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Isolation and  Cultivation ofMethanol-UtilizingBacteria

TEIzl URAKAMI,IwAo  TERAo,and  IaHiRo NAGAi

IViigala Research Labe,utay, vats:tbtshi Gczs (]eemis

             Enekithe, Migata 950, Jtiptmal
 thnlpa41, fiiC., i

   A  large number  of  methanol-utilizing  bacteria were  isolated from  a wide  variety  of

natural  sources  in Japan. fsolates BNK-84,  B-I85 and  BNS-25  which  shewed  interesting
characters  of  high growth  ratc,  high Qptimum  growth  terriperature, or  low Qptimum
growth  pH  were  used  for -this study.  Continuous  cultures  of  these strains were  carried

out,  and  the  feasibility ofsingle  cel1  protein production from methanol  was  studied.

   Optimum  cultural  conditions  of  strain  BNK-84  were  38eC, pH  6.2-6.8 and  a  di!ution
rate  ofO.2-O.6  h-i, those  af  strain  B-185 were  4042eC,  pH  6.5-7.0 and  a  dilution rate  of

O. 1-O.33 h-i, and  those  of  strain  BNS-25 were  below 32eC, pH  4.0-4.5 and  a  dilution ratc
of O.10-e.17h-i. Of  these  strains,  strain  BNK-B4  seerns to be tlie most  suitable  for
cormnercial  production of  bacterial SCP  from  methanol  in the cell  yickl, the growth rate,
the contents  ofcrudeprotein  and  amino  acids,  and  thc cemposition  of  amino  acids.  Strain
B-185 showed  an  interesting character  of  high growth  temperature,  and  strain  BNS-25
exhibited  an  optimumgrowth  pH  ofas  low as4.5.  Strain BNK84  showed  thc rnaximum
specific  growth  rate,  O.60 h-i; a  celI  yield, 45 wt%  ; a  content  of crude  protein, 86 wt%  ;
a  content  of  amino  acids,  70 wt%;  and  the maximum  content  of  nucleic  acids, 20 wt%.
The methanol  consumption  rate  per unit  cell mass  for maintenance,  m,  was  about  O.04g
methanellg  cell･h.

   Protein and  anthrone-pasitivc  substances  (APS) were  detected in the broth super-
natant  of  the three strains.  EspectaUy strain  B-185 produced  a  large arnount  of protcin,
and  its productivity was  decreased by an  inerease of the dilution rate  and  the cultural
temperature.

  Single cell  protein (SCP) would  be usefu1

for preventing the  anticipatcd  world  protein
shortage.  Methanol is one  of  the  desirable
carbon  sources  for production of  SCP  on  the

basis of  quantity of  production, purity, and

water  solubility.  At first, Bacilltts metdytdatts

was  reported  as  a  mcthanol-utilizing  bac-
terium  in l892 by  Loew,i) and  since  then,

Bacilltts exterguens  in 19142) was  reported.  In
the  last ten years the  production of  microbial

protein from methanol  was  extensively  studied

by a large number  of  scientists and  corpora-

tions.3"i7) Currently theImperial  Chemical
Industry (LC.I) is producing SCP  commer-

cially  using  methanol  as  a  carbon  source.is)

  In any  processes in SCP  production, it isi
very  important  to know  and  optimize  the

substrate  yield which  is defined as  the weight
of  dry cells  produced per g of  carbon-contain-

ing substrate  consumed.  Thc  three  para-

meters  of  fermentations that  infiuence sub-
strate  yield are  the dilution rate,  the cultural

temperature  and  the  cultural  pH.s,6±g,n,i3,

i7,ig)
 The  choice  of  optimum  values  fbr

these  tl)ree parameters can  only  be made  by
considering  the eflects  they  may  have on  both
the  substrate  yield and  the cell  composition

Variations in the dilution rate,  the  cultural

temperature  and  tlie cultural  pH  would

infiuence the intracellular contents  of  protein,
nucleic  acids,  lipids and  polysaccharide, and

the  extraceliular  content  of  carbon  com-

pounds.ri,17,2o-23)

  This paper deals with  the  isolation of

methanol-utilizing  bacteria and  the optimum

operating  conditions  for continuous  cultures.

