elemental  sulfur  under  autetrophic  conditions,  while  Z  rubeUas  oxidized  these

sulfur  compounds  only  when  erganic  cornpounds  were  added  to the medium.  The

optimum  pH  range  and  optimum  ternperature  for mitiation of  growth  of  both micro-

organisrns  was  5-7 and  30eC, respectively.  The  G+C  content  of  DNA  of  7: rubetlus

and  T. deticattts was  65  and  67 mol  %, respectively,  The  activity  of  both rnicroorganisms

for solubilization  of  orcs  was  extremely  low,

Introduction

   During  the Iast 20 years there  has been an  enormous  increase in interest in the new

technelogy  of  leaching, i.e. bacterial leaching of  ores.iny3} The  possible application  of

this leaching process to the  recovery  of  various  metals  has been  confirmed  by  numerous

laboratory and  field studies,  and  the biochemical aspect  of  the  bacteria participating in

the  solubilization  of  metal  ores  have  been  intensively studied.4)

   Attempts to cultivate  such  absolutely  autotrophic  bacteria as  T. thiooxiduns5) and

T  .famooxidens6,7} under  mixotrophic  conditions  have  been made  by many  workers.

However, the  isolation of  chemolithotrophic  bacteria capable  of  growing  heterotrophically

has hardly been  studied.  In  the present study,  the  isolation of  new  sulfur-oxidizing  bacteria
capable  of  growing heterotrophically has been investigated to obtain  some  knowledge con-
cerning  the mechanism  of  bacterial leaching of  ores.  The  taxonomy  of  the  thiobacilli is
also  discussed.

Materials  and  Method

  Procedure The isolation of sulfur-oxidizing  bacteria was  achieved  by means  of  the  usual  enrichmcnt

culture  followed by repeated  streaking  on  thiosulfate-agar  plates. Unless otherwise  stated,  the  growth  studies

of  the isolated bacteria were  carried  out  as  fo!lows: a  loopfu1 of  cells  grown  on  slants  was  transferred  into
1OO ml ef  the  medium  in a  500 ml  Sakaguchi flask, and  incubated at  300C  on  a  reciprocating  shaker.  ONM,S}
Colmer,e) 9K,iO) modifiedCelmer,  YE,  YES  and  beuillien rnedia  were  used  in this study.  The  compositions
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of  the last four media  are  as  fo11ows : rnodified  Colmer medium  (NH4Cl O,2 g, MgC12･6H20  O.1 g, CaCI2･2H20

O,2 g, KH2P04  3 g, Na2S20a'5H20  5 g and  water  1 l (pH 6.0 with  NaOH)),  YE  medium  (NaH2P04'2H20
7.5g, yeast extract  1 g and  water  r l (pH 6.0 with  NaOH)),  YES  rnedium  (NaH2P04･2H20 7,5g, yeast
cxtract  1 g, Na2S203･5H20  5g  and  water  1 l (pH 6,O with  NaOH)),  bouillion medium  (meat c)ctract  5g,

peptone 10g  and  water  1 t).

  Analysis  The  amount  of  sulfate  in the reaction  mixtures was  determined gravimetrically  as  barium
sulfate.  The  total amount  of  sulfur  in the filtrate obtained  in the  sulfate  analysis  was  determined gravimetri-
cally  as  bariurn sulfate,  after  oxidation  to sulfate  with  a  rnixture  of  potassium chloratc  and  hydrochloric acid.

The  amounts  of  thiesulfate, trithionate and  tetrathionate  were  dctermined by the analytical  method  proposcd
previously.ii) Cel1 protein was  determined  by the method  of  Lowry  et  al.  with  bovine serum  albumin  as

standard.i2}  Gram  stain  was  examined  by  Hucker  modification  method,rS)  The base composition  of  DNA
was  determined  by  the same  procedure as  that  adopted  by Brierley and  Brierleyi4) except  that  DNA  was  hy-
drelyzed with  perchloric  acid.i5]

   Chemicals  Yeast extract  was  purchased from  Daigo  Eiyo Chemicals Co., Ltd. Meat extract  and

peptone werc  preducts of  Kyokute  Pharmaceutical Ce,, Ltd. All other  chemicals  were  obtained  from com-
mercial  sourcos,

