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Japan.     In time Jt will  no   lembi   be  completely  superseded by  Lac 

several  H It en;;.! •; v-'   ¡v -ìv.^rt n; ' v--v  .-.r   rc^KT'iUvo j. J n:    :'h.MU;-a] 

pre^edurer,  . :. i <:;, i>:;v • eon    :•   .'e.! oru-ù.      .'*:.' d "..,•;},   V-)iUr 
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?.     Riboflavin 
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riboflavin   .!-;;,  tcen   exf,„r-,,  Ly  v,vlr.WO(J   ,,,  „W;kcy   ( ^} > 

Goodwin   (191/j),   and   uar.:^;:   (IQi.Vpl. 
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capablt   -n"  aca^iafii«   proJ 1¿>;:-..ur.  anrr,,»..:  of  ri t o» \.i„\ * n   in   tní-lr 

CUltU^    me,'i i   üT..      3Mth   i^'-y^J.^-   :<re   fcL:,  ;\    pu t.h: .,'"i,.- .       Iv 

»shty1 •   «a:-   •'ivst,   l:;o' -V-d   ;.»;•   ;<   par';3i^  ->f coi.Ion   «n  the  nudar*. 

It   is  r.^feru* Ml] io ,   bu",  so   far  only  en f.-   cxual   fern,  i.aa been 

recognized. 

Several  cultural   varieties  of  E.   ashby 11   nave  toen 

described   (Schürfer a:id  Guilloud,   39'i6):     yellow,   high  flavtn- 

producing   ctrain?;   a   low  l'Inviti  producing,   •Team  coloren  variant; 

and  whit':'   varleUec  welch proàtx.ed  only   »,racen  of   flavin.     The 

yellow   Vorm  readily  ^,vc  r..oC   to while   variants,   bul   the white 

form was   atado and ell noi   yield ye] "low variants. 

Aohbya   gce;cyp 11,   also  called   Nemo: 1 ecpora   gc>:;r/.ypj 1,   is 

a parasite  of cotton,   coffee,   and other planto.     Unllko K.   aahbyil, 
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three phacea.     In  P. he rirat  -^ -roi-M y  ^.,-r       i ixui   ,    0rouh phase,  glucose  is rapidly 

utilizza  and  •;/;rj ' rf---'   i., r>v>--.-i     «.-   i • py- ''1(-   è" lu*   ocncM-mnani. with a  decrease 
of pH. 

In   11,• 

and   *u<    pH   :•' :f.n.      p ipî..   ,.y. < ,.( 

'Ui^    :fl! ll:ji">  pynivat« is metfibollze. 

!n    «M     f(/  T.     ,;     !   io-., 
*•  ^'  c^llbouni   rloorinvin  OCCUPO 

•'••"'•r.t^y     h<    ccLluiir   iugula to-y 
^ '"> » 1      C V'1 . '   f l      ,     • i    ,,,   , , 1, -, , ,  , , 11     L.. -.   point..      There  is 

,Vi'    "'">"   -^-^l-   ,'. •  s,   (K,T,,; t 

3 

*        ------vity   -jr;u  a   di.:arpcrt ranee 

'•i    C| tt.- •.--»a» „ 

tn   t.Pc   * \,, («•<    .,   f i, , ,   , v. . 

'*" Î l>* j f ! Ji ¥  ' f|     .j ,_-. (•• im   i j .;, * » If,      !-?   ..    rje,j  _ Wj> pr     ^   )|jt      t  ^     t   ^ 

e.-lU:   dutolyze  f,lV1  fre# 

!me  of 
•I  -""¿i^ ' i ...fi   t;-^í** 

Fl*"   '  -       '   ''«'r «i 

" "» i    •   • fr, 

"     * V    «    i., h i • ' ;    .r-i    4 ¡ i      * ,   i t »      i *.       t 

i-' »fipënlecj   by   ;m 
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..I.   • f 

mê 

p- 
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~n-'   i   f'-'»*   certain 
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malt yeast extract agar platee» and  examined  microscopically  to 

detect   the presence  oí' contaminante;.     The medium  is  rich,   the 

cycle  is   long,   and  the ci,lv.iro producer. r:„  antibacterial amentia. 

Contarainat.lor.   is,   therefore,   a more  serious  problem  than in many 

other fermen1 a11 on a. 

It  is alio •^"•es,;ary  to  examine   the cultures  for  con- 

taminanti; al   e a on   stage  of  inoculan development.     Contamination 

can  caus"   serióos   r'-\;io- f Ion  of yield;:.      Ulne e  A.   o;>osypj]   and 

E.   ashhyli   ore  plant, pathogen-;,   all discarded  cultures must  be 

sterilized before  they are allowed   to  enter  the  disposal  nysteme, 

Recovery 

When  the  fermentai;.! on  ia completed,   the final whole 

culture may be dried  to yield a crude product  for animal feed 

supplementation   -r  pj">ces:-r..l   to tflve a   U"")   p;rade  product-.      In 

each  ca'-e   iho  pH   I«   first,   adjusted   fo  ¿i.r,.      Fur-   a   frie<] grafìe 

produc*   the  .iiil'ur    is  "encentro te.!   t..,  about   $0%  of   Its  volume 

by vacuum   ".':.;',nt.i.>i   and  toon dried   In drum dryers.     For  the USP 

crystalline  projuc .   In-  cultore    io  heated   »'or about  one  hour at 

lol'C»   to  solubili:;*-.-  oil   the   ri.buflav.lr  ani   then  centrifog<*d. 

Reco-"»ry  of   y i t min   {'rum  Ho   .-larified   r, r e-" r>   .la   banc!  on   tre 

observation   ci'  Michaelis,   SfiLert,   ónd  fmythu   (I9j6)   that   under 

reducing  ceni*fions   r^oHavln   is   curwrted   -o  a   form whirr«   Is 

sparingly   ooloblo   ir; wo*«r and  easily  prre 1 pi • a f ed   -ut of   solution, 

Using  this principle,   Kineo   (lo^a)  developed a   bacteriological 

i 
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reduction *i»h Strenf'xîO'vua   •**#»^'"*     "     n     «#>     , 

«•ria in o*h-r  pacarvi       TTr   t     •'>*/•*   ,-  --.  „•»    n*   »      •     „ 

fernetta* .,.r   tr,tv     <;   ,.,,..•.-•„     .,,       „ ,,. 
'     •   *'   »---••'     -*••".   --=   :    rr-Mur,  hr»wn   ?.;-lid  ot' 

Ôf»   1"   ;./<   i-*-: ; y.      î,.'-»r   r'Lií...-.   ''"'»4   ; » 
'-''i-   *    J*-   * M.-   reductio or 

•i 
*ï tifi    h#*    f-   f-' •    r. ',••• 

• y    ho   i-e or chemical 
reducir.-.' H*-e .•.•      *n •],•]'•-   -o . », ...  ,1.,    « 

' '-  ' 0,i1  : ru  ;''-ä''ta   Uydrof.ulphite), 
• Urtv.^ ci,],--.,-,   ar, {  ,..ir _.,, un i;|il.:..,lde> 

VhC '^^ l-^''-?•'•*>•    nay then h« oxidized to crystalline 

Jl l-'1''- lJ--4')» the precipitate Is 

dl *Folvs.i   ?n  r   ho*   r>  •, r     •-.,-.-»> <       ,   _ %, r 
ftquoouü   1.3«.propyl 

W<'1V';,?'''-»    :'"'^h  a c»   bOr   ñüucouí:   1 n. 