          Materhls  and  Methods

 lsolation of  methanel-utilizing  bacteria
thanot-utilizing  bacteria were  isolated by  theMc- en-
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richment  culture  technique  at  30 or  37eC from a  wide

variety  of  natural  sources  inJapan.M) Media A  and  C
were  used  for the  isolation. Medium  A  was  composod

of  (NH4)!HP04, 3.0 g; KHiP04,  4.0g; MgSOe7HtO,

O.2g; CaCls･2H20,  20mg; FeSOt7HsO,  20mg;
ZnS04･7H20,  5.0 rng;  MnC12`4HsO,  2.0 mg;  CuS04･

5H20,  O.5mg;  vitarnin  solution,  O.iml;  CHsOH,

10ml, and  distiIIed water  1,ooeml, thc pH  was  ad-

justed to 7.0. Medium  C  was  composed  of  (NH4)r
S04,  3.0g; KH2P04,  4.0g; MgS04･7H20,  O.2g;

CaC12･2H20,  20mg;  FeS04･7H!O,  20mg;  ZnS04'

7H20,  5.0mg;  MnCI2-4HaO,  5.0mg;  CuS04'5HsO,

O.5mg;  vitamin  solution,  O.1ml;  CHsOH,  10ml,

and  distilled water  1,OOeml, the  pH  was  adjusted  to

4.5. The vitamin  solution  was  composed  of  biotin,

2 mg;  calcium  pantothenate, 400 mg;  pyridoxine-HCI,
400mg;  thiamine-HCI,  400rng; P-aminobenzoic
acid,  2oo mg;  folic acid,  2 mg;  inositol, 2 g; nicotinic

acid,  400 mg;  ribofiavin,  2oo mg;  and  distil1ed water

1,OOOml. Pure  cultures  werc  obtained  by  rgpeated

plating en  modiurn  A  or  a  solidified  with 2%  agar.

According to this procedure, 1"  strains  wcre  isolated.

Isolates BNK-84,  B-185 and  BNS25  shQwed  interesting
characters  of  high growth  rate,  high optimum  growth
temperature,  or  low optimum  growth  pH, and  were

used  for subsequent  experiments.

  Culture  system  Continuous cultivation$  were

carried  out  in a  10l jar fermentor operated  at  an

aeration  rate  of  5 tlmin and  an  agitation  ratc  of  1,OOO

rpm  as  prtrviously reported.SS,2G)  The disselved
oxygen  concentration  in the fermentor was  kept be-
tween  2 to 8ppm  during cultivation.  Thc  pH  was

controlled  by adding  aqucous  ammonia.  The  com-

posltion of  the medium  used  was  as  foliows; CHsOH,
leg;  (NH4)2S04, 1.0g; KHxP04,  1.5g; MgS04-
7H20,  O.5g; CaClt'2H!O, SO mg;  FcCell60v'XHaO,
30 mg;  Mna12'4H20, 5.0 mg;  ZnSOe7HxO,  5.0 mg;
CuS04･5H!O,  O.5mg,  and  disdlIed water  l,OOOml.

Medium  supplemcnted  with  calcium  panthotcnate,
O.4 mglt,  was  used  for strain  BNS-25.

  Methods  of  analysis  The  cell  yield on  meth-

anol  (grams of  dry cell  weight  produced  per gram  of

methanel  consumod)  in a  continuous  culture  was  deter-

mined  for a  number  of  steady  state  conditions  after

30h  or more  cuhivation  at  varying  dilution rates.