                          Results and  Discussion

    Isolation of  sulfur-oxidizing  bacteria

    lsolation of Tlleiobacitlus rubeltus  Sakaguchi fiasks containing  100ml  of  Colmer
medium  were  inoculated with  approximately  O.1 ml  of  mine  water  obtained  from Kosaka
Mine  of  Dowa  Mining  Co., Ltd. and  incubated at  30eC under  shaking.  After 10 days,
aliquots  of  the  enrichment  cu!tures  were  streaked  onto  thiesulfate-agar  plates obtained

by solidifying  liquid Colmer  medium  with  2%  agar.  About 10 days !ater, reddish  colonies

became  visible  on  the  plates. Pure culture,  strain  KT-7, was  obtained  after  repeated

streaking  of  well-isolated  colonies  on  thiosulfate-agar  plates. Strain KT-7  was  then
transferred  to ONM,  Colmer and  9K  liquid media  to investigate whether  or  not  the isolate

had  the  ability  to oxidize  clemental  sulfur,  thiosulfate and  ferrous iron, respectively.

Growth  was  not  observed  at all in elemental  sulfur-  and  ferrous iron-mineral salts media
even  after  20 days. On  the other  hand, thiosulfate in Colmer medium  was  oxidized

gradually, showing  15 and  30%  oxidation  after  6 and  13 days, respectively. However,
the  turbidity  observed  was  mainly  due to  the  elemental  sulfur  formcd in the  decomposition

of  thiesulfate.  When  the  stock  culture  was  maintained  in liquid Colmer medium  and

transferred  every  10 days, the  degree of  thiosulfate oxidation  tended  te decrease with

increasing number  of  transfers. On  the  other  hand, strain  KT-7  grew well  in liquid
bouillion and  YE  media  at  pH  7. It was  also  noted  that  thiosulfate added  to bouillion

and  YE  media  was  oxidized  to a  great extent.  Subsequently, the stock  cultures  were

maintained  on  bouillion-thiosulfate agar  slants  and  transferred  every  2 months.  As is
evident  from the  discussion presented later, strain  KT-7  seems  to be a  new  species,  for
which  the name  71hiobaciltus rubellus  (from Latin, rubeUus,  reddish)  is proposed.

    tsolation of 7'hiobacillus delicattcs Flasks containing  IOOml  of  YES  medium  were

inoculated with  approximately  O.1 ml  of  mine  water  obtained  frorn Tsuchihata Mine

of  Tanaka  Mining  Co., Ltd. and  incubated at  30eC. After 10 days, a  decrease in pH
and  the  formation of  sulfate  were  observed.  Aliquots of  the enrichment  cultures  were

streaked  onto  Colmer, YE  and  YES-agar  plates at  various  pH  values.  However, colonies

of  fungi alone  developed and  attempts  to obtain  colonies  of  microorganisms  capable  of

oxidizing  thiosulfatc were  unsuccessfuI.  Variation of  the  substrate  concentration  or  pH
value  of  the  medium  gave  uniformly  negative  results.  On  the  other  hand, the  addition

of  1,OOO units  of  an  antibiotic,  trichomycin, to the  liquid YES  medium  depressed the

growth of  fungi completely  and  permitted the development of  the colonies  of  bacterium
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Fig, I. Effect of  the amount  ef  yeast extract  addcd

   on  the growth  of  TL rubeUus  and  71 deticatzas and  on

   thiosulfate oxidation.

   Cell yield: - O-,  T. rubellus;  
--O--,

 Z  delicatus

   Conversion to sulfate:  -e-,  Tl rubetluss  --O--･,
   Tl delicatus

   Medium, modified  Colmer medium  with  various

   coneentrations  of  yeast extract;  cultivation  time,
   10 days.

strain  TuT-1  on  YES-agar plates. Colonies of  strain  TuT-1  on  YES-agar plates were

colorless  and  transparent at  first, then turned whitish  yellow due to the deposition of

elemental  sulfur.  It was  noted  that  strain  TuT-1 perishes within  2 weeks  at  300C, so

the  stock  cultures  were  rnaintained  on  YES-agar  slants  at  about  5eC after  the development
of  colonies  and  transferred every  2 months,  As is evident  from the discussion presented
later, strain  TuT-1  seerns  to be a  new  species,  for which  the  name  7';Uiobacillus delicattLs