-*--'     1,    hi....  CJ  ami  tnc f.rceniGh  filtrale  io 

,*   "-'«-J -ri.       me   ivy.r:*ier.iti*;l   r'bofl i v  n  now p r- e i p i t a te s 

}   the reduced 

ty 

• •    Velli»    ^ rVfi* B i '-• Fri    T K»!   .„,   • i       j        ±.   .. v.y».Hx^.       m  Lie mt whod  of Mûndx uso   ( I958 

riboflavin,   1« .¡':-,Mi„,-r,  1v.  ,. 
"*     -J "tiJ    l-*1   aqu^'UG    Pilo "M ir. .,„    ^    ,  ,    t . i   -u^,  ,., îK...., ..     AI .or  oxidation 

• Ir   il»,   <\\ ifîinl'' * f      »•» - r, f 1 1 , s „    • . 
•   -•---^Jn   _  precJP;ta;,eJ  as  crystals by acidi- 

fication Oí   the alkaline  r-oluti-in. 

fconoilg p 

Th* P.-ice „f riboflavin  i.„ the United  states in i953 

^. $100.00  U.  »liO.OO p„- KS.     Th, y.eJ,1  cr  rlb.n.vln ln 

hm'"Utl"1   P^«"-   r-pnr-Pj  nt   .K,,t    ,hlB   M„„   Ma   ,bout 

-   H.-t  o,   r.t,,.Jj^n   ^ri  the  UfS<   ts |28>û0 

P**r Kg.      Thus,    t ,-.   h*»   .-  .-'..««t 1 • i ,»„   _    . 
"'"*tlLIve ** J  c^wrc:ally feaatble.   tnc 

prCÄ-WI*-    ff* ;Tf,'ïrt» a * *   ,r»   *-,.,,    ,,«ä1,      »     ., 
*     1J Bv   «•-as*» «ore  tnan '4  x 2 *i    1   » 

10 f/1. 
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Total production  (pharmaceutical and feed grade)   in the 

U.S.   in  19t6   (U.f:.   Vn:-lir  Coi:u;:"sTion)   w?f  appcox.'.matel;/   yOO.OOO 

KR. ,   va lue J  rj,t   :-/-. :   - ' ¡ 

riboflavin   !•;•/  f'^r:::r.r:   a; 

>:i.     "';": ree   •?'.vn;):inle;-  ^'lively   rruduc 

jt     '.'.'.-.Tjii^-r': j;¡ 1  rirlver:;:'.  Corporal i M. , 

CraJ?;   P/c-e: -'iri3   0 ?;;^   .ny,   an:1  ireju! Va 1 !• It :¡\\i<:-¿.      RiKjJ'lavir: 

is also preluct:d   ohe.nLcally by Merclt  Sc  Co.,   Inc.   ani  Hoffman 

La Roche. 
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3.     Vitamin B1? 

Vitame»  Blí;,    i- for o..uneo   .•juüiaide,   Is  the most  recently 

identified member o<   ;•      .-,a o-r-3-lub.io  vito-a:!:, B complex.      It  is 

manufactured   emirelv   ty mijy. bla]   :V:T.entn:on.      In view  of  its 

complex   .•.íHí.-u-u-nJ   rtri.etere   (K.VJW   '•!,   l-a^tj ?1),   comercial   production 

by choiLiua^   synther-.is will p.-obably r.ot   oc- uracil -al l'or  many years 

tc come.     'rl:o  vi lam'n B|p  i'ti^enla then   na-; leen discussed   li: 

detall   ir»  re"J.íWf:   by   Ferinar.   U939,   .196?),   Goodwin   (1963),   and 

Mervyn ,wu   ¿Imi th   (i:96't). 

Unlike  other  vitamins appearing  In human  ani  animai 

diets,   vitamin Bl2 1;:  exclusively  a  product of  the  biosynthetie 

activity 0/ niJcrocM'çan-Liîriu;.     fher^.   is  ru; evidence   that   it   is 

elaborai«0  by animals  or higher planto.     Yet  it,  in   essential  for 

the growl.1:  an.:  we"! l-helir,- of many  xilina "'.s.     Anima Ir   receive   their 

supply  oí'  vitamin  B^,,   In one  of  two way:,:   either  from   ingestion 

of fond  of  animal  origin,   or  from  coni/nomai organisms within  the 

an ima i ' s  own  d '. ~¿ e r.. i v e   • ra c: v.. 

Actually,   "ita.-nin By¿  is  not a  single  substanco,   but 

rather a group,  of clámides  which  are closely  related chemically 

(Figure  3).      Tli- fn ojp an a v.eaole   can  supply   th« B,? requirement 

for animal  growth.     K  similar ¡-roup  of cebanrldes,   the pseudo- 

vitamin B1£  f_rroup  or Bx-> analog,   pro.note  ene  growth only of  certain 

microorCa:iJ .-,-•.     Thus,   the   true B12 ochamides alone  are  essential 

for huiaar;  ana  anin;al nutrii,.? or.,   while  the rseudo B10 cobamides 

(or B12 analogs)   are of no nutritional  value. 
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l'ftrlitón (T>59)   ttua  ?valt*ttd  in  datali cllffirent methods 

for n;# fcpSHV ol   v'tj.nîr.  D.p.     lino pn   ouures  ai" eva'luble  for 

use wîth   fer.w.ur ;- -r,  tr- t u ;   microbi -hi ..g lea 1   ar.ray an-1  isotopie 

dllutior , 

Hiatv-rlci1 ij-,   ::ii''T>.-Mol.v.'-fil.   3 3,,ay   have  pLiyecì  a  key 

«»If»  in   tre- dc^-'tloíí f,;,Q   i:-,c i,-,t:cn <>.V  f-tamldor   In  natural 

materia Ir..     The  oH/,'.>,al  j^torjm Lj.un .¿»«-US   C Short),   1047  a,   b) 

aaany *at   l;:\f»i-  -;|:i'<ceu   by  !•'•• lol-v-M lu.:  .IfLL'.ii^^ilLi  (¿t^ec and 

Win Une,   !%i).     :LVVC.î',   rllr.: her   • t./o.-i .r;a vlcün ,-h-.wod   that 

thPci- li:1!;^^^ 1JI   rt ut Oí J"',i   ir.  V'i";,'Lnr;  décret,:   t-  aU   or   the 

cobamidcv,   ri,,)--'   rv.n    . ,      ,-> ' ra:ui.>  -r  í'ñ,-v..r   B   [zV.   fitf.   3). 

