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Microbial  utilisation of petrcleur; h;-drccarbor.s hav<   beer,  studied 

in at  least  four direction:?  in Jaran.     The dirai  cf  thee-  is   the 

production  of  single   cell  prcteis,   the  c,-C'T.d  i:; the.   repl- '.--aient  ef 

the raw matonaia  ids  i\ rr^ntat ion by hydrocarbon er  ih<   s...   .ndsry 

products  derived frr-a pet rt l'.'U,   the  third is  the predas'ion    f 

useful   ¿uestanca;  charaotonsd is   is. hydrocarbon fur-Ant-1:;   a,   and 

the fourth  is  the  c. laucal  codifient ion of potrolcur. hydn carrons 

by rncanc cf the  exila* îv*.   activity ': îcr-jorgamsss 

Recently,   scir.e     f techniques  established initially  "n the lab- 

oratory scale  have   b .-en  developed <-n the  netia-indust. rial   Uvei.     For 

example,  vii*h ;,x-.-4   a!l  protein on a  reasonable  pr-spect,  there   in 

potential  fcr  full   industrial  operation  in near future. 

\J    The v:ews  and opinions expressed in this paper arc-  th^se of the 
authors  and  da  net  necessarily reflect  the views of the secretariat 
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in  coluteti-ri with   ;îu.  berr^nt ~ r ICH prcc^Ce'.» tf      .me   r-ido,   p-.rticui 

glut-nie      <id weich  vr :   fiiMl,   .~ ...bl i.-^vc   i*. .T- - .n,   the   y i/cibilit     ic 

r<.:x.-.c:-.    c  ta.  api. JC ,.,,t     ;  th.   rw      Uri-lo  b;   n-n r-.ffin.    ;-:.v.cv. r, 

thv.  rrau-,1!..; ef  thr. ^ni:Kt  ,..
r.c ncr m -,   cr;:it.'uni,   :-itrullin,     n:l other 

-.. ¿;i,   — ids  frc.:. Ir-lrct. r:cn :, .y,   beoe.e.   persili-  -wing  i-•   tlu   micce 33   in 

•1 ' iiiinj      v-n-ty cf t  eteri .1    ,ui   m.. 

'"hc   production  ..; v.urrs  ruca     r  yluceö,, 

pclys-cGh'.r¿d(.s  c.    br.ct ;n 
\-u  !•• PC,   r.-niv se  ~n-:. 

d -----   3TC\m   .:i n-p .r- ff 1..  -..=•.  the  se 11  tuire, 
c-rbr:¿ ìveve  r..ccutl,y   .\.;.-ert: \ . i> creerei: •;-Ii, n  > '.1..  h  -trccr.rbon 

;-r..cr.i-lion h-Ve  dur.cnst r   ! . è   : h,   ..curren,   ,f c n,iicr bl.   - .cunt   of 

ylyclipids c!.-T-eteri-io   ir. hvdrcr  rber-utiliziae b.~:t:ri". 

..r,«. n/r th.   erg nie  Tib'  producible   frc.    hydre -.rben by ..•icrcr-rgr.nisr.D, 

'.K. ...ont   proràrûn,- predu-t  ,..-;•  K   citric    CL\    ïh,   reported yi-.ld is ::crc 

tb-n c-0 s/l   frc... 60 y/l  n   :i-p-rrffin. 

In   -dditi.n,   th..   pre duct ici;  of  v   ;-i.ur    eheenc-lc   such   "e  vit   .ems, 

cccnzyucç,   -rc-Uo  coyunde,   • j.d eth.rs a.,   been  r..Port,d  ir. J-pr.n.     heny 

other exid-tive products <f -.rertic hydroc~rbcn h-.v«.  been dcnonstrrvtcd. 
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Introduction 

With  the improvement  of   t..e microie-utili-iu,.    techniques, .the lernenta- 

tion  process concerning  the   production of various  useful  chemicals has been de- 

veloped  to   mdustrial  -culo,   and further a great deal  of the raw material  has 

been demanded wit::  it.     However,   it   is  now predicted  that   the  supply of more 

sufficient  amount oí'   Ih*  rmw -atonal which uac been so   far obtained from agri- 

cultural   produce become  more  difficult  ir. future  because   the   shortage  of  the 

iood   in  the world  is foreseen v:i.,.   the rapid  increase     in the world population. 

And   again,   together with  the   trouble  that agricultural  product  is not  supplied 

constantly by /ear or  account  cf various  natural   calamities,   an  increasing at- 

tention has been paid  towards   the  replacement  of  the  raw material  of   the  fer- 

mentation by petroleum hydrocarbon which   is estimated   to be  semi-exhaustively 

contained  in the earth» 

Considering the  possible   origin of petroleum o:.  the  basis  oí'   the  scienti- 

fic  evidences,  it is  lihely  that organic matter such a~  proto-petroleurr; had  al- 

ready  ex in ted upo.;   the   earth, before  the  living systems v;ere  generated.     On  the 

other  ha:id,   the présent  »volvtijr.ary  theory  suggests  ur.   that   t:,e most ancient 

living  organisms might b-   the  microbes capable  of growing upon  the  organic 

matter which had a] -eady been  formed on  ti.e  earth.     Therefore,   the microbes 

and   petrol-um could  probably  h cv<=>   acted  on     each  otuor  since   th,;.t period. 