(from Latin, detieatus, delicate) is proposed.
    Growth  studies

    Oxiddtion of thiosuijlrte under  autotrqt)hic  conditions  Figure 1 shows  the  ethct  of  the

amount  ofyeast  extract  added  on  the growth  of  T. rubellus  and  TL delicatus and  on  thio-

sulfate  oxidation.  It is clear'that  T, rabellus  scarcely  grows under  autotrophic  conditions,

and  that the degree of  thiosulfate oxidation  is as low as 2%.  On  the other  hand, the
cell  yields and  the amount  ef  sulfate  formed increased with  increasing amounts  of  yeast
extract,  indicating that  organic  compounds  are  essential  for the  growth of  7-1 rubellus.

The  conversion  of  71 rubeltus  to autotrophy  was  attempted  by  repeated  transfer  in modified

Colmer medium  containing  decreasing yeast extract  concentrations.  However,  such

autotrophic  ability  as  seen  in T  thiooxidons and  Z  fcrrooxidons was  not  attained  by this

procedure  (Table 1). Accordingly, it may  be cencluded  that 71 rttbelltLs cannot  grow
autetrophically  with  carbon  dioxide and  thiosulfate as  carbon  and  energy  sources,  respec-

tively. That  T. rubellus  was  isolated using  Colmer  mediurn  consisting  of  only  inerganic

compeunds  may  be attributed  to the fact that  Tl rubetlus  grew initially at  the expense  of

organic  compounds  present in the  mine  water,  and  subsequently  on  organic  compounds

in the  agar.

    As for Z  deticatus, its cell  yield and  the  amount  ofsulfate  formed  also  increased with

inereasing amounts  of  yeast extract.  However,  71 delicatus, unlike  T. rubellus,  showed  no-

ticeable  growth without  yeastextract (Fig. 1), indicating that  T. deticatus can  grow autotro-

phically.
    Hbterotrophic and  mixotrophic  growth' Studies of  the  heterotrophic growth of  Il
rubetlus  and  11 delicatus were  made  by substituting  a  definite amount  oforganic  compounds

fbr thiosulfate  in modified  Colmer medium.  From  the  results  shown  in Table 2, it is
clear  that  both  organisms  can  grow  heterotrophically. The  mixotrophic  growth of  TL
rabellus  was  investigated by cultivating  in modified  Colmer medium  supplemented  with

a  wide  range  oforganic  compounds,  the  results  ofwhich  are  shown  in Table 3. It is clear
that various  organic  compounds  such  as  saccharides,  amino  acids,  alcohols  and  organic

*
 The  definition ef thc  term  

"mixotrophic"
 is that  proposecl by  Rittenberg,i6) Instead of  the term  

"mixo-

 trophic",  the term  
"facultatively

 autotrophic"  is used  in Bergay's imntLal of Determinative Bacten'otqgy (8th
 ed.)i7)  to  classify the  genus ZEiobacillas,
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Table  1. Repcated transfer of  T. rubetlus  in modified  Colmcr  med

   containing  decreasing yeast enctract  concentrations.

ium

Transfer
  No.Concn,

 of  yeast
   extract

    (%)

Cultivation
  time

  (day)

FinalpH   Cell yield
(ptg-proteinlml)

123456789

10

O. 05O.

 04O.

 03O,
 02O.

 OlO,
 OlO.
 O05O.

 O05O.
 OOI

 oO.

 OOOIO,

 OO05O.

 OOIO.1o.

 i (;/K'it.h,O."iEite)

10Ie101010101010151515I51510103. 685.916.834.

 003.843.726.

 506,516.446.016.005.926.

 012.

 486,
 02

10, O8.5

 6.2

 2,7

 2.7

 2.0
 2.7

 2.2

 L4
 O. 5

 O.6

 O,7
 L428.9

 4,9

          After le or  15 days of  cultivation  at  30"C  on  a  rcciprocal  shaker,  2 ml  samples  were

       ineculated inte fresh mediurn,  and  the  incubation was  repeated.

