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Abstract

   Seven species  of  methanol  assimilating  yeasts were  isolated from  samplcs  of  $oil

by  enrichnent  techniques  using  tetracycline. Among  thcrn, two  new  species;  72)nttopsis

methamoserbosa  ABE  et YbKoTE  sp.  nov.  (KY 12001, FERM-P  NO  1208, ATCC  20361)
and  Tbrutopsis metilanodemerceii  A]E  et YbKoTE  sp.  nov.  (KY 12002, FERM-P  NO  1978)
were  selected  and  characterized.  7; methanosorbosa  could  grow  in as  much  as  5%

methanol  concentration,  and  grew  well  in 1%,  The  maximum  production rate  of

biomass was  observed  at  300C  and  pH  5.5 to 6.0, using  a  semi-synthetic  mediurn  sup-

plcmented  with  methanol,  ammonium  chloride,  vitamins,  salts  arid  O.1%  of  corn  steep

liquor. A  mean  generation time  was  estimated  to be  4.0hr. The  corresponding

specific  growth  rate  was  O.e92hri.  [[he cell  composition  was  as  fo11ows: crude

protein 47,4 to 57.1%,  nucleic  acid  2.82 to 3.36%  and  glutathione O.2%.

Introduction

    Many  bacteria utilizing  methanot  and  methane  have been isolated and  their mecha-
nism  of  oxidation  of  Ci compounds  studied.i)  With  the  advent  of  large scale  production
of  low cost  methanol  from natural  gas, interest in methanol  as  a  fermentation substrate

has increased. The  present and  future cost  structure,  the solubility,  the  ease  of  handling,
and  the  purity of  methanol  are  the factors which  make  methanol  an  attractive  raw  material

for single-cell  protein production. As a  consequence,  the  isolation of  yeasts capable  of

growing on  methanol  has recently  been reported  by Ogata et at.2) and  by  other  investi-

gators.3-8)
    In this paper, the  results  of  isolation and  taxonomicai  studies  of  new  yeasts and,  their

culture  conditions  in methanel  are  described.

Materials and  Methods

   Microorganisms  Methanol  utilizing yeasts were  isolated from 850  samples  of soil in Japan using
enrichment  techniques. Thirty one  strains of hydrocarbon utilizing  yeasts and  125 strains  of stock  cultures

preserved in our  laboratory were  also  used  for a  screening  test.

   Media  The  media  used  for isolation, purification, and  production culture  are  shown  in Table 1.
   Isolation and  culture  conditiens  Three  g ofsoil were  added  to 5 ml  ef medium  A  in a  test tube  and

incubated with  reciprocal  shaking  for 5 days at  30eC. After sevcral  subcultures,  rnethanol  assimilation  abMty

was  detected by an  increase in turbidity  of  the  culture  broth. The  methanel  assimilating  yeasts were  isolated

by  the usual  monocolony  SsoIatien method  from  the tubes which  showed  abundant  growth. Growth studies

wer ¢  canies  out  in shaking  flasks or  in 5tjar  fermenters, The  reciprocal  shakers  were  run  at  a  rate  of  120
rpm  at30aC.  Jar fermenters were  operated  with  an  agitation  of  600rpm,  an  aeration  ef  ! vvrn,  and  pH
centrol  with  aqueous  ammonia.

 
*
 Ptesent addrass:  Depatment  of  Agricultural Chemistry, University of  Kyoto  Prefecture.
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Table  1.aomposition  of  methanol  media.

Medium A B

Methdne'P

NH4crKHgPO`

KiHP04

Mgsa`･7Hto

Feso4･7Hto

MnSO`'4.v6HgO
Vitamine  mbEtureb

Corn  sterp  liquor

Achromycine

 2.0%  (vlv)
 O.4% (wlv)
 O.1

 O.1

 O.05

 O.OOI

 O.OOI

 1 mltl

  
-%175

 mgtl

LOO.4O.1O.1O.05O.oo1O.OOI1O.1-

gtllf:iarin'eledWtashi,:dhd,･...edttthei",8S'8ttl'fanti'6nfiaf.te'vinea:!as.lrol:I,;ll;thfiFdl'Mcpei?6ilotsihg,
  ,nicotinic acid  1,ooO rng,.P-aminotmic  acid  2oo rng,  fblig acld  10 mg  and  biotin
  10 rng .in, 1 l.
c  Convained 50 rng  of tetTacycline and  125 rng  of  ascorbic  acid.