The   discovery that a nu.mbf.-r  of microorganisms  oapacle  of utilizing hydrocar- 

bon as   the  sole source   of carbon are distributed widely  in  the  soil   is quite 

reasonable  if the above  consideration would te  acceptable. 

The   tendane/ towards   the  n-placcment 01   the  raw material  by petroleum 

hydrocarbon appear.'   tc   be  ai. auv>. rr.e  current when considering from  the evolu- 

tional  view point of  na .     systems,   hut ratner more  extensive possibility 

could  be   expected  m   '.h     attempt,  for   the   production  of  useful  material. 

In   the nrocu.-ss    <:'  conventional   fermentation,   it   in  known   that   the varia- 

tion  öL   tue metabolic   s.ysiem  ar.t    t'uj  pcoduct  occurs wherever diifereut substra- 

te   is   sui'iied  as  carbon  s<   <rot .     Theregort ,   -ore  extensiv   variation  in  the 

replacement uï   l..t  .aw mot-rial  by .gdroearbor:   ie   expeotabl**.      

1'icrobial conversion oí hydrocarbon   to useful  products has been investi- 
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gated   in at  least ïour direction,   in Japan.     !••'•   Ilr-1  °"       
protein „oro efficiently by aydrocarbo,^ ü i ,m, yast. At the „.<• malto,:,! 

conference on «lo coil proto,: i.. 1 .7, .an; develop,., count,, , d.„ns ira- 

tea   that   the   tech.icuos had   bo.,, c , tabi „h, :  o,   tao  sc,i~in.lu. Inai  „ni., 
v ,     •••+..ri il   L-    t'-n    ft-ni-.i-r.tntion  ¡irocenn by second direction is   to replace   t..c  mv. ...tUnal   u. 

,   , •••',    r>i p-virals  vhi<-     in.vr  btcr.  already  ra- pe troleum ii^irocarbon aad   to  prou    ••    i,<-  chuica!., 

nufactured  thrcu,1. the   conventional  :ro«.     —-y,   — acid, such  :.. 

¿lutarne  acid,   threonine,   noverine,   or,iti-.ine,   citrulla  and   -,,,,   01 <,;- 
, • •    i ^    -,/••!      -n  -Í 1'  <i  ' 'O     ^-'iVP      lìt'O,.      O 0 "teil*"" nie  acids   such as citric  and  ^keto ylutaric  acid,   and   , ita,.,i... .^. 

.... ,,       A   i>i,n    iir.-rtion  fon  thentnoy   o.. hydrocarbon  i^rnoiitit- ned by  this  process.    A  Ihn •  diurno- 
«„'i,  o,   t.e basi.  e.   ti-  as,ui:ptto,   tua,   vario,, usefu.   „„tails „araci, r- 

iatii*   i,  t!,   substrato liydrocarbon i,i,,t t,c ..bta.a.d.    Tao  procacità, o.   tatty 
i-    -j        ,•    ^rc     -itv)   Mro'-iatio  compounds  have aclds,  aleoaols, waxes ana  ota. r  lipids,   a., ars,   ai...  uio..,„n 

been repeled.    A „art, 11.,,-tio,   i* „.cerned tut:    tuo ci.cr.xcal „edification 

of U/drooarbo,.,   li. „toh a part coevorsio,, of substrato  i,a:rocarbon by moro- 

bial  oxidation ¡.as ben unnnrtu-.en.     Nanely tìu mv> rsioi.  oT n-paral'i'iii  i..to 

the   corr. spoiiitin.   dic.rboxyüc   adi bv dilertunal  oxidation,   alloyed Hydro- 

carbon.   i..to   ta, corrcspon.il.     alcobal  and   Ketone,  xylene   into   tolta, acia,  and 

cymene   into  cuiiic  acid  hav<    beo.,  f.iovm. 

x       ,i .    +/-.TM-.1-- derived  iifCO'udaril.y 
3esidej   ine ,tCovi-r •. ..UJM .t..»     .      , 

„i,-,! ,,,*-'    ti., rt^pnt  .'Tov.'th of  potro— 
from prtrolouni,  wnich will  ^   ,acr :y  nupcial v.l..,   t..    ri^n 

-    ,,-   -,-.. i-.,'   for  ferr>cntatiü..  rroctrr.n an   ib-  raw nia- 
chfcir.ical   i.nauntry,  have   .a en ap. 1 n      loi 

„i, ,n.,   rrnrn," iblt    from   cthanol   or 
toriala.     For cxarnpK ,   ,. lutale  acia   is  .irteli,   Prouu,Uio 

acetic  acid with food yields. 

,   ., „..-,,,.   ti-      i     ï-   rtvicw  brwfl.y  Jnpnnes.    studien The   purpose  ol    t,nm  corn: nnicatx,,.    L..   ..- 

concernin     the production  of  t,,    chciculs fro, hcorocarbo,  throe;.:   the   fer- 

mentaticu'processes tihich  nave Vet, atWiPte,   i.    t„    above-r tion.-t direotionn. 

1 .      tby-dj^çci£b^^t IUZ.^^ 

aT     ^    ,....      1(,>.t   -, hi icationiA'^    concerning i.mrobial Sine   tutT'".  ar<.  r;,xi;    ' ^^,    -*-..- j •• 
,-n4      i1   ,••   --I   into,.'.,  her,   to  refer  ..xhaun Uvciy   to  re- action  on  nydroc-in..'on,   it   ^    .-.   u.U.... 