                                                          '

acids  support  the  growth  of  T. rubellus  in a  thiosulfate-mineral  salts  medium,  and  that

thiosulmte  is oxidized  to sulfate.

    Figure 2 shows  the eflbct  of  thiosulfate concentration  on  the growth  of  T. rubeltus

and  Z  deticatus in YES  medium.  As the  results  clearly  show,  7'1 rubellus  and  Z  delicattcs

grow far more  favorably under  mixotrophic  conditions  than  under  heterotrophic condi-

tions. A  similar  observation  has been obtained  with  T. intermedius.iS,ig) It may  be,
therefore, assumed  that  thiosulfate plays a  metabolic  role,  i.e. energy  generation, in the

presence of  yeast extract.i9}

    The  time cources  of  thiosulfate oxidation  by T. rubetlus  and  7: delicatus under

                 Table 2. Heteretrophic growth  of  71 rubellus  and  TL deticatus.

Cell yield (pag-proteinfml>
Org. compd.  added(%)

Z  rubellzas71  delieatus

Yeast extract

FructoseSodium

 aspartate

Sodium glutamate

Glycerol

Pyruvic acid

(O. 1)(O.

 5)(O.

 5)(O.5)(O.

 1)(O.

 1)

10. 1

 7.9

IL8

 8,2

5.6O,612.6

 3.4

 LO10.0

Basal medium:  modified  Colmer  medium  without thiosuli]ate,

cultivation  time:  10 days.
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Table  3.Mixotrophic  growth  of  71 rubetlus.

OrgJ compd.  added(nii)FinalpH   Cell yield
(pg-proteintml)

 Conversion of
s2o3a-  to so42-

    (%)
Ycast cxtract

GlucoseFructose

L-a-Alanine

Sodium aspaTtatc

Sodium  glutamate

GlycineL-Phenylalanine

L-SerineGlycerol

if"Propanol
Citric acid

Pyruvic acid

Succinic acid

(O. 1)(O.
 5)(O.

 5)(O,
 5)(O.5)(O,

 5)(O.

 5)(O.5)(e.s)(O.

 5)(e.s)(O.

 1)(O.
 1)(O.

 5)

2,713.

 726.

 874.757.

 227.665.775.736.

 526.
 377.
 137.

 555.516.

 84

44.1
 2.3

 9,8

 2.9

 6.914.1

 o.o

 o.o

 6,9

 5,3

 4.7
 5.1

 O.2IL9

60.231.017.817.418.322.2

 O.5
 O.2'10.610a3

 7.8

 5.1

 O.3

 4.4

           Basal medium:  modified  Colmcr mediutn,  cultivation  time:  10 days.

mixetrophic  conditions  are  shown  in Figs. 3 and  4, respectively.  The  accumulation  of

a  large amount  of  polythionates was  observed.  The  mechanism  of  thiosulfate oxidation
by  these microorganisms  will  be  described in another  paper  (Sato, T., Mizoguchi,  T.,
Okabe, T.: unpublished).

    Ffact ofthe initiatPff on  the growth of 71 ntbelttts and  Tl delicatus The  relation  between
cell yield and  initial pH  of  the media  werc  investigated. The  results  shown  in Fig. 5
indicate that  both microorganisms  grow  optimally  between pH5  and  7. Accordingiy,
it may  be said  that  both 7-L rubellus  and  T. detieatus grow  in solutions  of  higher pH  values,

compared  with  such  acidophilic  bacteria as  TL thieoxiduns and  T  forrooxidans,i7) and  that
the  eptimal  pH  values  for growth of  71 rubeUus  and  T. delicatus are  ]ower than  those  for
T: novetlzas (7.8-9.0),20) T: intermedius (6.8)iS) and  71 perometabolis (6.9).2i) The  fact that
the final pH  values  are  below 5 in some  cases  shown  in Table  2 may  be explained  by con-

sidering  that  bacteria, once  grown, oxidize  thiosulfate under  conditions  which  are  not

suitable  as  the initial conditions,  or  that  polythionates formed  from  thiosulfate are  decom-

posed (Sato, T., Mizoguchi,  T., Okabe, T. : unpublished).
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Fig.2.  Eflect of  thiosulfate cencentration  on  the
   growth  of  T. rubellzas and  7: deticattLs.