For the  estimation  of  the dry cell  weight,  sarnples  of

cell  suspenslons  were  centrifuged  at  10,OOOxg  for 10

min.  The pellets were  washed  twice  with  distilled

water,  dried at  1050C for 24h,  and  weighed.  The

concentration  of  methanol  was  measured  by  gas
chromatography.  The  content  of  crude  protein was

estimated  frorn the total nitrogen  content  measured  by

the  micro-･keldahl  method.  The  content  of  amino

acids  was  estimated  by assaying  with  an  automatic

amino  acid  analyzer.  Samples were  preparcd by
hydrolysing whole  cells  in 6N-HCI for 22h  at  1100C
under  vacuum.  Tryptophan  was  estimated  separately

by a  colorimetric  method.27}･  The content  of  nucleic

acids was  measured  according  to the method  of

Schneider.2S) The rnaintenance  coeMcient  (m)
which  represents  the cnergy  expended  in proccsses
othcr  than  those directly involved in synthesizing  the

biomass was  estimated  by the  method  of  Abbott  d  al.tO)
The  content  ef extracellular  carbon  compounds  in the

broth supcrnatant  was  determined as  chernical  oxygen

dernand (COD) by the method  in the previous repert.ie)
The  content  of  true  protein in the broth supernatant

was  measured  colorimetrically  by the method  of  Lowry

et al.,ig) with Folin-phenol solution  and  albumin  as

standards.  The  contcnt  of  anthrenc-positive  sub-

stanccs  (APS) in the broth supernatant  was  assayed

by a  colorimetric  procedure with  anthrone  reagent

and  expressed  as  glucose.so)

               Results

  Continuous  cultures  o £  strains  BNK-

84, B-l85  and  BNS-25

  (1) 1nj7uence of ditution rate en  the celtlield,

the specijic rate  of methanol  censumption,  and  the

compositinn  of celts Strains BNK-8tl,  B-r85
and  BNS-25  were  cultivated  in a  chemostat

under  methanol-limiting  conditions  at  differ-
ent  dilution rates.  Strain BNK-84  was

cultivated  at  380C and  pH  6.5, strain  B-185
at  420C  and  pH  6.5, and  strain  BNS-25  at

320C  and  pH  4.5. The  cell  yield, and  the
contents  of  crude  protein, amino  acids  and

nucleic  acids,  at  the  diflbrent dilution rates

are  shown  in Figs. I, 2 and  3.

  The  cell  yield increased with  the dilution
rate,  and  thcn  dccrcased. The  contents  ef

crude  protein and  amino  acids  were  constant

fbr all the dilution rates  tested. The  content

of  nucleic  acids  increased in paral1el with  the

dilution rate  up  to the  maxirnum  dilution
rate.  The  specific  consumption  rates  of

methanol  at  various  dilution rates  are  shown

in Fig. 4. The  methanol  consumption  rates

per unit  cell  mass  for the maintenance,  m,  of

strains  BNK-84,  B-185 and  BNS-25  were

estlmatcd  to be about  O,04g methanol!g

cell･h  by extrapolation,

  (2) h!tluence of cttltural  tmperature on  the

grotvth rate,  the ceU]ield,  and  the eomposition  of
celts  Aside  from  the  cost  of  the carbon
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Fig. 1. Influence of  dilution rate  on  the cell  yield and  the composition  of  cells  (Strain
  BNK-84,  terriperature: 38eC, pH  6.5).
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a  higher optimum  temperature
are  desired.
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Fig. 2. Influence of  dilutien rate  on  the  cell yield and  the composition  of  ceUs  (Strain
  B-185, temperature:  42eC, pH  6.5).
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Fig. 3. Influence of  dilution rate  on  thc cell  yield and  the composition  of  cells  (Strain
  BNS-25, terriperature:  S2eC, pH  4.5).
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380C, and  that of  strain  B-185 was  about

iro
 to 420C for the cell  yield, the  growth  rate,

and  contents  of  crude  protein and  amino

acids.  Strain B-185 was  able  to  grow suM-

ciently  at  460C.
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       lnfluenoe of  cultural  pH  on  the maximum

   growth rate,  thc cel!  yield, arid  the compositien  of

      (Strain BNS-25, 32eC).