! , i     i ,^-,- 1.1 ; •      +• .     i   vi n ti, n t IOJ.  "I ,    ,     -^j,r   ,.       viir   rtc-r+   •!•• ú.'j   obtained alont VJxo       i.- ported   íinuir. .:>.     i-^-  UGL
-    •-1'1- ,    , 

...      r,tnf-r id-e-icnln  '..ni  b<   described the  production of ammo acias,   sut.,ar3 an,   ot.tr ene...i, 

in this paper, 
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It  aas  been rhu:r.i  that   •}>:•  rácrcles  capabl" oí   utilising hydrocarbon in- 

cluí-    net  only bact-riv  but   -Ico   -lolrt   ,   vetinomyoetes and yeast.     Those m- 

crub^p   • j---  ./vu;v.  val-  ¡v   i     *h<   UOI
1
   rcardlenv   of   the  vr-sence  of  hyurccarbon. 

1¡,,; •'•"'''"'     -     :'        '   :u •   "o  • ilfu-ult   ti.   :>!.•       -j:n  •-•icroboi-   capable   of  pro- 

tei.,     '-••i'ul   pneuctr   Per -, p, ¡rev-'-.rkvi" ,     Tu'-     vowth   .;'   h.oc^  microbes   is 

unti: fv¡   cy    ..\     .ce; îy  vc    ;.,.--•<—:•   ::ut: -   ;. t :       :,d   -vvcinc   ;.:  addition   to liydro- 

fV,nio;' ;: '  '•   f': J'l"">>:   •"••r'Urr"  t¡-. i •!•    h; •.;;-)• iv.   pk.vcio;.1   --enditio».:;       The   nost pre- 

f',-'r'-bj'    -"^bo..   :--.'-ar.:--     or   t.,   i r-, row ti.  ic   n-para 1. in.j  ii:  the rf-r./e  or  C„.  - C^ 
3-j) .. 11        20 

•:-"  °'    vu";   '"'" ; •'./'    'i'  ••:'»'boji tav.it   c  ui*  .--alkane   Iü  different  aeeordinr 
-  r;)  .. 

.*cv ..       -ov   I;,L: tance,   ••c:',..! ;•;trains  of Arthrobacter, 

Br vil.'""j_;¿ivi: \ 

Wh>. '-        COiV      .••   *    ; .;, 

lo   ,]-.'-•   ny  :r ; croi v;l   v J >^ i; 

.'. . r'-^cc  yc /rov; proférât.y  on n-paraffin oí'  C-i ^   to C-18, 

:• y   i. 

vpruivrc 

Cv.    e. 

"','    r v 

r;on. 

ui'  I.I; 

i. r 

•v_.    ?"• i<"r   —v..   e:   -.,-iV   to C-14.    A   31..liar  tenden- 

te i no* Hat./  ci^arviro -ici.i.; -wJ   organic;  -xiaa, Aro- 

't'1 •'  e vinouvh?'" '   ;,r^  ^ev-raiiy  lean utilized  bv mi- 

"  ''••  • '»   >l  i.'-^bcr o.   v.vdrocarior.-utilizJa,    bacteria  11.;   also ea- 

O'. 

:       '.:il,V    C; 

'.I'- • -i , cv  cf 

cc1   ic       r-.i. 

.OJ r- 

• 1 c-1 • a r>1 

• 4  1...i, 

i.V.-   -    !. • :  ,    rv     • 

a   .-"hoLc   í arc.   • 

' or   a       .   •    .*" L;"0. 

chava.' '-rie .!<:• 

C'Jic-  a  c:   M i'i •. 

x:-ir   e     acvharidoc as   the   sole source 

v"w!-h  C;.  ••'icohols  3U£rgO£its  aone 

¡j.ydroc^rhonííc     In   this case, 

-arc:v.  o^urcc     Similarly, 

-1   ^ ~   J'• ' ••" '" <• •'   .'.-.ich  eco   • ..r   ir torrneuîat^   m  ¡lydro- 

1     r   :     •-'    '   IV'V.T-.i   to   +hc:.;t,i ,'u:  Par as   it  is   known, 

tl'     r'A: or. ^vbohylr.-'f; .-   cv \T.J1,   r0r   rxaiaple,   or sugar 

-        "Vi.i-lo,    vd   rly, 

''p -'-     -     ;"¡ot  prcf- r,.b'.e  -i^bcv source;-"'.     The 

':-   !r • -"'•:'i-"'!'-'''t LL^ir..,   nact.'iv'a  iu  vupar utilization   could be- 

'i';''   l-   a-,  at     :•-,; 1  tv  ; "Cuunc   supavs j'roin hydrocarbon. 

1 ,> 

c • t   ,..;;  Ì. .'tolioxosc   ,;uc.  as  fruc- 
8Ì 

*,r'°-'ur   !,':a;,J"    •"   •!' ivutvr'v):,-,.   lh.Virp  vicrobo:;   is   t.hat   the  dena^d  of 

"••""  JC1'   —*•'''   ••'•••••.''•'.   1;   . ifi.--r   r viv v.'' '".i  o-.ìieT;w.     I:, an attempt   to  pro- 

":u      ^l   '"   'lu-  --ahr-c-.:   •'  :.     :-vpdro-av'lx.i   through   the   i'er:nentction  process,   the 

;,u,,i--v   ll   i-,--'¡"iri ->-l   -.-:/:    r   J.ovj,.   I,,  fcisidored   i?.    ,.l.f   J-Kiiar,  phase   of mi— 

''rrr"r       :M-    
:X

V  *t,-ccv •-:.!;:,_   prodtcMs  ; rr  uoivv-d  frcm hy'rocarbons  weich 

tí- referred   to as  oxygen .'"  ro!   .criti'jv   v:<y -en.   ,,v   -ocM-bo;    fr..'i:-.. - irta Lion   -01 

/     ccyi.. acuì   i:¡  f'fo  v.ilived   bv  LO:.ìC   ot   then;. 
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fixing; fermentation.    Th-  ulrutionti   ei'i'. < t   of r,   'al   ions  auch  UP   iron, 

copper and  olir ra  roditi   t r.   íxplM.i.i   on   tu    i'Xfii.-   of  t:a-   above   finuinya. 