   
ld,mtifieatien

 ef  yeasts  The  taxonomical  studies  of  new  bolates were  c[mducted  iti aco6rdanoe  with

i.Ileh :ptysfl[I laoffLLOcxldCltCer,a."dn) 
Kreger'Van

 
Rij9)

 
and

 
Iizulta

 and  GotoiO) and  the results  were  disoussedacoording

.,.,M.,,ct,h･.:l"..O･."".al..Ysi8,..M,e.th.":'[;i,w..a."a.il:lx:,V.,b.',.,ase6k'ee,::di:'i&,m,e･,,th.g.1,\,gng.,::/x:'xo:e,.phii,/::･X

was
 estimated  by the  nitrogen  content  obtained  by the micro--eldahl  method.  Cel1                                                     conoeritration  was

fu/:i.:.d"bD'NthA,e.e.t.tiC,."..,it[l'l`'Elitth66,On,M..thangli`i;!Csulhn":I'gdt.f:horh.Mos'`.a,."di:,lt)C2;;tX.etateshi`.i'Ma.,t.ed.,l[;:'l:l.t.tnd'::ll[[
?2e.aSmll: ttfillieSI 

i.n.g)tl:ethYetaS.tls)i
 

dilute
 
sulfuric

 
acid

 
at
 
40"a

 
for

 1hr and  assayed  by the s,s,.dithiobi,.

                             Results

   
ISolation

 and  identification of  metlismol-assirnilating  yeasts From  soil
sainples,

 24 strains  assirnilatfng  methanol  were  isolated by a  methanol  enrichnent  
¢ ulture.

On  the other  hand, nenc  of  the 156 strains of  stock  culturts  of our  laborato
growth  in a  methanol  medium.  These 24 strains reproduced  by multilateralrybSuhdOd:･ligd :lnidY

Fig ̀1. Photomicregraph of  Z  methanoserbosu  KY
  12001 grown  fbr 48 hr in YM  mediurn  at  25eC.
  Tlen divisiom show  10 1`rn.

Fig. 2. Pbotornicrogrfiph Qf 7: nre UICY
  12oo2 grvwn for 48hr in YM  me(lium  at  250C.
  Ten divisions ,thow lO prn. ,
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did riot form ascospores,  teliospores, ballistospores or  arthrospores.  They  were  confirmed

to be asporogenous  yeasts. According to'the  morphological  and  physiological studies,  these

24 yeasts were  classified into 7 species,  5 ofwhich  were  identified as  thndida boidinii, 7brulopsts
totTesii, 7brutbybsds bevina, TbrulqPsis anatemiae  and  7brulopsis cantarellii. The  other  two

strains which  showed  abundant  growth  in a  methanol  medium  were  not  identified with

any  known  species  and  were  named  l'brutopsis methanoserbosa  ABE  et YoKoTE  sp. nov.  (KY
12001, FERM-P  NO  1208, ATCC  20361) and  7-hrulopsis methanoclomerceii  ABE  et YoKoTE

sp.  nov.  (KY 12002, FERM-P  NO  1978). Photomicrograpks of  7-: methanosorbosa  KY

12001  and  TL methanodomercgii  KY  12002 are  shown  in Fig. 1 and  Fig. 2 respectively.

    Taxonomical  characteristics  of  new  species  The  detailed taxonomical  char-

acteristics  of  the  two  species  are  shown  in Table 2, Table 3, Table 4 and  Table 5.

There were  no  species  identical to these yeasts in the  system  of  Lodder.ii) Although some

of  the  physiological and  morphological  properties of  KY  12001  and  KY  12002  seemed  to

be similar  to those  of  Tbrutopsis nitratophila  and  7-brulopsis dbmercaii respectively,  some  sig-

nificant  diflbrences were  found in the  fermentation and  the  assimilation  of  carbon  sources,

and  the  maximum  temperature  and  vitamin  requirement  for the growth. They- were

regarded  as  new  species  of  72)rulopsis and  we  propose to name  them  7brutopsis methanosorbesa

and  7'brulcubsis methanodomerceii  beeause they  utilize  methanol  as  their sole  carbon  source.