   -O-,  Z  rubelltts; -O--,  Z  delicattts
   Mcdium,  YE  medium  with  various  concentra-

   tions of  thiosulfate; cultivation  time, IO days.
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Fig. 3. Time  course  of thiosulfate oxidation  by Z
  rubellus.

  O,  pH;  e, cell  yield; O, S20s2-;  O, Ss062-;

  O, S40e2-; e, s042-
     A  loopful of  cells  grewn  on  slants  was  trans-

  ferred into 20e ml  of  YES  medium,  and  was  in-
  cubated  at 30eC on  a  reciprocating  shaker,  At

  regular  intervals, about  12 ml  of  the  sample  solu-

  tion  was  taken  out  and,  aftcr  the  measurement

  of  pH,  analysed  for sulfUr  compounds  and  cel!

  protein by  the methods  described in the tcxt.
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Fig. 4. Time  course  ef  thie3ulfate oxidation  by171
  delisatus.

  Experiment  was  carried  out  by  the  procedure
  shown  Sn Fig. 3. Symbols  are  as  described in
  Fig. 3.

   opect of temPerature on  the growth of Z
temperature  on  the  growth  of  71 rubellus  and

YES-agar  plates with  suspensions  of  the pure

rubellus  and  7-: deticatus The  eflect  of

 T  delicatus was  investigated by streaking

cultures  and  incubating at  20, 25, 30, 35,

 100

.E  BO.:!g

 6os:

 40'siV20

o

 9-vL----
tJ 

o
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4567
 tnitial pH

8

Fig. 5. Eflbct of  the initial pH  on  the  growth  of  T.
  rubetlzas and  Z  deticattes.

  
-

 O-,  71 rubellus;  
--O--,

 7: delisatus

  Medium, YES  medium  of  various  pH  values;

  clutivation  time, 10 days. pH  values  are  those

  shown  before sterilization, which  diffbred from

  the pH  values  shown  after  inoculation by  1ess
  than  O.1.
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Table  4, Oxidation of  elemental  sulfur  by T. rubeltus  and  TL deticatus.

Microorganism  Org, compd,  addcd  (%)Final
 S04E± formed

pH  ("g/ml)

71 rubellus

 71 delicatus

 Control

Basal medium:  modified  Colmer  medium  witheut  thiosulfate, elemental

sulfur  added  : 1 g, Tween  80 added:  1 ml  of  O,250/o soln.,  cultivation  time:

10 days.

{

NoneYeast

 extract

FructoseGlycerol

NoneYeast

 extract

Sodium  aspartate

Nonc

(O, 1)(O.
 1)(O,

 1)

(O. 1)(1.
 0)

5, 785.624,773.

 673,

 303.303.805.78

  27

 123

  90

 135

 192

 6822,

 200

   e

40 and  45eC for a  week.  The  results  indicated that  both micreorganisms  grew slowly

at  200C, but grew  well  over  the  temperature  range  of  25 to 350C with  the  optimum  at

300C. The  highest temperature  for the growth of  T. rubeltus  and  TL delicattas was  found
to be  35 and  400a, respective]y.

'
 Oxidatien ofelemental suijizr To  investigate their ability  to oxidize  elemental  sulfur,

 rl rubetlus  and  T. delicatzLs were  grown in modified  Colmer  mediurn  from  which  thiosulfate

was  omitted,  and  to which  elemental  sulfur  and  organic  compounds  were  added.  It is
clear  from the  results  shown  in Tab]e 4 that, as  is in the  case  of  thiosulfate oxidation,  71
rnbellus  oxidizes  elemental  sulfur  only  when  organic  compounds  are  added  to the  medium.

On  the other  hand, with  T: delicatus the  pH  of  the medium  dropped to 3,3 accompanying
the  formation ofa  small  amount  of  sulfate  in the absence  ef  organic  compounds.  The
addition  of  yeast extract  and  aspartate  greatly increased the  amount  of  sulfate  formed.
Accordingly, it is considered  that  71 delicatus possesses the ability  to oxidize  elemental

sulfur  not  Qnly  under  mixotrophic conditions  but also  under  autotrophic  conditions.