Of   Lie   phyci "vi   eeuí'.i    U'.a   l'a    L..<'   •,,.i *:.r-   e f   •  a t. ri;,   th-    r or t 

important  fa-tar   i:    ' ,   .•l,-.tr^i   rh  oi'   -al + na.    •:   À tu.-;  b-i^u  0,.'-,   b¡ canee 

tlu r,.i  bacteria ;;r-     r.(;ern": ly  íojru-opt I bK-   to    'rat:    on  ' i,-..r,   pH  an-!  product- 

ivity   ir;  alno   ; 'pr-f'a-.'   an-u r  eau;,     oe.uum. 

further,   d.o   fart   "u .t  th-.,.;•   bac t> ria  .-••u.   tutva  up  tati,   lui    nutricata  oY 

different   nature,   ÍiaophiÜr  carbon  sourer ti   and  hydrophilir  allier  • a trient:;, 

su^gesta   t.i.i.    ¡i'f^;;''i    '.u    tiuia    ap'-"ia]   mechanic, a  ci.arartene : i a   ot'   their cellr« 

It   it;   yenoraliy  ohcerVfw   that   taon,    nnctori-'   Jtcplny   a   ¡: tea ¡'ican t  activity 

of emulsion   formation  ia   th.,   aizeture   of hydre uirba,ai  a:tu  mpu nu;   colutila,  ot' 

other  nutricata.     Fror,   La co   obaerva tiona,   -..'e  aatatae     il.- t   ;l aurfar tau t-i ite» 

substance  should  be   traçait  ou   tuo   surface   ob   Lbeiv  >.> lia   :taa  atfeuptea   to 

characterize   it»     Conta:-;, ,.;< atly,    Ma    isolated  notorial   v: •:-.   mentii' trd   ai;   tra- 
ie / 

halóse  enter   of a  hydrocxy   fatty  acid.—^     The  , .!/• -oli; .ì.u;   piare 1   acue-r   the 

same  category  as   ihe   tr< halast    lipid   ..av>   e. ico  bren   fra. I   u   oti.fr- marchiai 

straina  which  can   t; ti i.un-   n-alnane  aa   the   cole   et acre    a   carbon,   ami   the 

isolated  matonaia   chiaria;,-ed re-..-„rkai Va -1 ir t íy  at;   ta-    aarfae'ant.     i'h>a;e 

fiudih^s  ti ti-eua;tjieii   the   ; onnib-i i t t,v   that   ti • . e   i i, id.    [lay  a  poccibir   rolo 

in   the   atiliaatn.  .   of  hyarorarhaa  'a'   caci. ria.      1,    ad'ttion,   arrumare   of 

sophorose   lipid   in  n-paraffia-utiliäi..'- yearal  vate.   air;c   reported.     Conp   riñon 

oi'  the  oaaraot nr, tica   ai'  hyuraraabia-ut il i a i a,    hac léala  idi,;   t'ao;n    oí'  otntri; 

iü  of  gre. it   iaterert   te   i.uioi'   bao ter j o 1.,- oat   or   btaru • it a t, 

2*       Production oi' ani: o  acid   l'i_or:__n-a.lraua_ 

Owin .   to  -..i. ja.   procrear   '.    ......   . * ra'-a ta t toa   tf; ;.I¡I,^í;  since   tV  direct 

j tooess  of  . a atara a  ari i   ¡tvln-otio:, v:aa   i/•••.'• : tei   i..  Japan,   1—arino  arni   han 

been rotppliod  a:::oo!î.:y   te- vari.) ta   timida.,   ti.»-- donanti   of a;..ino acid bar.  been 

rapidly  inoreatnn     not   raiy  fai-   fon-'   aa>1   ''earl  auppier-eial   but  alao   ¡a-     be  raw 

material  el'  sy: thetia  fibu-ea  tatu   leat..er:u.     Or.   Maua-   ..ara.yro , .at;,   t ht-   re- 

placement  of  t'ae   rav; ;..at-uri£tla   for  feraeatatiaa  by   cheaper  "Ian   -¡ore  a„. utntiy 

supplied r.atei'ials   :.a.    beer, d°Hired,   a..a   inve:;ti?;atefi   for  aaout   cevni .y-ar:; 

in Japan» 



ID/WG.34/54 

Early  ir:  th.,  r.twJv,   tuo  Taxation was   to  find   the  bacteria  having both  thn 

characters which  ore  ea: able   of ^rowm;   on n-alhanc  aea  alno   to convert   it  ef- 

fiei-Uy   to    .lutaoic  nei-   or  o'.h-T  anno  ocide.      Portuale l,y,   a number  ^ï 

microbial   -tran:; IMI. a  -re   .-roJuoibu. van cur,  arano  aoidn   have boon discovered. 
i''u;';i ""t  '••l-   C     i"irr.t  reported   tro   oeauormer   of I.^T.ìY.-   m  ih<-  .-.oil,  which 