    Tbrulopsis methanosorbosa  ABE  et  YOKOTE  sp.  nov.

    El,l,e.'L.7L,.MZkha,,".OgO,:bO.'".iS･6,ng"li,Ei,Y.a2:g'..!Flllg,},iil,[sg,N,.O,.k.2P8e,l,lr',9C.,ZO"Z6,i,',h,
singulae  aut  binae, Pellicula non  formatur. Cultura  in YM-agaro:  Cultura in striis

Table  2, Morphological properties of  7L methanosorbesa  KY

   KY  12002

12eOl andTL  methanedemerceii

                          Z  methanesorbosa

                            KY  12001

Shape  and  size  of  cel1  globose
                        (2 .5-3) x  <34) ILm

Growth in YM  liquid medium  pellicle not  formed
   (after3days at  25eC) ･･

Growth  on  YM  agar  abundant  growth
   (after 3 days at  25eC> slightly raised

               
･
 entire17  smooth

                        glistening butyrous

Characteristies of  vcgetative  reproduction

 budding  multilateral  budding

 rnycelium  formation not  formed

   (slide culture)

 spore  formation none

5facromorphological characteristias

   (aiier 50 days at  250C)
 size  1.7 cm

 shape  raised,  irregularly round

 color  cretaceus

 suTface  butyrous

T, methanodbmercgii
   KY  12002

long oval

(2-3) ×  {5-8) pam

pellicle not  formcd

abundantgrowth

slightly  raised

cntirely  smooth

gllstening butyrous

multilateral  budding
not  formed

none

2.5cmraisod,

 irregularly round

yellowish white

butyrous

YM  medium:  peptone  5 g, yeast extract  3 g, malt  extract  3 g, glucose
water  1,OOO m]  pH  5 to 6.iO)

10g  and  distilled
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post 3 dies ad  25eC  cremea,  nitida,  mucosa,  elevata  et  laevis. Cultura in lamina vitrea:
Pseudomyceliurn non  fbrmatur. Fermentatio: D-glucosum  et  D-mannosum  fermentatur.
Assimilatio carbo-compositorum:  D-glucosum,  L-arobinosum,  D-xylosum,  D-mannosum,

D-galactosum,  L-rhamnosum,  D-fructosum,  L-sorbosum,  trehalosum,  rnelezitosum  (valde
exiguum),  arbutinum  (valde exiguum),  D-sorbitolum,  D-mannitolum,  er'ythritolum,  ado-

Table 3.Assimilation  of  carbon  compounds

Compounds7:  tnethaneserbosa TL methanedomercgii
  KY  12001 KY  12002 CompoundsTL

 tnethanosurbosa

  KY  12002

D-Arabinose

L-Arabinose

D-Ribose

bXylose

D-Glucose

bMannose

D-Galactose

t"Rhamnose

D-Fructose

L-Sorbose

MaltoseSucroseLactoseMelibiose

Cellobiose

Trehalose
RaMnose

Melezitose

a-Methylglucoside

ArbutinStarchD-Sorbitol

+

+++++++

+

±

±

+

++++

++

+

D-Mannitol

InositolDextrinDulsitErythritAdonitMalic

 acid

Succinic acid

2-Keto-D-gluconate

Lactic acid

Gluconic acid

Acetic aeid

Pyruvic acid

Formic  acid

Methanel

Ethanoln-Propanol

i-?repano!

n-Buthanol

Methylamine.HCI

Ethylamine･HCI

n-ParaMn

+

++++

+

+

++

T: metiianodemerept'i
  KY  12002

     
'tN

     +

     +

     +

     +

     +

     ±

     +

     +

     +

     +

Table 4.Fermentation of  carbon  compounds

Compounds
Z  methatmserbosa

 KY  12001
T, metiiamodemeregii
  KY  12002

D-Glucose

D-Mannose

rvfaltoseCellobiosc

Melibiose
Galactose

SucroseLacteseRaMnose

Melezitose
Inulin

++ ++



The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  andBioengineering,  Japan

Vol. 52,1974) Yeasts Utilizing Methanol 205

Table 5. Phys;ological properties.