Oi'aU iül.T'.orí-áííh.fa;,   Rtudìeù,   the n.oat  r;pociflo growth  response 

was  obtained  v»ltn Qchrvüv.:;^:.;   uni han.o-.f : ;:.      It:;  paii.ern  of 
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Since fill  the cobamido formed during  the  fermentation 

leni'ïe,;   i-!   the ori Is,   the  *Mrct   step   in  thr-  recovery   i«,   of 

nf;cfcüL-l ;,;y ,   t[;o  B€pargti«/\  ..,t ce i if   from  tie  ^.i^ntat '.vn   troth, 

ïtecî.c^iA,   --.p;,,   PI-Q|- ;-.-iit ;,•• !-'-fT>,   an    : i1. l"c'"--J   Ir. .^..i,"*tf   /*>c 

or decli:-.:.. -ó   (n-j..i««jr^^v   •'•   ^-....i^r,   l';^0   '.5  -í  ^.aj,   wnl 

rtrcftf ;iyt'<:t 
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synthesis and resolution,   t\e hulk r.- • •,  w* * i-ui.^ r.„   ufc 4^pt manufactured  l» 
the world   îonav   1 <•   ; .-r  *, 
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acetiJ 

'    *'*J   '*•:;"• ey   (l'X'M. 
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femenf.auor,  w.iil  continue- 

raany ye, y.   tu uomo. 
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Since  the  la1"«  JQSO'B rumpfn,-  «« ?r^ b numeioLB report«  l.nve b«*n public 
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J'"'~- L" i0n  lr'^' uaìu-al materiale of 
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ir  the medium   .o L-glv^-o   or  u, Klve 

product.     with   the  e*c,F,;cu  or  M„.  ... • L,., .     , fi. . 
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i.t^.:£:^j^çu3 2_J¿ljmj_i¿,   idi er 

dn  -iL-L2±ì* "a- ; er-lun- f i Uf -;..•>• eu : "hese  t- 
lden% ipicd   7r»-i.-,i    iv ~..   ,. 

li±lïï±!¥Ker'^  sp-ci-v,,   are ail   ,».-« ,      ,*, ——' 

a;: '.cria, 
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L-fîluiamûu-.     Since ¡.•e.ücj lUn  la known  to inhibit cell wall 

».Vinosi,,   IV  msy w^i r.llfi~   ,.(, p( ra,„!1Ity  Pr.Per-e3  or   i.he ell 

m^at""En"  r'"]   rr--r:-u   ••'-   -xvrt.t.:,..  o:j,;.iu-,.r.r   ,.ito   «he ,,?dlu;1< 

*''"'•*     Vf";'.-     : h' h     <-• •,!>-'• •     ! ,->r       ,')',,,,.    ..   i ,.     i  ,. T    ,     f -,, 

>  >   • '• -1    ! • .-"••.' -   _j    ^>_.    < a •>• )   :•, vr   [ at r> 

thi'   uae  vr'   :j   "( ni, Î a.a ' •'... -       •*  •    »,•   ^'  .   -, 

<)£'*."". t.G.    o.a.,     ">    L   ';%"•>•• r' l-v o •«,- 

RtiTe airi  ^.  ,, IK.VJT. ,;:.     r^r.   i,,,'.;, 

v/ sf(:   JV  * or-   iú¡-.:;•! r aa   •   Maaa    -,, 

Ir-glLt-aïa"'   a--!,!   w.u.   or a a ' ao(;   i,.  H:   .-»nu 

''i ir    *j  > 

•  <-'   r•-•'"'- :•:••  whir;,.  0 ¡.q;rni 

.   ci-' <-'.-  ai.   M ; '.. tü t. 'ai 

*."*'•'*' •'.     *   y" '. 1 I  - f V'!^  p;/l.   of 

'io >/-'•    Ifjit;   hevff 
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^nvcr.tlomii   uni sU-au-s,   i.e..   nugars,   CP   ihn   source  of carton. 
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the   ..fpt|s,,.,l   -o-vr. r.Ta- •   .    o:-   K.,   >¡ 

vari-aí aoi^Merahiy  w; th 
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on  th?«  ha tir   ...1   *»•-'•,.'.*     .;   -L. •< » 
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wj • ^  :-;i ; '  ,!••  *iy jr   •';!••    • .    ,•   y  r-;.."G. 

í-'•      F'r-' •;; t r i   -i    '   »i   ! .   "•'•    I. - • lu' •!'!<*!   <•.     A wat,-r- c JttM 
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'Wie prior vi   nm   iti   the U.S.   haa lecJIned   from $1.7^1 

;n   l<r>l   » ' ¿»   i-:.v* $u.àì  p«?:- p^uri'ì  In  106't.     The  currcr.l  irlo* 

(.July   1'/>•>)   i.-;  JO.V;   f »r  •¡.•'•uoki^acJi;  %r,<I  uiïrM.iy  Uf » -or   for 

sin liti   I-..4 » . 
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$       * 

Irli."       * 

|ff1„   #* 

CHjWr»*. 

%«w *      * 

f •-   "•»<•», 

At   ttw   *,*••.-'•   Mm*",   «i|     uwf  î-l   ' - ********* 1. -.  tf 

* " *   ,.*   % ._* 

*    .   ! ,-        % 

f   • 

/    "  f    . 

•H-      '.f » i : 

(ft««»  T«" >      ,i 

first     •   . f • t 

It»*       •- *-     i" 

é*»*i ^ * y   I- '« 

©b*f»r* r • '»•  îi 'i 

mcîân  Mh * * r«   r.Ir*,    *_•.•'-*!••••.-,    ií/ttí'.-,-'. 

tho«e  it-!,"    wr»   .I'-'i- '-'.,•      I-,-  jr,   • •- : 

*    f- 

* .     1    Í 

f * 

Jrt» 4 . 

,»    »       1. 

- ^     ]| y 

* ,      ' '    "ft   , 

.     r      * 11: 

j-'   f        j  i   «      '    ' "       »f. ì ">   < 

;'o! ; '«»   ,     .. * yi '    |,l ';  <,    ti'   ; 

«    \ * t    *.'• *»» v* i  ,    «If .r * 

' • -f    I  ~    *  r*-i,/ Lr •     *- 

1 •"    9     w'.if.'   » 



Pi**' , -  r ... w t 

?• . fri,«, ä   r   , 

v       -i 1*-*#ïi^'^i,   *i'a».*   #f'Ji havi> b*ati 

of l-t.^m  a~-      • .*   r-.^.   „.., ,Llil ;.»,.>.,   4i.,i#*   lmmmëmû eml% 



•^*#!      - •   ••-*- 

•* 1 ;    Í   • -. • 

Í-, # ' 

f I 

%     H 

I* * * ' i* »f*    ,• It 

r 

>-f" **    *• •    "' '•••-.*;.        r *+    »* *,, r, -i «. f 

;* "«A"! -, * • iff, «    • .        .     » J • #       , 

'   *     *   . ,       ;    "!<*   : f    •»• y' ";r    «|     , 

** a«.  -    »     ir,    i ,   * ••     i      <%r^* , 

I'1   M      1    f*' -'*'     •' ,\>*,    *t ,      . *. "    ,    . !   V 

•  ,  1? - y!» ¡f,     ».*- 

i      #              4             ' r  .«.- *'      s        «         4r,«J 

: '    ' •  -   -, *        • 1     'J'"' 
*    1   *•»      » •,. £ ' V-    '¿.   //  I 



'•. I «# 

n* « 

f «** •      I       . Í I        ' , 

•p.* i 

f     # r » #     * 

** / ,?t • 1   *      «LU y      (»t# 

•*    A- 

/ 

#i»» 901   %r«§ 

î 

• t •-  * 

** f *    U   'if!'.,!  * r>*t   ^ 

Í    »    Í-   » t r-        -   .- ,    - 

Î '-'   y 

I 

i-.r • i • j! 