W' r"  ;l!i"   Lu  i'r    i;'c"   .-rJ^tcr.i.-   •.,-id:;;,   alü/ane,   xyroome   aai   lanino when kero- 

reae wan   ,c d  ao   i,-...   r •.le  ooaree  , ,   „arbori.    And   tboy!3'   named   them  as Coryne- 

iuE'li'^MTi L/il^Ic^i^ooj •_^ tuw   aao  Ç.   _o>o¡.iiil ..c,     To  :au to   of  tho L  theco microbes 

utilized  wb ; n,  actively,    t:-  ,p;oMa t.v   of   anuo   acido   ¡ roc   oed  war:  not  ouiffi- 

'•lent craouoh   i.o   level op   to   -    further irocr^,     ouboeqnertly,   YH..,ada  and  Tara- 
14 ) 

hardu icol'-t.-d   t;..-   rocana  l>.alor.f,iiv  to  Corynohqctori^rr,   Arthrobaf.fr,   and 

I^cobacteriuni,   r^v^bac ^rioaa,   Micrococcus,   facilina   a od   focarcic.   Ibaudu   ot 

;0wn   "l'-: '    i-'   bac U n ot   . t-a u    looiaiod   by   vhee  ; rodu'o a   re- 

¿arril_l_u»     capable of producía,   vanean ¿mino -ciuo.    .  virad,/   ob -uorooryanisms 

carabi-   of converti,^ la rocano  ,,r,J   n-paraffir  ^ff icuo.tly   Lnto  ^lutano  acid 

and^v -ke torch, torio  acid hco   h,-,-i   loob.Lcd   fro:..   l'a.    aoi!   by   Tvr.aha  et   al.5^   m 

our   J ibor.-t.ory.     There  .err   olaooified  ta  .y-nus  Cory-.i-b.y.ter lu. ,   arthrob. .çtor, 

Irycobae ter inai,   Brev 

a,1 «, iiive   , l:;o   .;r;f 

latively   ]aiTe   -amalo  ff , b  tooie   ae..d   a.   fV    a,i e;r,.  ,0diun,       A1.,OÍ¡l    ll:l   ol- 

these   bacteria  have  bee:,  hnoan   te   e,...»,   tbia, in-,   eocentiaj   icr   the   ..rowth. 

It   if.   of   interest   te   ee...p;U,     y.i;;   ... , . e   , ¡,t    .V:,i(_;      f lioUn  v,j¡u •    ,,.   knQWn  as 

the  è;rowt,  facto-- ob   ,.vf. Çor^a_:bae u rlur ¿,J ,tt.-:,.i,:U0   an   ir.  responsible for 

^iutoiaïc   aiaid   production  fia,,:i  c rbobydrato   aource. 

diu tarn ic   a'oid 
..,",.. 1b) 
ie.iT.aa..  a...   aie  o.|j,^,|(:, y..v,   u,.t,ue:;trr too  ucin^ Corynebacterium 

iyydrocarboclaote,  to   yuld   S  e/2   of „lut^.ic acid  fren, n-paraffin under  the 

subordinai  oonoontr , . 10a of   :hia:in<    far   the   :;rov:th.     T^chi   et  al.1^  stu- 

pii,,   o-    tir, (dieci  01   antibiotico   ca.   t;,..   ..reductio, asir^ Corynobacterium 

ILlriiJihiiuu  icolated   \»>   Uoo.,   hav,     „tco  covo    a.e   aocuraû   tion   .,:   I3  ,,/]   of 

alutaneic   acid   fron 3-,   i:/ì   0y   :.-].. aa tao ...ne   by addl'aon  of  j^ici.Jiu   te   tuo 

i;rOW111^'* 1,U;^     ]i0ih   ^    ;   -hniauoo,   hy   liaitatioa  ca    ti,    eeaaaa.tra tion  of 

growth  faotor eoi   o.v   aidi.ien  of   :,r:iciUin18\   h,v    !,„  d^lopod  as 

oxe. Uent  ,rllc..IlR   for   !..    .roovtio,   d    th1D   a;,inc   acid   by   tao  conventional 

1\ i-n,entation ¡ rooecc   m wìaoh  carboi.ydr.te, WeI,    U;;i,o   :ìG   ,,Kf  raM   ma+erial> 
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luriiv, the  course  of tuo  study  on   XU  optin.al  condition  l'Oi- yliaMaic  ani 

production,   Im^ln  at  -.1,   /}   latv.    indien k-d   Li;n'   the yi. l-i   ad  11   ,-•/I   a..a  -A- 

taHnfid  draai  70  y/i  of  n-pt ra¿..di.í"u;í    without   ; < ¡nu 1 ! ir.  u'rkr  tin    cnr/ruln- 

tior.   O!    0   C?a   )-.    M'   "y!:       t.-.-p    JVDCü'.       Ir      :.:.     bOI'r.    td    V    ( • :j..¿.'u; 1 rod     ihr 

cil'ardivcia   .a.  Ol'   j..-;i   ici    u,   ti-..-   -atar-   a<\Jiu:a  • .:   aa    tana   Mi'    'a-    ara- 

duetioi.  od  rluaa.ir   iculv-v'   ab-ob t- J.7  daa< laa.M   uam    id<    .^nc.-nir. tici  <d' 