   Ma)umum  dilution rate  (Dm, h-i) -o-,
     dilution rate:  D==O.125  h-i, Cell yield (V:xls,
       -x-, Content of  crude  protein (C.P, wt%)

      at  42eC, and  that  of  strain  BNS-25

      optimum  pH  for the  growth of  strain

       was  approximately  4.0 to 5.0, that

        BNK-84  was  approximately  6.5 to

        that  of  strain  B-185 was  approxi-

      6.2 to  6.8. Strain BNS-25  grew  at

       low as  2.0, but did not  grow  at  pH

      lhL17beence of' the dilection rate  and  ettltural

temperature en  the Preduction of extracellutar

      campounds  The  contents  of  extra-

       carbQn  compounds  in the broth
supernatant  of  strains  BNK-84,  B-185 and

       cultivated  at  different dilution rates,

        temperatures  and  diflerent pHs
    studied.  Strains BNK-84  and  BNS-25

produced a  small  amount  of  extracellular

       compounds,  and  the content  was

      100 to 5oopprn  as  COD.  Oh  the

     hand, strain  B-185 produced  a  large

       of  extracellular  carbon  compounds

approximately  1,400 ppm  as  COD  at  dilution

    below O.3h-i, 380C  and  pH  6.5. The
      decreased with  increases of  the dilu-
tion  rate  and  cultural  temperature,  and  it was
below 500 ppm  as  COD  at  dilution rates  of

more  than  O.3h-i or  temperatures  of  more

than  42eC. The  contents  of  protein and

anthrone-positive  substances  (APS) in the

     i5oo

    E
    a

    e
    o[Ooo

    B
      5oo

    10

   +?
   Z-a'i5co
   e.-a
   co 

-:-

   Z:.iooo
   Ee
   .e..o-.soo

   -v.-o.

   38
   QO

   g8  o
   oo

Fig. 11.

   (A)

   (B)

broth

the  
'

resembled

mum

littlely

 1oo to
majority

  Strain

slimedilution

like the

[J. Ferment Technol.,

DiTution rate  (h'1)

        O,O O.I Q2  O.5 O,4 O.5
               Dilution rate  {h-1)

       Extracellular carbon  compounds  in the

   broth supernatant  of  strain B-185 (pH 6.5).
       Influence of thc  dilution rate  and  cultural

   terTiperature. --o-
 3eeC, -o-  40eC, --.  aec.

       Concentration of  protein and  anthrone-pesi-

   tive  substances  (380C). -o-  protein, -e- APS.

     supcrnatant  cultivated  at  38eC, and

pH  6.5, are  shown  in Fig. 11. The  change  of

    protem content  with  the dilution rate

         the  COD  change,  and  the maxi-

     content  of  protein was  approximately

1,1OOppm. ThecontentofAPSwaschanged

    by the dilution rate,  it was  approximate-

        300 ppm. From  these results,  the

        of  the extracel1ular  carbon  com-

pounds  were  presumcd to be proteinaceeus.
        B-185 produced  the  slime  in the

contmuous  culture  at  380C and  pH  6.5. The
     dccreased with  the increase of  the

       rate  and  the  cultural  temper.ature

        contents  of  extracellular  carbon

compounds,  and  were  scarcely  found at  dilu-
tion rates  of  more  than  O.42 h-i, or  at  tempcr-

atures  of  more  than  400C. On  the  other

hand, strains  BNK-84  and  BNS-25  did not

produce the slime  in all the  continuous

culture  conditions  tested.

  Comparison  ef  strains  for production
of  SCP  from  methanol  Results ef

centinuous  cultures  of  strains  BNK-84,  B-185
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Table  1.Summarized  data of continuous  cultures  ofstrains  BNK-84,  B-1B5 and  BNS-25.