• »jr* * **f-¡*    f **-« 



fc*f t 

«. ** *   •   r- 

Í (  f    * 

• % 

I        -   ' 

• f - - 

•*•«•••»• • 

Hi *•• 

r.     «    1» 

«        W 

*   f *   .*•     »      •   if     Î   -iy 

i     {»•»•• 

t « 1 

» •.-    '   f . i «1 

fr- ^-i*   .^ --1 

-„or y »•-.-»       » 

(  ./     V 

' « * I      V * ' •      ; 

*     ! 

'ill 

» » - 



A,/' 

*    w*. 

»  < J 

:U   < 

*:1-^  T -ly   Ir 

%      V 

. ..*   ,   n 

in 

w f- 

•', ' "  ,    Ifu! 

I '       ,.       '    •    ;   - 

L  Î.;,    * 

-i •   • '  •   r 

'<••'•   ••'-*   -'•    r' :    • f-*r>  ; /-1    f   < • * ;    i»- ' 

'     » - I.    , 

' -     ' -     '   ' ' Ì     , Ï   I',   •-,    ' f t ' • * -J 

>.J 

-    t     * « ' » r 

t,.» 

r ' i.* -f-\t 

• * Î - *: !  s ¿  » 

r    **•.-•    , r.      - f 

* >- •. i •?.= (•   'r>    -v  .--f*i 

£ * S * tri 

r f    •    i ' t   *      * " * *       t- 

i     ,     i V 

.«V 

-  I 

*Ä      .   I   - ,   f-,e * r» 

-     7 

•*' - 

I   y *- "   Ì Hi    ¡t- 





:¿£ í-.o     .-.i—    *-..» • ' 
Jf 

S-v. '%• •   , -,: 

¿È^ïA- *¿ íf s 
•t -J.J~S^ 

4iaKÑi«á¿ 4â£ËSaèSi 
'%."•    .''***''¥• 



We   regrot   that   some of   the  pages   in  the microfiche 
copy  of   this  report   may   not   be   up   to   the  proper 
legibility  standards,   even   though   the  best   possible 
copy was   used   for  preparing   the  master   fiche. 



- 53 - 

is evaporated in vacuo and the concentrate adjusted to pK 2.0 

with 6 N HCl.     The acidified  concentrate   is concentrated  further, 

if necessary,  and  then  treated  with ethanol   to  allow crystallization 

of L-lysine hydrochloride.     Other procedure?,  using  various  ion 

exchange resins have  been  described  by Gordieuko  et_ al.   (1966). 

Humphrey  (.".063)   has  described  a  novel  process  for 

precipitating L-lysine as  a  complex  with   selected  halogonated 

phenols  in neutral or  slightly basic media.     The  complex  is 

decomposed by acidification with hydrochloric  acid. 

Economics 

In 1957,  when the first L-lysine  fermentation (two-step 

process)  was announced by Chas.   Pfizer & Co.,   Inc.,   the price 

of L-lysine monohydrochlorlde  in  the U.S.   was  about  $10/lb.   ($22/Kg) 

Today  (July  I969)   the   liste-i  price  is $l.')5/ib.   ($4. ?3/Kg). 

L-Lyslne has been produced   by Chas.   Pfizer •% Cu.   and M* rek Sc Co., 

but   the  total volume  has  been quite  smali   ( <^ 3ÜO tons/yr.) 

Actually,   interest   in  the development   of  L-lysine  in 

the U.S.   a«? a  supplement   t-    improve  the  nutritional  quality of 

cereal proteins was greater  ten  years ago   than   it   is today.     Ther« 

was  hope  then  mat  L-lysine  ouuld  be  registered  with  the  Federal 

0 ¡vemisent  ao a  food  additive   for "he fortification of tread. 

Tvîc  hope,   however,   has not  materialized  «mi   Interest   in  the use 

of  L-lysine  In nucían nutrition  hag, declined   -one i dorati/.     It  Is 

still  too expensive  for routine   incorporation   in aniaai  feeds, 
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The situation is,  however,  different in Japan where h- 

lyslne is lively belll(, (fcvelopcd and pro:wteö aE a   siipplanent for 

human fooc's ano anlaal  ree(is.     In  ,a(,tj  Japan , B  ^   ^^ 

ir.anufacturor of  r.-'v-in-i   <>.  t-w,„ . .   -, -   . •   :. -.v.-in...  i,.  the ...orla   too ay.     The   annual production 

(1968) is ai,ou, joco ntïrla   ,c:,Sj   ,8 L.,y;;lnc ^     Ajinra(to ^  and 

Kyowa Fetation Industry Co.   proouo, it by f o untavi „n,  „hilo 

Tanabe Pharmaceutical  Po    pvv,i«r,B   u  , 1  "°-  PAjduc^J8  it.  by chemical  synthesis and 
resolution. 



—   r-c   _ 

Ö.     Other Nutritional Supplements 

Other nutritional supplements which are actually being 

produced  or are  potentially producible  commercially ty micro- 

biological processes   include   the  vitamins,   ß-carotene and ascorbic 

acid,   and  the  essential amino acids,   L-threonine,   L-tryptophan, 

L-isoleue lrie and  L-valine. 

/3-Carotene 

The commercial importance  of /3-carotene rests on itB use 

as a  precursor of bltamin A and as a pigment to add  an  attractive 

color to various  foods,   e.g.,  margarine  and baked goods.     The 

microbial  production  of /#-carotene  has  been reviewed  by Ciegler 

(1905),   Hesselt i ne   (l96l)  and  Hansen  (1967a). 

^3-Carotene   is produced   by  various algae and  fungi, 

particularly by members of the Choanephornceae family of the order 

Phycomyceter..     Thro»:1   species,   Fhycomyces  b Lakesleeat-uS,   Choanephora 

cue urbi ta rum and   Blakesl^a   * r' cp^ra   have   been  investigated  exten- 

sively as  producers  of   /^-carotene.     The   latter two   spec lea  have 

given  results which  offer pr.-m'ce  for eventual cc.mmerolal  exploitation 

The   ¿?-carotene p -oces:   with £.   g urbi ta rum and  B.   trlgpnra 

la unique  In  that   the   full  productive potential of   the  culture Is 

realized  only  if  both   the mating   typ**.'   <   ani  - are present   In tne 

fermenta" ion,     Bamett   et  al.   (V)^'*)   fiist derrrnst ra te 1   trd.s  effect 

wltt  C.   cucurlbltarom,   ¿rv.i   ¿«ter Hassel tine and  Anderson   (1900} 

cení'i raed  tt with B.   trispora.     Another important oceervttlon ni 
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that  ./^-carotene .yield could  be  increased  by the  addition of ß- 

iononc  (Kackinrey tll_ al. ,   i^i').     Although   1.  is   logical to 

:r-'!,mP  ''Kt   /S-i,'"0!:(-  3O:V-í:-  a;:   a   ri vcvwor  o"    ^-carotene,   this 

ic  apparently  no.   i"he c^3   (fec.lnaev ^ y_. ,   193^   Reyes ^ ^ ^ 

19b'0.       /S-lmone appronti;;  íu.,;! !or;; ,n  a   "stx-erin*  factor" 

which  stillate,   ,.:í:   üjTlC».cri,   ^ ,,Uvlty   or   ;.h0  enzy?ne3   involved 

in ^-carotene-   i-onr.r.1-:^   (^Jü0,   196o}.     This  view  iE  consistent 

with  the   fact   thru   rf-iouon*.   ,,D  well  eP *,   ¿,       and  y..methylio- 

nones,  also  stimulate    /J-carolene  synthesis. 