., r-oai hiyn. r   tia_  ' ,,  aa/a:,   adi :«     ; -.   ib     Ma, a    -.v-. M - i ¡ <>..,    tí..-  -.l.-o^ol    a... 

fatty  acid   ncrroí;¡-ü!i(ii:i.-   .o    b. .    "• -paa-dim  a:a a    .¡ua<    ;•:..-,  .aauy  MUiaM, 

but   ine   oxidation  <M  n-ini^i-.".!.'.  ;; a,   ;'u, aifiM   a ly   •.!• pac .: -• d . •-,.   apt ~ 

oulfileü   rrr<;   I¡A    raaaia:   ida*    li-i.   i...     ay   r."r : i.• :; .. U-   i:,   nx-vn^.;,    -v.-tu.-»; 

in   ti«  uf-rii.-r   Map  <•<   :v-p—ad da.  :;,- da ,- -, : ; .„...      1.    -id i !;..,,,   H   aaa  K • n  n- 

porMd    diat    d ,    t!u-dvp.,.;     ;M   " M . ! i >a    o,.    Mil.      aoa.aa.,   v:aa      aia.ha.u   dy    Hit- 

addition ca   ;=:. vi1   .JV.OU-I'IJ of  o'- i...-   , •• i.i.     aab^.    •*   -.l/'"'   hnv<    found   U:>- 

eilY^ivon^:-:*   oí'  c/Mun    -r,   a   .i   as   -on   ¡o.,   aad   aloe   naaratod   Mat   tí4.; 

optimi  aar.r<atraaor.  M   p.oapd-  r-a  w  a  at   fr,    r-aa;-  of  (.,,  to  1 .0 y   in  tluc 

procesa. 

I     ,-., y-,     ••!"    ,.,„>'   ;    . (..  i   rorkt:''   va,:; r:. i.i..  ,  hit,.; ir   -aad  pr< • ! a- ' i -a, 

fro.: il-1-'.-addi.i  rad,- ì^Vì-'ìJ^i'cJjS. m'iD_l:.i'H: Vi-''    '   i-ya-.bact.-ri.^: üil-   s';l 1"h 

also r    a va.   Miaata    dor     . aa   a.   it   ...a-,   a-:,   .--..a-:,   i    'i.   '   aa..a-   '«•    •   ''- 

eutimai  cor.Jiti.ur  o"   ¡hv    i..,:   a   aa<a da, t ! aa,    td •    'i... li   ad     bM.i      •   "I  waa 

about  Id   -;/-    a.     a  a:      :   v   --dia   a daaa:   r..ra¡d  ;:•..•;   ay;-ax ina t-1 a  ',0    :/1 ,   fiw- 

1CJ  £•/?   od  ri-nnaadYia -ìiatur     a-d;   ad arra,    yVn  "y   •'""ll',:i; •     L'    *'''' 

otìa-!a    ^dh,    adaMior     Í'  p^aci : ; u.   a-   t!-   ,i?mi"' .diy   -rova::     -ai tur. 

oí'  +ne  a.brv   ..ia-a.;-  u.tf>^   tda    ait:a-l   con-'i l. :..\   o''   t.-ii.-ii.ìin.    O-Mì-    MI    '•»•'»-. 

for  thoir  arovMh  aglina'   Vai   i)ro: •: r::dìly   !.!.••    '"b.   od     .iata.,ia  ...»vi  ar.     "aaU- 

in  thî-  î.rcdii'-'/ioïi ,d noi-    td• :. 70   'Z1 ,   .'i^-r---   '¡a    yr-da   uo,   <d    '. -i:< 'a.i'i- 

curufco  w.-u=  dayr'aaJfaì   •>..'-/   d   ,,/l. d      . aa  ìK-,-..   ohraaM   fi-.-    U,    • xi« r- ir • >, t. 

of  Bt.r.i-pr.-i.-t.u-   .'   anal,   -.lüinf.   tho   ./ir-i''-i-.-/ rt.--r   • q-'i:-..'1   v:i»d.   aoa-     ;:ia'ra-a«a 

capable   od  aoa.2  a.i,,   pa  o:    ' dt-   ..c.-.'iu:.  .-^.or.   taa;i!,y   by  ••.:.,..•..i-   ;-:o¡. M'ü.. 

In  vi.-.;  '•'•   ta,   a   :.:v- aJ i   a   io.,- t   M.     i,M   a-    ì-.O:-.:;J lü-:   ¡.w.t   N-    • r-')f. a. 

of  -jlv.t'i.a;;    ;riH   pro..'--.- tica,  wild    .••.•:,•,   .  :.r,   in:..-i.-'i   1    :• •   "    i'-   '        "';!'   !',!    r   ' 

iJovertholtaiH,    da   *' r   i'u-thov   , rnn-aa.   o'  IM::   d'^'-d   ll   >-"   '•' "":;:' ' r- '   "^  '""" 

bino syr.t«;i.r-.citT.  .1;-   tra-   a , i'M   •..   fro:-. ...iorobiolo...«.- !,   .aoai.^,i-M   - .   b^-rivi- 

neer^n,   via\: poi>ar,. 
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ari ny 

1 a ai   *• u anu U.er 
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j    i l'ii: .    1 C   )c 

1 :.a. 