BNK.8tlB-IB5BNS-25

Optimum  growth  pH
Optimum  growth  terriperature (bC)
Maximum  specific  growth  rate  (h-i>
Optimum  dilutien rate  (h-i)
Cell yield (wt%)
Content of crude  protein (wt%)
Content of  amino  acids (wt%)
Content of  nucleic  acids  (wt%)

6. 5m7.0 6. 2-6.8 4. 0-5.0

  38 40-42 ･k.32

  O. 60  O. 45 O. 20
O. 20-O.60 O. 1070. 33 O. 10-O. 17

  45 42 45

  86 8tl 64

  70 67 48

 l4-20 14-17 8-IO

and  BNS-25  are  summarized  in Table 1.
The  amino  acid  compositions  are  shown  in
Table 2. Compared  with  the standard

composition  proposed  by the FAD  (Food and
Agricultural Organization), the content  of

methionine  in strain  BNS-25  was  low. But,
the  contents  of  other  amino  acids  in strain

BNS-25,  and  the contents  of  al1 amino  acids

in strains  BNK-84  and  B-185, in terrns of

essential  amino  acids,  were  very  or  fairly high.
Of  these  strains,  strain  BNK-84  seems  to be
the most  suitable  for commercial  production
of  bacterial SCP  from methanol  on  the  basis
of  the  cell  yield, the growth  rate,  the contents

of  crude  protein and  amino  acids,  and  the

composition  of  amino  acids.

  Optimum  cultural  conditioms  for strain

BNK-84  were  380C, pH  6.2-6.8, and  a

Table 2.Comparison  of  the compositions  of  cells  and  the FAD  standard.

 tralnBNK-S4  tramB-185  tralnBNS.25

standard

CompQnent gf!oog giloog
  of of,
biomass proteingllOOg

 gllOOg  glloog  gilOOg
  of  of  of  of

biomass protein biomass protcingtlOOg
  Of.proteln

dnde  protein (Nx6.2S)
Amino  acids

   (Essential amino  acids)

      Lysine
      Threonine
      Valine
      Methienine
      Isoleucine
      Leucine

      Phenylalanine

      Tryptophan

   (Non-essential arnino  acids)

      Nanlne

      Arginine
      Aspartic acid
      Cysteine
      Glutamic acid
      Glycine
      Histidine
      Prolinc
      Serine

      Tyrasine
Nucleic acids

88. 870.

 8

4.43.55.

 0L94.

 16.
 43.6L6

5.83.
 67.9O.68.

 44.
 8L22.

 72.
 72.619.

 3

1oo. O

6.24.97.

 12.75.

 89.05.

 t2.3

B.25.
 1!L2o.a11.86.81.73.83.

 83.
 7

84. 067.

 0

4.63.34.31.73.75.73.

 31.3

5. 44.17.2O.67.74.5

 L33.
 32.
 52.
 515.

 7

IOO.O

7.04.96.42.55.58.64.9L9

8.16.110.7O.911.66.7

 1.94.93.73.7

64. 9ms.
 6

2.62.63.

 5O.7Z4122.

 1O.
 9

4.43.
 95.
 1O.
 45.
 53.3Ll2.

 3

 1.8L810.0

100. 0

5.35.37.2L44.98.64.

 31.9

9.18.0!O.6O.B11.46.82.34.

 73.73.7

100. 0

4.22.
 84.
 22.24.

 24.
 82.
 8L4

Strain BNK-8tt:  38eC

g:;.:l.,: gfigl,:,12gC,:Gl
 H  6.5, D==  O.472 h-i
tf  6.5, D==O.220  h-i

pH  4.5, D=e.ltt8  h--t
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Table  3.･

            URAKAMI, TEIRAo, and  NAoAI [J. Ferment. Technol.,

Comparison  of  methanal-utilizing  bactcria for production of  bacterial SaP.