Hesseltlne and Anderccri  (1937,   1956)   studied mating 

strains of  various   ^-carolono  P-odin;ing cultures.     The most 

Productive  cognation  m a   synthetic medium was   found   to consist 

of equal  amounts  of NRRL ¿*56   ( + )  and NRRI,   -h^  (-)  of B.   tri spora. 

Although      pienone wfl3  t,::ie   when  added .lone   to   the   basal medium, 

it  incrwood   ,9-carogne  yield  when added   in ,ombination with 

vegetable   oil   and deterga.   (Triton X-lüO)   (Anderson et_ al.,   1958). 

Maximu:;. efieo-.e  c,na nt ra 11 or: of   /3-jonon*   wai5 940 mg/l. 

U give  368 rW'3.   o:'  ^-car.ten-   (Clever er,  al.,   i959).     Later 

ihe Peoria   erc <P   found  <r,<    ^ - * oncr:e c,uiQ   bf   repla,Gd  by cltrus 

'•'    '   '  1; •"  ^uU»   -dtrut  c-dnsiie.;  and grapefruit 

on,   and   3I..-.M  ray^n• ,]   B.   ; ,:; rjv -»   (c^ln-^al.,   1964). 

*no*her naJwr  ,ï.v, l,p,«cr.t   in   >he   f,„a,,.l,n  waa   th-  discovery 

tKit yields  we.-   h.^'ti-.-a  by  ta^p^rat.ng sulfuric add treated 

¿-•rosene  (Cleg: r.   ^ u. ,   39*3?). 



Choar^phoraceae  species arc character!zeri  by their lack 

oJ' tcJ .•„ iv,rc!'   r-j  l'.^'.'jr^ra.-jou.     a"u Kares musa  bo ma jr. ta: reel by 

parie.'' a   ')*   nr: ';.r  c"id   :••{'•••-.>i"/t   :. '    room   lanr <:ca'. a-e.      Tha   Inoculum 

aad  t •-:r1c»i: a-.íor:  -.v.. ii*   ri;v   aaaally   .LdeatlorJ .      The   jncaailum  is 

ineuia.'.ad   •• v   !a"'a.   ulva,   r-.ara" t.)-:.r.  -¡»id  tar I. *. -.i r. j: ; a   far   two  day;;, 

typical ¡rieaia  citaci opod  by  aha  Peoria  -roup ^.ra  aaava¡  in  Table 6. 

Table  6.     Cora¡j^£j-¿e^ 

Shaka Flasks  Pilot Plant 

Cottonseed embryo ma al ($) 

round whole cara (','.') u 

Vagata; le o:'1   (corn,   soybean,   or 
cottonseed )   [fo) 

Deodoi'iz-d  w.a*arane*   (#) 

Monica le  detergent   (<£) 

Th larri a.     aydrarh lariat   (mg/liter) 

Citrua  r;. o lu sues   (f) 

5.0 4.0 

2.5 2.0 

5.0 3.0 

5.0 3.0 

0.12 -_ 

2.0 0.2 

5.0 

*"Lvo-BaBe"   (Scnneb^rn  Chemical and Refining Corp.,   New York) 
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/S -Ionone (O.ljt')  was added to  chaire flasks at 48 hrs.,  byt  It 

could  be  replaced  by citrus molasses.     Hansen   (1967)   has  etated 

that an  equally ef*'ecti. ve but   less   expensive medium was  10$ 

oiutillers  scici:••!(. :*>,   \%  starch,   '<%   ve^e' ablf: oils and  the  other 

Ingredienti)  Jn Table 6   (P;-:-.^e  5<). 

Clerici' C_L al.   N963)  have  reported pilot plant  opera- 

tions with the medium  In  Tac Lo  6.     Best  result.s were  obtained with 

impeller speej  or  300 rpin with  O.?^   vol.   air per vol.   of medium 

per min.   at P5-30 pel.     At ?2  hvs.   yields  of ^3-carotene approached 

1,000 mg/1. 

Since almost all the pigment produced  resides within  the 

cell,  a  feed  grade  product can  be  recovered  simply by filtering 

the  fermentation broth and drying  the rr.ycelia.     Pure   /3-carotene 

can be prepared  from  the   crude rnyceLia by extracting   it with a 

fat-soluble solvent   such an acetone.     It may he preserved   in an 

oil  solution. 

About 92% of the total pigments produced by the  above 

process  is   /#-carotene  (Ciegler et  al.,   1964).     The cost  of 

production was  est .ima ted  at about $31-35  per Kg at an annual 

volume  of 7b,?00 Kg.     Tnis estiróte   ir. probably highly optimistic. 

Synthetic  ß -carotene  is  no* priced   at $19G/Kg     in the U.S. 

Although  there  has   been considerable   interest among manufacturers, 

the   fcnaeiu.it i on process  has not yet  been  commercialized  in the 

United  States. 



•   M • 

A sc art» i e  Acid 

Ascorbic  ac'd  or vitamin  C  Is  Xwludrd  in  UAa  cent i on 

since  one  -.,f   the key  sirp;   in   it?  :.u-nir. «»e turo   ¡r,v> ivt «•  'Ky 

ox'uat'' .,!-}  of   ---!.:•! t : u,l   ; •  L-pf [•$•>.•;;.'   r-y  an   ' jr ". .;!::•,•'•. .-.     TVSorb'.'.; 

in   caaJ 'y  a-aljutie  .">• ,.i  B-f:\; ur .;u.   ; ^   C-.I.ê  y'j,.-   riyir  ." na   Icn. 

The  atr;i;Lvrcs     "  1 hese  co».p_-uncs     .-•.•  s;,   i\.Ut>vj: 

C1Í0 
I 

HC OH 
I 

HOCH 
I 

HO OH 
I 

HC OH 
Î 
CH20H 

D-Glucose 

Ho 

Catalyst 

CH.C-H 
I 

HCOH 
I 

HOCH 
i 

HC OH 
I 

HC OH 
I 
CHpOH 

P-Sorbi toi 

O, 

Acetubac tei 

CH.OH 
I   ¿ 

C      Û 
I 

HOCH 
I 

HC Ol I 
I 

HOCH 
I 
CHyOH 

L-Sorb'.) se 

L-Sorbose is converted  through a series  of chemical  reactJona 

to  ascorbic  acid. 