Z  methtinesorbesa

  KY  12001
71 methLtnodenrercgii
  KY  !2002

Assimilation of  potassium  nitrate

Splitting of  fat

Vitamin  stimulating  growth

Production of  carotenoid  pigments
Production of  star ¢ h-like compounds

Production of  excess  acids

Gelatin liqueiZiction

Optimum  temperature  for growth
Optimum  pH  for growth

PositiveNegative

BiotinThiamine-HCI

Negative

Negagive
Negative

Negative
30 to 370C

5to7

PositiveNegative

BiotinThiamin.HCI

Ncgative

Negative
Negative

Negative

28 to  320c
5to7

nitolum,  acidum  malicum,  acidum  succinium,  acidum  lacticum et  acidum  pyruvicum
asslmilantur  at  non  D-arabinosum,  D-ribosum,  maltosum,  sucrosurn,  lactosum, melibiosurn,
cellobiosum,  raMnosum  a-glucosidum  methylum,  amylum,  inositolum, dulsitolum, acidum

gluconicum et  acidum  aceticum.  Et etiam  methanolum,  fons carbonarius,  utitur.  Nitras
kalicus assimilatur.  Biotinae et thiaminae  necessariae  ad  crescentiam.  Materia  amylo

similis  non  producitur. Maxima  temperatura  crescentiar:  30-370C.  Habitat in terra,
Sakai, Japonia. 

'

    TOrutopsis  methanodomercqii  ABE  et  YoKoTE  sp.  nov.

   Type: 7-L methanodemerceii  sp.  nov.  KY  12002  (FE,RM-P NO  1978)

   Cultura in extracto  maltio:  3 dies ad  25eC, cellulae  ovatae,  longovatae aut  longae,

(2-3)× (5-8) pam, gingulae aut  binate. Cultura in YM-agaro:  Cultura in striis post 3
dies ad  25eC cremea,  mucosa,  elevata  et  laevis. Cultura in lamina vitrea: Pseudomycelium
non  formatur. Fermentatio: D-glucosum  et  D-mannosum  fermentatur. Assimilatio
carbo-compositorum:  D-glucosum,  D-ribosum,  D-xylosum,  

'D-mannosum,
 D-fruetosum,

L-sorbosum,  D-sorbitolum,  D-rnannitolum,  erythritolum,  adonitolum,  acidum  malicum,

acidum  succinicurn,  acidum  lacticum, acidum  gluconicum (valde exiguum),  acidum

aceticum  et acidum  pyruvicum assimilatur  at  non  pL-arabinosum,  D-galaetosum,  L-rhamno-

sum,  maltosum,  suctosum,  lactosum, rnelibiosum,  cellobiosum,  trehalosum,  raMnosum,

melezitosum,  a-glucosidum  rnethylum,  arbutinum,  amylum,  inositolum et  dulsitolum.
Et etiam  methanolurn,  fons carbonarius,  utitur.  

'
 Nitras kalictis assimilatur.  Biotinae

et  thiaminae  necessariae  ad  crescentiam.  Materia  anylo  similis  non  producitur. Maxima
temperatura  cresccntiar:  28-v32eC. Habitat in terra, Sakai, Japonia.
   Growth  characteristics  of  Tbrulepsis  methanosorbosa  KY  12001  The
most  abundant  growth in a  methanol  medium  was  shown  by 7'bratopst's methanesorbosa

KY  12001. The  growth  characteristics  of  the  strain  are  as  fo11ows:

    Ciptimum PH  This was  determined in the  rnedium  B  by  pH  control  culture  with

aqueous  ammonia.  The  organism  grew  over  the  range  of  pH  5.0 to 6.5 with  an  optimum

at  pH  5.5 to 6.0. The  growth curves  at  various  pH  in a5tjar  fermenter are  shown  in
Fig. 3.

   (]iptimum temperature A  growth test at  various  temperatures  was  carried  out  with  a

temperature  gradient incubator model-TN-3  (Toyo Kagaku  Sangyo Co., Ltd.). It was

found that  the  yeast grew  over  the  range  of25  to 40eC, well  at  370C. (Fig. 4). Jar fermenter
experiments  determined that  the  optimum  temperature  for the  growth was  300C  and  the
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O,6

  Q4onx-x

 Eet8o

 o.2o

oo
 20  40

Culture  Time  (hr)60

Fig. 3. Effect of  pH  on  gro"fth of  7: metiinneserbesa

   KY  12001.