However, the  oxidation  activity  of  T. rubellus  and  71 delicatus toward  elemental  sulfur

is extremely  low, considering  that  Tl thioexidans oxidizes  elemental  sulfur,  resulting  in
a  sulfate  concentration  of  about  10 mgfml.22}

    Sbtubilization of ores  The  leaching of  ores  was  performed. As is evident  from
the results  shown  in Fig. 6, the  amount  of  sulfur  released  from 

"Kurok6"
 (black ore)'

increased with  increasing Ieaching time in the prescnce of  the isolated bacteria. However,
it is not  clear  from what  kinds of  minerals  sulfur  is released.  On  the  other  hand,  the
amount  of  cepper  released  was  as  low as  2-9 pgfg-ere, and  was  independent of  leaching
time and  the presence of  bacteria. The  degree of  dissolution of  copper  and  of  sulfur  from
chalcopyrite  and  

"Keik6"
 (sliceous ore)*  were  very  small  regardless  of  the  presence of

bacteria. Consequently, it may  be concluded  that  the  activities  of  L  rabellus and  of  T.
deticatus for solubilizatien  of  ores  are  extremely  small,  compared  with  those  of  such  acido-

philic bacteria as  T  thiooxidans and  T  .farrooxiduas.i-s,23,24)

    It has been  demonstrated by  many  studies  that  the  cell  yields obtained  under

mixotrophic or  heterotrophic conditions  are  higher than  those  obtained  under  autotrophic

conditions,  while  cells harvested from media  supplemented  with  organic  compounds

*
 

"Kurok5"
 (black ore)  and  

"Keikfi"
 (siliceous ore)  together  with  

"Ok6"

 (yellow ore)  are  the  most  typical

 ore  types  of  the so-called  
"Kurok6

 deposits". 
"Kurok5"

 is rich  in sphalerite,  galena  and  barite with some
 tetrahedrite,  pyrite and  chalcopyrite.  

`[Keik6"

 is highly siliceous  ore  with  some  chalcopyrite  and  pyrite.
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mt
 O, Zrubellus; O,Tdelicatus; e, control

     
-V.

 
"Kurok5"

 <<100 mesh).  After steri]ization  for

     E. with  5ml  of  YE  medium  which  had  prcviously

                                     Baso4  6o.o4.
           Leaching  time Cday)

show  a  reduced  rate  of  oxidation  of  inorganic compounds.7,25,26}  However, the  present
results  indicate the possibility of  finding various  types  of  bacteria in mine  water,  and  that

there might  exist  bacteria having an  enhanced  growth  rate  and  leaching activity  in the

presence of  organic  compounds.

   Classification It has been recognized  that  heterotrophic organisms  oxidize  thiosul-

fate quantitatively to tetrathionate  without  obtaining  energy  from  this process.27) 71
rubeUus  and  T. delicatas, however, may  be assigned  to thiobacillii7) by considering  the

fo11owing aspects:  1) both  microorganisms  are  Gram-.negative rods  capable  of  obtaining

energy  by  oxidizing  thiosulfate to suifate,  2) their base composition  of,DNA  is close  to

that of  Z  noveUtts  and  7': denitripcans (see Table 5).2S)

             Table  5. Base compositien  of  DNA  ef  71 rubetius,  T, delicatus and

                other  thiobacilli,2S)

Spccies Strain G--C(mol%)
 

Group2s)

T. rubetlus*

T. delicatus*

T. trantwct'ni**

T: novell:Ls

Z  denitrifcans

TL thiopar:ts

T  thioayanoxidans**

KT-7TuT-1 65± 367

± 3

 NCIB  9549

 NCIB  9113

{ NCIB  8093

 Baas-Becking (Trudinger)
 NalB  8349

{ NCIB  8370

 NCIB  5177

66686664666263

(1)

T. neopetitantLs

T..ferreoxtdans

Baas-Becking (Trudingcr)
(Aieem)

5657

(2)

7: thieexidens

71 cencretivorus**

(NCIB 9112
L NCIB  8085

(NCIB  9514

{IP[2P

5252515152

(3)

*
 Both  microorganisms were  grown  in YES  medium.