In  thic  diceu3s:lon,   we una 11 consider only   the  fermento' 

ti Vf production of   L-corbobe.      The   Acetchac :,crr   spec j ficai ly 

oxirii;:*?   only  a   secondary   hyaivxyl  ;:;roup  adjacent,   fc   an hycrcxyi 

K-.-up  in   the  C]ü p^tiion.     p-Soi'Mvol  oi>v:ieui;ly  ¿at:sfiec   this 

steroochcmlral  cundiiion  wh'.ch  is callea  Îy-M.r.,nd's   rule.     A 

¡•-•presentati ve  procedur"   for   th:íp   i'^iÄntaUori  oüinr;   Acotebncter 

rnboxycl"n^  hno   beer.  dcccr-1 bC'i   by >;<-]('    ~-\   ,-, ;     íTI'.'V      "pai 

The   inoca'JUin nediuru  contained   (ini):      norbUol   10.0, 

¿iucoüe  1.0,   yeast  extract 0.;;.,   and  CaC03 0.31.     The  fermentation 



medium related of 20->,u* sorbitol,   0.# yc-ast  extract (or 0.ÜJÍ 

cm ntc-ep wai-r)  .n-i M,.«33 OaGCK.      It wan vigorously aerete-J  «nd 

Itcble ant J foam. 

and   7u;{: B,;rbU; 

agitated  ;;•   ••'• r-;:*   an i   •(.'V      .v<-•.-»o^...,. •*   »•  .. 

AlmOSt     '|:u:,'.; 'S*"' V'-       •»»!'/<-   • • ' -      .••     v, 

' '    *"  --'*   "1?,:*   ''>*•••"•.,   rr.EpecU-oiy.     !,r^r-sj  or 

the   i'« .'mot i • ai lur, wan   <-*aa*l'-'   •'••'>^..,^t  <   >- •¡«••„r--   •        •• 

wert 

Uf    L-Üürl5r,BC    éJ3    f".î-";ig    ;•  „rH 

mixed w* *, î: a--1.] \h\ e.î  , ,, 

¡IC J J. L.,l , 

ci     ,. uT> '•;i"   "  --pi--   '•••:',   ' he  r r. th wa¿ 

on  dfi-   ''-^' -"ï'-^'i     -jüd   i'iJJere-j.     Tue 

«•l'-ar filtrai   w?.a  contrats _ln   vaou-.;  a-   .-,>.,„y   b0°  to  a  .;yruPl 

from whi.b,   ui:,.n cooi<nü   -,   iSv;.,   cry,U,H  !,eran   -   .eparate. 

•   •"  k • i -   •  -ii'-u,   i,>   ••: entrai ug;,t   -,:rt atif}  v.n:--!.cri  with 

lee  wat,,:..     The ^fher 11 ,u.r was  c,nceRf r:itf,d   tQ &.yfi  ;J  Bocomi 

crup.     To' il  recovery wat;   ab.ut   YO;*'. 

Ascorbic;   yc!d,   ür>.i  hence  L-£»orton^   IK   produced   in  the 

U.S.   by  Hf-ffma::  I^-br-ho.   r.^i -k   * .".,       T-.       ., ^   ^ - ''" »   ,!  -"K   A   '--'• «   I'.vi.,   arid   C'lay.   Pfizer &• 

Co.,   Inc.     Total scorile   3c:d   :,»i.-;?.   , rl   19()r,  ln   Uie UnJ . ed   ;,taU.E 

(U.S.   Tariff Co^hs'.,n)  W;.,r   2.? mlilion Kp.   va • Ue<J bt  $9.4 

million.     Curren'   pr;.-e of gorbie  acid ir,   the  U.S.   iS  *3.25/Kg. 

L-Threonine 

Two approach,,   to  3  L-thrccnine  rermentatJon  have been 

developed     fir,,,   direct produci,,  t.y the use of auxotrophic 

mutants ami  ^.-vrond    cr-n-r^-M -.,-  ,,,••  i   , 

The u1-jwi,Ui!;r;,  or^threonrie  by  DAP   (>^'- 

dlaminoplmellc   acid)   requiring auxolropi.a of  ••*.  £lli was  studied 
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by Huang  (I961).     VN- moat f.reductive  cul ure was  strain  13,070 

which   requhre^l  ou4.h DAP  and   L-m, 1 ¡riunito  for  pi-.wt !..     A:;  migM.   * •••• 

cxr*."..-  ¡,   w,.. y'eja  :./   h-i )tPi, ,m  • ,    w._,..   añ¡ l?!;,:f rl,   ,.,,,,,   .j(,.,   jnmal 

conci-,; r&*. Ì ,n    d'  bv i    JíMT  a,,;   L-m-cf ion ir-   ; n  the  r.<j-j..um.     With 

^.rMU-1   (10    r/1 . }   ör   t at   cart..?:   ^^:\;i ,   . ;rtmV!    level;;   w<   ryj 

ìh>T"   VL-r.Krì.ìji.-UK.   e;rí   ì?) -.:.   !>A;    p-v   i'a>r.     Yieid  « f   1,-t hregnine 

wa;    :  fa/1-    :f» *-: -
;
*ú y T*í3 .   a:   - b'C.     Add;! ti. n     r> coopte*   órenle 

i.r^.'.-i1'alt;,   o.,;-.,    10 ,-/L     b »?<-•'..  i¡u> ia ¡s ./eí-:;   ;>r   LO  *//! .    iuaior..  pUifî 

'; g/1.   corn   bteef.   .liquor,   eis;.a, fed   L-tdve.. :,í:K- jne'd  tu   '4  p / i. 

AMíioi^h  a.   j^v_K_ contK ' v; a   threonine   ra^emaee,   .he accumulated 

prcduft   vine   <'/c u-p Ively  * h<    L  1 forer. 

Furai,ep   Impavem'Vit a   J:    the  pro-'etv  aro   presumably 

feauit lt.     C-r par* :>:\jl-:i-  lao.ereat   w^uid   be   the effect  of  an 

ii'-î'«: t. ! ona 1   aere* ie   ¡leck  ¡otwoer.   L-threonine   and   L-isolcuc ! ne. 

Noi ma 3 ly,   £;« L-'-hr-nii!'  woulj   J nev 1 ! ar !y   be a.-r,ver; cij   to 

h i...>l^uc' nt .     W' th  this  aioeb,   "he  -ulfcre   would   now  require 

Id roì vie .ine  ior grow* »1 and  nene  of the-   LV ¡¡peonine  funded would 

i"' u!varied   ÍVr  eynt  .. a ' •:  of   L-lao < ••••..c 1 • e. 

Receta ly,   Kyov;a   Peroni'a t'ei,   Tadn,;—ry Co,   Ltd.    (I967) 

l-at'-nt.-'d  a   p roe tv.;;   f. 1    L-U.ro -ai ur   amdo^'han   from   0        ^  n- 
1(5-PO 

par-i ffir.a   ty   ¿¿LT!lf:;avlLia;dlí¿ vlJr^^'vf'.:ii?.^3„ (ATCC  19^60). 

/•.  yield   of   Î5.':  £'J .   war-   uüfdn"!   In   .,  v.yr. 