   The  culture  was  grown  in medium  B in 5tjar

   fermenter with  pH  control  with  aqueous

   ammonia.  30ea, 600rpm.

   -----  pH  5.e, --
×
--

 pH  5.5,

    -O-
 pH  6.0, {-  pH  6.5,

    
-A-

 pH7.0.

subsequent  experiments  were  carried  out  at  30eC. ,

 
'
 Methanol concentration  The  eflbct  of  methanol  concentration  on  growth  was  studigd

in'a 5ljar  fermenter. Methanol was  fed every  24 hr and  the  pH  was  maintained  at

5.5. Growth  was  delayed in the medium  containing  more  than  1%  methanol,  but the

yeast could  grow in the  medium  containing  as  much  as  5%  methanol.  BelQw  these  con-

centrations  a  mean  gencration time  of  5 to 6 hr was  normally  observed.  (Fig. 5).

    Growth factors Vitamin requlrements  were  investigated. The  results  are  shown

in Table 6. Biotin qnd thiamine-HCI  were  eflective  fbr the growth of  the yeast, but were

not  Qbserved  to be the esscntial  growth  factors. (Fig. 6). Rather  they were  determined
to  be the  growth stimulative  factors. The  influence of  the  addition  of  other  substances  ori

the growth rate  in a  methanol  medium  was  also  examined.  Many  compounds  suitable  for

O.4

Do.XE

 b.2no..o

o20
 50  40

   feMperature 
"c

Fig.4. Effbct of  temperature  on  growth  of  T.

   metilanesorbosa  KY  12001.

   A  temperature  gradient incubator model-TN-3
   was  used.  Ten  ml  of  medium  A  in tube  with

   silicon  foam rubber  stQpper,  50 rpm,  tempera-

   ture  21 to  46eC, and  2 days culture.
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Fig. 5. Methanol concentratien  and  growth  rate

   of  7: methanoserbesa  KY  12001, Growth  curves

   in 51jar fermenter with  methanol  concentra-

   tion of  1%  (A), 2%  (B) and  4%  (C) are

   shown,

    
-O-

 growth,

    -- --e- - methanol  concentration.

   Methanol was  added  at  intervals of  24 hr,

   pH  5.5, 30eC  600 ppm,  1 vvm.

single-cell  protein production  were  tested  at  a  concentration  of  O.1%. Effective growth
was  observed  on  the  addition  of  corn  steep  liquer,

    Growth on  other  s"bstrates  Many  compounds  were  examined  as  sole  sources  of  carbon

and  energy  at  a  c6ncentration  ofO.1%.  Table  3 shows  the  results  ofcultivation  for 3 days
in shaking  test tubes.  Satisfactory growth  was  observed  on  methanol,  ethanol,  glycerol,

glucose, L-arabinose,  D-mannose,  D-galactose,  L-rhamnose,  D-fructose  and  L-sorbose.  No

growth was  found in the presenee of  propanol, butanol, alcoholamine,  or  formaldehyde.
Neither was  growth observed  when  the yeast was  incubated  in liquid or  solid  media  without

a  carbon  source  other  than  that  contained  in an  atmosphere  of  methane-air  (1:1 v,  v).

    iSPecij7c grewth rate  Using  the  medium  B, modified  to contain  about  1%  of

methanol,  maintained  by  micropump  feeding, and  with  O.2%  of  corn  steep  liquor, culture
experiments  were  performed in a  5tjar  fermentet at  a  temperature  of  300C  and  a  pH
of  5.5 maintained  with  aqueous  ammenia.  Methanol in the  medium  and  eMuent  methanol

gas recovered  in a  cooling  chamber  were  determined by the  methed  using  chromotrophic

acid.  The  ceurse  of  the  fermentation is shown  in Fig. 7. The  maximum  specific  growth
rate  and  the  mass  doubling time  were  determined O.092hrLi and  4.0hr respeetively.

Seventeen g per l of  biomass was  obtained  after  47 hr of  fermentation.