**
 These  microorganisms  are  not  included in Betgay's Mbnual  of Deter-

  minative Bactericlegy C8th ed.).
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    TL rubellus cannot  grew autotrophically,  but can  grow  heterotrophically. 
'IThis

organism  oxidizes  thiosulfate only  in the presence of  organic  cGmpounds.  These  char-

acteristies  of  Z  rubeUtas are  in good agreernent  with  the  definition of  chemolithotrophic

heteretrophr proposed by Rittenberg.iS,2ti) 7: perometabolis2i) was  

'considered
 the  only

chemolithotrophic  heterotroph that can  oxidize  low  valcnce  su!fur  compounds.ie,i?,aS)

TL rttbelltts, however, seerns  to be  a  new  chemolithotrophic  heterotroph distinct frorn T:

peremetabein, since  TL rzebeads  forms reddish  ¢ elonies  and  grows in a  mineral salts  mediurn

supplernented  with  such  single  carbon  sources  as  glycerol and  glutarnate.

    On  the other  hand, Z  dettcatus can  grow not  only  heteretrophically but also autotror

phically, indicating that 7: detictttus belongs to rnixotrvphr.  OnlY' two  thiobacilli, i.e.

7: nevellusSe) and  TL intennedias,iS) have been assigned  to mixotrophr.i6,i'}  The  base

composition  of  DNA  of  7: deltcatus as  well  as  T  
･rnbettas

 resemb!ed  that  ef  T･ noveUus

(Table 5). TL detictittts, however, may  be differentiated from T: novellus  by the following

aspe ¢ bs: !) TL dettcattLs oxidizes  elemental sulfur,  esren  ifits extent  is low, 2) the  optirnum

pH  range  for growth of  Tl deticattts (5-7) is !ower than that of  T: nevellus  (7.8-9.0),Re) 3)

the pH  seklom  drops befow 5.8 in the oxidation  of  thiosulfate by Z  nevellus,ae)  4) the

phenomenen of  higher cell  yield under  mixotroPhic conditioms  has not  been reperted  for

TL nevettds.  7L delicatus is distinguished ffom 11 inberrnedius in that 
'T:

 detisatzas can  grow  on

a  wide range  of  single  carbon  compounds,  and  that flagella are  not  seen  in Z  dehrattts.
ThiobaciUus A2, a  new  mixotrophic  bacterium described by Taylor and  Hoare,aO) may

be differentiated from Z  delimtets, since  Thiobaciilus A2  is very  similar  to  TL nevelltss cxccpV

that Thiobaeillus A2  utilizes  various  kinds of  organic  cempounds.

    Description of  zatobacillus rabeaue  nov.  sp.  Cets are  rod-shaped,  usually

occuring  singly, and  rarely  in pairs, 1.0-t.6pm  by 1.7-3.epm, Gram-negative, non-

spore  forming and  motile  by  means  ofa  single  pelar fiagellum (Fig. 7). ()olonies on  O.1%

yeast e)ctract  -O.5%  thiosulfate  agar  are  approximately  1 mm  in diaineter with  smooth

outer  edge,  and  are  tinged with  red.  The  center  efthe  colonies  become dark after  about

2 weeks  incubation. Cekls are  net  capable  of  autotrophic  growth. Good  grewth  occurs

in thiosulfate mineral salts  rnedium  supplemented  with such  organic  compounds  as  yeast
extract,  glyccrol, glutamate, fructose and  aspartate.  Heterotrophic growth occurs  in

yeast erctract  medium  and  in mineral  salts  medium  supplemented  with  single carben

sources,  e.g. glycerol, glutamate and  fructose. The  cell  yield in yeast extract  medium

is greatly inereasecl by  the addition of  thiosulfate. Its exidation  activity  towards  elernental
sulfur  is erctr¢ mely  low even  if organic  compounds  are  present. Optirnal growth condi-

tions are  30"C and  between pH  5 and  7. Marginal growth oceurs  at  35"C. Vhe G+C
content  of  DNA  is 65±3 mol  %.
    Descrigtion of  IViiebactilus delicatus  nev.  sp.  Cells are  rod-shaped,  usually

Eg. 7. Electron micregraph of  Z  rtsbdlas  gtewn  in
   YES  medSum.
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Fig. 8. Electron micrograph of T: deliaattts grown  in
  YES  medium.
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The  G+C  content  of  DNA  is 67±S mo!  %.
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