The  second  approach,   r-onvcro.i- n of  L-homooerine  to 

L-threorilne,   1.3 predicated   upon  1 he avallaLd lity of an  economical 

procesas  for  the  prepare ion  oí' L-homooerine.     Tí,;! s   is now Indeed 



the case.     L-Homooerine is accumulated in good yield  by L-threonine 

requiring autotrophs  of Mc.   glutamic >^.  (K Incanita  e-;  al.,   1.OÖ0). 

Su,-n mu:ant,E  ;;i:0 accumulate  L-ty-lrio  in  -.doit Loa  *o  L-boraoserine. 

;-?, ) n--n o\   .'.0,  yea st in  a rnediu::,   contain!.-   ; in  /):      .-.lucuto  10,   l'ht )r 

corcel  o.-.,,   K,:SC\_. • Y'^O G. i,   ^¡rF'C,   0.1,   Ca^Q-,   0.0,   M« tin 

( 30 ^JC/2 . )   and   threonine   nluO-^ed ra¡-/i.)   I^c.   gl w ani..- us  334-CO  147 

accumulated   i 3   to  ÌÓ  ^/I.   L-huniGoei-ine  a nei  y  p/1.   L-iynlne. 

Many processes  foe  tro   L-homoserir,o --^   L-threonine 

conversion  n,o/-   been  d"3~r-ed   (cf.   Downey,    '967).      They  involve 

a  variety oí'  bacterial  eUtures,   e.g.,   specie:;  of Bacillus, 

Xa r:t honora:--,   ?_£.-.eudor^ona^,   Proteus.   Brevitào tenia,   etc.     One 

process   (AjJnumoto,   1967)   utilises  a  mccJum  containing   (in f>): 

^luouao ').o,  (min)?:iGh .:,n, KH-.Fo, o.;;, M^o-vr/) 0.04, caco, 
r;.0,   Fe       and  Mn       7  ppn arid   ce yPean   protein  hydrolysate.     20 Ml 

medium  in 500 ml  shake   ti-okrt:  wore   intubated  at  31 °c.   after 

inoculation   /nth  P,   perjurada.      DL- dome. :. er Ine was added   in 0.5$ 

portions at  0,   ?U,   36,   ana  48 hr.       After V? hrs.   yield  of L- 

thrponine oa:,   7.Q nao/;rd.     Arother proco.,;;   described   ry  Pujita  et  al. 

(1965)   e lainod  a  viold  o:   ^ g/.i.   L-tnrt oriit.e with Xanthomonac 

cltri_ in a  medium  o^.na  oV   (in  £):     gluccce  10.0,    (NK, )oS0, 

2.0,   K^ÍÜO^   O.f,   Mr50,.-7H20 0.03,   CaC03  P.O.   and  L-h  moderine  1.0. 

Processe,-:; of  this  type  are  currently Letra-   used on a 

small  scale,   '"or the c. irrere!al  production of L-threonine   in 

Japan   (Akino,   1969}.     Tocay L-threonlne  io   still  an  expensive 

chemical.     Current price in the  U.S.   ir, |75/KG.     Since  it contains 



two asymmetric centers,  chemical  synthesis will always be rela- 

tively difficult.     I am confident   that as  the  denand grows and 

research or fer.,   le   increased,  more   efficient   fernen tat lor; processor 

will be developed   to brine  the  price down  to a mure practical and 

realistic  .level. 

L-Tryptophan 

The direct accumulation of L-tryptophan in a microbial 

culture  from a  carbohydrate and   inorganic  r.í trocen ha f. yet  to  be 

reported.     All procèdes developed   so  far  Involve conversion of 

a suitable  intomiedlate,   e.g..   indole,   indc-lepyruvio  arid  and 

anthranilie  acid   no L-tryptophan. 

Malin and Westhead   (i960   h-îve described a   strain of 

Claviceps purp err, a whir h produced   L-tryptophan   from   inJole  in 

submerged  culture.     Results  of shako   flask   experiments   indicated 

that  it was der.i racle  lo add   îndule  at  1 ni^/ni   level   In  separate 

doses at   'Hi,   kQ,   arid  7:?  ars.     When   indole was  added  at  the  beginning 

of the  fermentation,  grow, h was  greatly retarded.     Utilization of 

indole  and  L-tryptophan  accumulation  were most  pronounced   between 

pH 5.0 and 6.5.     Using optimal conditions,   1.5 g/i.   L-tryptophan 

was obtained  in  20  1.   ferment ors   in  r)-6 days.     The process haa 

been patented  by Malin   (I96I).     Conversion efficiency  of  indole 

to L-tryptophan was > 6ü#. 

It  is presumed  that indole  is converted to L-tryptophan 

via coupling of  indole and L-serine.     The L-serine required in 
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this ease Is pmémmû In §Itu.     AM«tion of *«••»,* «•« ^«  , 

L-tryptcr^a-; yield.    A wore direct applicatici-,  u* %H • ^ciipUr* 

stationary «*   ":"r*-""     ir  ^  ^.'    ••&  ^   i*- - •      *• - 

Ü f    H .    g O 1 1 » TV. #»    •". 1  * • *      *     » , ~, . . 4 

ßl.vc«r,,l  w»?   *>* , . „,   „   ., 

tryptophan was pry.^p ]   in   lt.-   tr§, 

Aida £líLi-   í^>-.fíi   f,3vf  serfv.r.f-3 Vv -..•..,IP,  r. * 

ability  in  red'jctlvely  sminai*-   3-ln *olet.v«'i-**r   *      »   *.^*     • j  i.uaipy, vcij.-   , ..   L-tryptophan. 

Most of the bacter>'p  tP-^H  •..,,«  • ^ < ,  ,k, ,,, -^..t   __ed  ;^d  tnAÍÍ abìltty;   tr,*  truer nature» 

were species   of SorraMa  and  Hicr^-u«   «'-M^r-i   • „ p.«,   •     ,     . 

and   Aerobaete;,     Wh^r   i-npr.,,.-,^',   / »^        '  -. \         "'»»^   -^-J.el_-y,Aivd..i   (IQ ¡V/mïJ   was   :r;.-ur rr.etf 

with gliif-cse   (3 r/l.)  and  ar.n ,alum CMOM 'e   ;•:•... r  r-    '   'n  r oo „ h*  . 

buffer at  r„ ,.o In  t„e  presence  of restìa, „u,   - M£,   ^eHttW, 

or Hi- IHLÍL-   '-»ut   io* or  the  3ubHtt,ne  c:uld  le   recovered  as 

L-tryptophati   In 1-2 days.     The procesa  nas teen patented   (Asal 

$1 Ü->  196?). 

A potentially more   economical approach   Is  the conversion 

of anthranüic  acid   to ^tryptophan.     Tem,i ¿tai.   {î96.1,   196?) 

found  that   this conversion msy  oe  f-"rPC:PH  .v fi    ^„<e,„    r »'--.j   tc   --auw  w,y a   variety of yeasts, 

e.g.,  Candicia   S  ?6 und H^ne^nul^  ^^h      U^p--  1   «,„.,,„,- —  — •-" •     u*-i!i&  a   nan o enula 

mutar,.,  at pK 6.0,   , ylelo or  3.2 E/] .   .jf L--.¡TptoPhan was obtained 

in 5-7 days in a POO 1.   tank.     Tr.e édition of scrlr.e, glyclne. 

or Indole  to the medium did net  increase  the yield. 
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hardly be overrated.  I believe that these products, If properly 

introduced and promoted, will readily find acceptance by million* 

of other people in developing nations who have not, as yet, been 

exposed to >hem.  The ensuing benefits to the health and well- 

being of these nation« cou'd be immense. 