•¡..l.V 
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•    '    oí-'.:-:.-. ,    (10   tu 
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"•:••••••   -~-  : ataa.ta-      Ir: 
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• toi -'.a ' : -     train „ 

, i-a- ti vi i. y   of 

:    *o   t..rv,..  i., oarbo- 

i : i.      ,aM\" 
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vvou",'   ar 

.ya' strua'aral materials 

vy : bio oí' ^ rcfin,, on loy- 

.-£ t<••!...   Ly váaca 1-ydrocar- 
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bons are  convr-rtc.  into   ju'.rr.    actually,   it  -:-,;  " * •'• r' .-- 

microcrganinnr,   /jrc«.. v,u;. ••jf»^iri""    *v -,l 

Lr •    v.\i~ .  ~r<.cu:'';t<i,/   ¡- -•    '•*-••    '• 

?•')   . ...        .,-. ...... 

::oc:.r U-   pro;:.. v:iu.   --oconcc- 

succiarla 

nayr.cr.O- 

oui tur-.;    ..•; 

li,:..   •.-:'    ' .rsuì -r ~ ••!.. ri: i. 

>f  f];;co^ and   tr<"- 
... '.; ; 

R,c..!.'i;t   ;;..  r-orv  i   u,    ..x ; ra- i iui ;.r   .r ^ufr. .icr.   -»i 

-  „, ,, t »s-.-   •. •  t".    -""ü1'    .-source   el' carreu. « "i — 
r.alonfr by   :;rtt .j , ,-ro....   ....  .. . ... ^-J... 

.   ...    .     . -,., -,-M:,.-   .-.   f-r     rcwi:..   cui tur-   I«-.»   ,0  -  recrecí- 
ther,   thu   ^- i   ^:. ¡-   :'Lii -iJi"   '      "'• 

increase   in   •. .-'.e-   -CL .^  .«i.    — •     -^    -- -•- -J   •    . . 

tely O ¿/l,   corros, o.-. .:.-:   ^ ÓC   -.-.   "0 u of   tot-i   -u-r.-. U::T     f  .".  ,  r   • cucu.   i-  i 

ií:  t¡.(.  cui tur-    . -u; ": ••> 

Of  ir.ter»-:;t   i~- 
.su va*:; v^iv:  n.U-0 proaw.cd   bv  other bacU-ria 

tue   30Ì<    30U1C,   01   i arbor.,     i.oruv.i,   it  wru- 
which ecu; utilizo  n-raraffio as   ti 

explained   tn .t  troaclo;^  -^  derived   fror,  tre hnlos.-   ill vi  wï.irh w ..-   «-rrr^-t 

atonal   celie  ard  ; 1 ."ud  c  po.sibi..   roU   u    t!,     ^Hz.tior. of n-r^af- 

cu; or  - c'uì   ti,»-   ci   eveth- Mr   oï 
on b 

fin by buneruiu.    l'caicillic cicr-if icucti 

thlü   ill-Id   -i':    ^'íi-<- ,U' :i-l.-     i---      —   -•-••;•-<--•       - 
i   i 

precuraorn,    ir-. ..-..-;'      -:-d  *:t't,   't^i.. 

ï:-vnà   tr.:.'   v.rio,.:;  pedye-v i.ivia.!.   • c r^    ¡r..; 

3C) 

t     t¡. 

¡r,,f. i,. 

Wc   i.:/' 

paraffin t.,- 
-. ; • 

i          » 

CC .  ^ t i 1.U'- .-t.' 

:\<-r\':.~ • Fc-r 

ture mediun» ArahiüCn- , "-.nh 

pentooC v.'i.i'     id'.iitiii;. • 

it was  iV^ri   t;.ru jo:-.ut  ..'ri:.      -   _  

able o!'.ou;.t.;   of ::.:v;••'-'•-*<    -•••   'i-^^'<-v—  --"••'   -' 

that noniorâi;   surf;.ct.-.nt v;as  B\iTrli:-i   '->   .-•• 

Thu   í?tu«i¿-   Oí   ;••.-,.;r-'tr  pre ••   tío:,   fru,:. ..-..r'^-.r 

stnge and   it   c :..  y   ^x,1» '- ^( '-   TO  -• • • - '!-s' 

:..- + r..'.r< i   •;r:ibo";íinr-... x'i.-   i-'or.'-t1-   u- ..   Vu 
¡.'•V.l. 

.n 

,i'....  • ¡r 

.    .   31 ¡ 
r<   r«  ii'u' . 

•    •.   i:   .rtii".    i.    t;.--   •   .ri.V 

.     ny, ,        .f,   r   •   -.    o--.-,  route-   of mcrobi.à  oxid.uu..  oí   hydros .rio,,; 

32-34)    _ i-rar.f. i::   i:',  lirotiy oxi::iz---l   to   f.- t + " •ClíiB   .l:"iG    1C 

-   jr ..   -ox. c.tior 

•t,-t... r  cor.v  r- 

;•':••.-•:      thir 
ted to  lov:er  acxd^   by   th-.   cvtr.o.  f.it:-r o: 

-ibi-,   te tj :  v. v:.ri-:t.y  '.-V  i..t;i—^-i'-    W viewpoint,   it ui-í-ars   to  b<-   r*>—i; 
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ti.io  route.    Actucii¿',   ih-.   : rotlue : ioi. of dioarbcxvìic  acid  such  as pinerin 

:-cid   .rvt  adipi-   acii  ..-.ve   b  •/.  rper\,<:d. 

>.^''; . 