Strains

Optimum
temper-  Optimum
   ature  pH
  (oC)

Maximum
 dilution
  rate

  (h-1)

                    Maintmmce
      Content Content

,:C･:C.!5,o,,f.,IitrEd,eo::a.t/..",ofug,O.leliglGl

'

inl
t

,,Reference

Rseudemonas
 'ne:bylotmpha

?ldedylomenas sp.

Mlebylomonas
 metilaneldaa  Ml3V

Mixod  MSI

IVdedylontonas clanz

Mbbylomonas  sp.

  a.1012
Rseteolomenas sp.  A

Strain BNK-84

Strain Bl85

Strain BNS-25

37

3035

3439co

37384232

 6. 8

 7.3

 6.7

 6. B5

 6.B

 7. 0

6. 5-7. 0

 6.5

 6.5

 4L5

>O.23

 O. 25
 O. 50

 O. 4B

 o. co

 O. 30

 O.45

 e. 6o

 O. 45

 O. 20

"

co39

"5048

44.B454245

7L5

7B. 680-8572.

 5

 76

 86

 84

 M

69-7S60.

 5

687067ca

O. OB2.

 2

O. 02O.

 04O.
 MO.

 04

   (4)

   (9)
  (10)

  (il)
  (12)
  (14)

  (16)This
 work

   e
   e

diIution rate  of  O.2-O.6h.'i The  maximum

specific  grovth rate  was  approximately  O.60

h-i, the cell  yield was  approximately  45 wt%,
                                 .
the  content  of  crude  protein was  approximate-

ly 86 wt%,  the  gontent of  amino,  acids  was

approximately  70wt%,  and  the maximum

content  of  nucleic  acids  was  approximately

20 wt%.

              Discussion

  Miura  et al.23) reported  that the content

of  nucleic  acids  increased with  the dilution

rate  but the  content  of  protein stayed  con-

stant, and  Goto et  at.i7)  reported  that  the

contents  of  erude  protein and  nucleic  acids

decreased with  an  increase of  cultural  temper-

ature,  but  the content  of  amino  acids  stayed

constant.  These  results  were  confirmed  by
the  prescnt study.  Protein and  APS  were

detected in the  broth supematant  of  con-

tinuous cultures  as  reported  by Goto et al.i7)
Especially, strain  B-r85  produced a  large
amount  of  protein, and  its productivity was

decreased by an  increase of  the  dilution rate

and  the cultural  temperaturc.

  The  characteristics  of  strains  BNK-84,

B-185 and  BNS-25  were  cornpared  with

those of  other  rnethanol-utilizing  bacteria
4}e-i2,i4,ie)  as  shown  in Table 3. Abbott
and  Clamenig}  have  demonstrated the  im-

portance of  the maintenancc  coeMcient  (m)
in the  economics  of  the SCP  production
process and  the  importance ef  choosing

microorganisms  having  a  low maintenance

coeMcient.  The  maintenance  coethcients  of

strains  BNK-84,  B-I85 and  BNS-25  were

lower than  other  methanol-utilizlng  bacteria.
Strain BNK-84  was  presumed  to  one  of  the
most  sultable  strains  for the production of

SCP  on  the basis of  the  growth rate,  the  cell

yield, the content  of  crude  pretein, and  the

optirnum  growth  temperature.  Strain B-185
showed  an  interesting character  of  a  high

growth  temperature, and  strain BNS-25
exhibited  an  optimum  growth  pH  of  as  low

as  4.5. Almost all ofthe  strains  used  for the

production of  SCP  were  so-called  obligated

methanol-utilizing  bacteria, and  fixed fbrm-
aldehyde  by the ribulose  phosphate pathway.
3i)  This supported  the  results  of  van  Dijken
and  Harder.7}

  A  continuous  culture  of  strain  BNK-84

was  conducted  uti!izing  the  pilot plant
provided with  an  air-lift fermentor of  which

reports  were  presented at  the secend  and  the

third international symposia  on  microbial

growth  on  Ci-compounds.S2,33}
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