    Composition  of  methanol-grown  cells  of  T. methanosorbosa  KY  12001

The  cells  grown  on  methanol  had a  pitrogen  content  of  7.6 to 9.18%.  From  this data the

Table 6.Vitamin  requirement  for growth  of  11 methanescrbosa  KY  12001

Growth  (OD66onm)

Vitamins
Added  te  minimum
mcdium

Removed  from complete
mcdium

38
Incubation time  (hr)
 62 38 62

NoneThiamine-HCI

Riboflavine

Pyridoxine-HCI

Pantothenate

Nicotinic acid

Felic acid

P-Aminobenzoic acid

Biotin

'

O.20O,25O,15O.20O,33O.22O.56e.54O.46O.902,151.621.321.29O.961.57l.752.oe1.90e.761.941231.591.641.651.66O.882.041.902.152.142.112,IO2.122.101.76

Shalting culture  was  carried  out  in a  test tube  with  a  silicon  foarn rubber  stopper.

Medium  A, without  Achromycin, was  used  as the  complete  medium.
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Esoeo

2

          o
           o 4o  so i2oo  4o  so TeQ

                     Cu[ture Tlme Chr)

Fig, 6, Effect ofbiotin  and  thiamine-HCI  on  growth  of  71 methanesorbesa
   KY,  12001.

   The  eflbct  efbiotin  <A) and  of  thiamine-HCI  (B) were  examined  by
   the  addition  of  the  vitamins  to the  basal mediurn.  Basal medium:

   methanol  1%,  NH4Cl  O.496, KH2P04  O.1%,  K2HP04  O･1%,

   MgS04'7H20  O.05%,  CSL  ash  10mgll.

    {-  : biotin O, thiamine-HCr  O ptglt

    O-  : biotin O, thiamine-HCI  400 pg,t

    --  t biotin O.1 to 10, thlamine-HCI  40e ptgtt

    
-A-

 : biotin 10, thiamine-HCI  10 pagll
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 : biotin 10, thiamineHCI  20 to 400 "glt
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Fig.7. Grewth course  of  7: methaneserbosa  KY

   12001 in methanol  medium.

   Methanol  was  fbd in 5 ljar fermenter by micro-

   pump.  300C, 600 rpm,  1vvm, pH  maintained

   at  5.5 with  28%  aqueous  ammonia,  inoculum

   size  10%.

    
-O-

 : dry cell  weight,

    
-e-

 : methanol  concentration,

    ----
 : ml ofadded  methanol.

crudewereprotein  was  estimated  to be
assayed  to  be 2.82 to 3.36%47.4andto

 57.1%.  Nucleic
O.2%  respectively.acid

 and  glutathione contents

Discussion

    Recently methanol  has drawn  interest as  an  economically  attractive  raw  material  for
industrial fermentations. Many  methanol  assimilating  rnicroorganisms  have  been reported,
but the  excellent  methanol-utilizers  have been restrieted  to gram-negative  bacteria. The
high incidence of bacteria capable  of  utilizing  methanol  appears  to be the  result  of  the
techniques  used  fbr enrichment  and  isolation. For this reason,  in the  present study,  the
isolation was  carried  out  using  a  medium  oflow  pH  supplemented  with  tetracycline, The
low pH  and  the  addition  oftetracycline  provided preferential selection  ofyeasts  over  bacteria.
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The  protein and  nucleic  acid  contents  of  71)rulopsis methanosorbosa  KY  12001  arc  considered

to be superior  to those  of  the  yeasts reported  by many  other  authors.2'8>  Cell composition

is of  prime concern  in the  production of  single-cell  protein. In particular, high protein,
low nucleic  acid,  low carbohydrate  and  low lipid contents  are  desired. A  high cellular

yield per unit  weight  of  substrate  utilized  is most  important, particularly if biomass
production  is desired. But in the  present experiment,  a  carefu1  mass  balance between
methanol  and  cells  was  not  obtained,  7-1 methanosorbosa  KY  12001 is able  to grow in
the medium  containing  5%  methanol,  whereas  methanol  is toxic to other  organisms  at  this

concentration.  Harrington and  Kallioi4) working  with  "Ureudomenas  methanoria,  have reported

thatNADandglutathioneareinvolvedinthemechanismofmethanoloxidation.  However,
in the present study  the  glutathione content  of  71 methanosorbosa  KY  12001 grown  in a

methanol  medium  was  no  greater than  that  ofother  yeasts cultivated  in a  glucose medium.i5)
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