"icctiy  :>p-"-.raff ir.   ;i '.M 

••.:.•.  u-  ::-'i.A    vr=     Abt.    -a..;   !" ìG col le n— 

.-••-  .-   r ir,  ?.-.. a~. '..    -:" .-c,:-v r'ir..- -ffi- 

;-.*<.   3..";:r.   ':.. t   --.]   ¿/1  e:' ci"tr:c and v/r.G 

xì.roah   r...    •'..r'nU'iïicn process using 

.lì.  -it."   ••-.'  ivo:,   io..-;  !."'   Ci   x.j- reo. i urn 

:•"• i'    o;   uiiric     Cì
J

    ic   isocitric   acid 

i¡¡L.     ..'.V--      '.i:j^     ^   •_. -"i C 

.:/du. trial  ¿cai-,   usi:,, 

n rebically  oa  n~para 

i,:iv'       M        Ci 

ri01C^J.i   :XV.    cp   A.   [)ü\*'¿ 

Air.  vixt^i'O  ::.• lalv  ce:: 

Ì'\    •TC.,Ctlu;;    Ci;    A   30!..i- 

t  ;.: Irai:.;-,   Peaicilliv:.   ^rtr.thii.tAllm.--. 

-••-"' m     „';_,_ {   f ; ,     L   - tt y v;r_3   yrrown 

fractions  the 

'CT'.'    t.:..,-.   •:"*')   ,- /'l ava i- 

,2        .-       wl5 

i.-.,    t i  A 5 A cf n-parr.f- 

•i.)   í;/í-;VJ:   aci 

•...i..:-.  lirolitv-A A-   50C4,   iE.a-.tfd  by   the 

'3:. yï     , 
• i> v:< r<:   rerj: octj vely 

7h.   :.cc»;; i ,u¡.:,  af °» ~-< t'Viutr rie    ."i. 

r   . ort ,A  u.ria.    ct.vr   ,    ..-c   aVraia,   ' 

r,- f,r:-,r-r;   ,-TOUr    Oi'   ÁJlí.Or'.tC    "c .    Ltt, 

'•C   -"/'   '..a 4  ="/•   :rnr'   ;í)  •-"/"''•   -'-   ••-]•-* •.::'!;-. -.i   ti.-    «--rl ir.  .u...rcf .     In tías  pro- 

> •"•>•',   *b'   '-•:':'•  tiV'ü .•:    oi'  ::;k-..     io., o.a  *..>   p^oJv.c tior.  oA oréame r.cids 

•; ."   evj-j.' air, i. 

:í   *A.    _ ro.'-.,   tier:  of ^-".to  I-.t-.ric  acia by Ar thro— 

.   "..ar   iacAaUd  '3  .Autari^   aeiu-prcdi.eir y ü+raia  as 

.    by    ¿„^tir:;   p" autcaa .1-Aly   +n 6.5 - 7,r. turirv; the 

A rr- :•.*   tu..,   ::.ur     Ve.:.   ~C   .c/l   ••,<;  >, to  ->.^ I   -;A.   J(    çr/l   n:'  .Jí.VTI.IíC   Acid  Aove 

• ••'"'  ; "c > , •• A   ;."•'.   UC       o:'  n-p-.r- A/ir. rr._^.rur..   u:vA,r   the   cutopti^al ooriCentra^- 

: 1í-í.   'i    ¡..i'-* iú\    ir.   "..,-        . 1   ur     . r.. ,11 u" . 

.     rroductiu:.  j,   vitari..' . ,    CO-.:.Z. 

j  ...:_•/!.... 

.1   . ,r..r ;. ^v   * :''T'.' .:t-;tion  proces¿ec  -jf.   t.v.t ;:.any 

3*.ru'-*Ui,cc  arc   obtainable  more easily 

r.t'.ti3!i ¡.Toductior. of vitamines and  co— 



enz •TOS rr.rvy b«   placed under ti.is  c-iio-rr.y. 

.. • r ? t : 

•    -,        ;        + ...       .-  ^ *•-,;?'•     r'tt U 1 

f   L.Ï   -   ?..C   .'•:,     -:JC!X.,-.a~t.Í!'..; 

Att(.:rpt.-¿  t.- rrc-ur,   t.,c..-.û   r-r... 

cnrbor. »V.C   • Í30 b..<?r.  'ctiv- iy  c-\rri< -• 

h'.v.   r-;ycrT.:,i   th.:   ' -'"ur/ui-tior.  :-:'   ::? 

belebti:v_.  to fi^iy.    HG:J^O:^I... 

tier, of n-t.:.r:.rí'i: 

xirun yivli r.rxe.eri ••TT-i,í!::' 

the   irou .cuor, ex   riboiT vu.  i 

on  the rredix concini,   :v:.i:or.iur. tipi»on;,h;-.t-- ,   .-e;..a:- 

fin and Tv?oer. cü.    Th-    .--io'-^w.:; •-.. proxiu  t- iy  ^ r.fj/1, 

uxtrr.ee liul-erly -. courra .>.ú. 

•i '. 

;•   ir  J.p-.r''^ .     .huruhi  • T   "i«' 

M   ;•    ..;*.  yr.j.i,' 

:•   ti.    •-•   ne., r.tr .- 

4£à . . 

.n:    ¡.v  ^rt,r.otr:f    i :r   ''..;!.I vii 

i  u.;  y-rri- 

¡er ; -.rt 

Vi- ...  vh.ie:.   ir rr... xa: i: -i- r- • ~ ' ícr ir. o 
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