¿'-Nucleot id e n 

For cen-uries,   the Japanese have used a dried bonito 

product  as a  scanning agent  in  their- diet.    The flavor principle 

in  this material was   Investigated  by Kudama  (1913),   who tentatively 

characterized  It  a&  the h!at1dine Fait of  inocir.lc  acid.     The 

problem wa*   re Invest 'gated   ' n  the   laie   ï90O<s  by Kuninaka   (i960) 

at   U>*  Y%ma:.-a   Shoyu Fraeareh  Laboratories.     He  wqui vocally 

d^natratc-i   u*>   > 1,  acUvf   a^nh   U;   ^  y_ln0£jna,e 0f,  IMp> 

*-i-.   —n^a   _r,.**,j   th« t  •>  -xanthylate   (XMT)   and  5'- 

# ^'.*i;  »iSi   p..:.tei.,   f lav ir enhancing activity.     In 

f«ct.  V.ruanyia^  ls  reported to be  from  3 to 4  tinea more 

rotent   than 5'-inoalna**. 

tu 
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Commercialization of  these discoveries quickly  followed 

(Kuninaka,   i960).     Sodium  salte  of  IMP and OMF were marketed  in 

Japan  in  196I and   lyoo,   respectively.     A', present,   crystalline 

Na(1  IM?-7  J/.-1  R¿0,   Na;,. atfP- - K, :^ an;  a  1:1 mlx+ur-f  of  the   two,   are 

sold   to   food orocer-oro   while  compositions  of  y -nucleotides 

with MSß are narl:«ted  dlrec-.ly  In  .M.su^î-a.      The  acidi lion  of 

small  amoun's  of  o'-ni. .10  :.0 -O -i , ido:/, to MuG la ra :.d to produce 

BynerglcUjc effect roLul :-.u"i[;: in an enhancement of meaty flavor 

which I3 abren* when either corrponert i::. uaed singly.  In 1963, 

the 1:1 mixture of sodium IMP and GMP was introduced to the food 

processing industry In the United Slates. 

Three proceros heve been developed and commercialized 

in Japan for the manuí'aj i.ure of IMP and GMP, 

1- i-£Si^?iiLi£rl'2L!!ii;i-  Since mononucleotides, such 

as AMP, GMP, etc., are monomer!c units cf ribonucleic acid, they 

Should be obtainable by reieeilve hydrolyoiü of RNA.  Unfortunately, 

moot, of + he ribonucleane.; that, were Known hydrolyse the RNA 

molecule at ino 5' -phorphodie.jfer ] lnkap-e 1.0 ^ivc ^(^mono- 

nucleotides which are devoid .,.f riro-or activity.  A screening 

progran, wao, M.eroiVre, err!-i out in search of a microbial 

phosphodiesterase, which wutid spilt RNA at the 3'-phoophodiester 

linkage to yield 5 *-nucleotides. 

The program was eminently successful. Kuninaka et al. 

(1959, I961) reported th* occurrence of such a phosphodiesterase 

in £eniclMJJ£l eìtrlnum and other Pénicillium op.  Later Ogata 
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ll il-   (1963)  described  the same type of enzyme In Streptomyces 

r'rMn?:.     The pho-ph-i!enterase lo  formed during the growth of 

- .    -.T«... .....     ,nt   -.u.wui*«. l.qu.d or ce.: extract  ,   as is,   can 

,-  empiei  directly at    .ne  e tzyne  In  tne  cominero lai  process. 

RNA cat:  te   Lroa.v-.-l   jTo-r, any antral   • r plant  tissue 

»..'.   ine «tat  eonv-r.jenv   nou-e at profit   lo yeost.     After removal 

PMA   fr,m yo,-,   the  .•e.ûdue   is   M.ILI  i:^rux  in animal  feed 
f(n-   Its  protein  an.,    ^tamlr    NJ^ ie>r , 

Attor enzymatic   'lyure^yu: r   ïhe mixture of 5'   adenylic, 

«usnylic,   oytjàyiìc  -ni  uridyl!,-  acida are  separated   ny ion 

meninge  chroma; :/"r;pr y.     Tho  - <   adenylic   acid   (AWP)  can be 

i^imlnateJ  eithor r:.^.ic^Uy  or ,nz^i Ic.lly  ,y  y   rMp.     Thls 

pr« cesr  w?s  eomnorv lg] i -cu   In   1961. 

2-    l^I^'i^HiJirLl^ In this ap- 
pi«*ch  a   3uil;,t/u   intermediate   lo pruduti   by  fermentation and 

then  convex  v^ a  ,er1eo  of chemical  reaction,;  to  the desired 

product,   IMP  or OMP. 

The procese far IMP  is outlined  below: 

Culture M< dluîa 
C Source 
H Source 
SB li S 

Inoaine-?',3' 
acetonide 

B.   cub tili 

adenine 
auxotroph 

Poe:,, 

Inosine 
Acetone 

Acid 

InosIne-P',c  acetonlde 
-5' --ìonophocpr^te 

PH 1.5 

70%   20 min. 
5»-IMP 

Na OH 
Disodlum 5*-IMP 
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Details of cultures and the fermentation conditions for 

the production of inosine are described  In a  series  of papers by 

Aiki  e_t  ají.   (iOo>i,t,c).     Iz  la   'uteres: in,:  to note   that a 

preferred  culture,   t¿cj] Juo   rut ti lis  Strain C-JO  in  a   triple 

auxotroph which   IK defM^-n-    in  hir.t: dine-  and   tyrosine ay  well 

as adenine.     Toe tormentata on uses conventional   Ingredients and 

the  incuba ti Mí,   at  3C°C,   takes  70-90 hrs.     Tne t, .:•;<•   yield 

reported was  7.0 g/1.     No  doubt   actual  production yields  today 

are much  higher.     The proceso was commercialized by AJlnoraoto 

Co.   in 1963. 

The production of GMP  is based  on the use of 5-amino- 

4-imidazoleoarbcxamide  riboside   (AICA-R)  ao the key  intermediate, 

presumably because an efficient  producer of guanoslne  was  not 

developed.      AICA-R   is  acculo! ,—ed  o y  several non-exacting  purine 

auxotrophe  of Bacillus molatori on  1AH  fto,   particularly 

1-   m8gat-'trlHil ?36.     Devils  of  tills  fernen'a ti on have  oeen  dis- 

closed  by Kinosnita  et al.   (1967).     The  chemical conversion  is 

summarized  as   To 11owe: 

AICA-R 
Acetone 

Acid 

AICA-R-21-3> 

acetoni de CH^OCSSNa 

H2°2 NH, 

Guano0ine-2»-3' 

aeetonide 

pon 
1 

Ac id 
NaOH 

Dinodium 

5'-GMP 

The highest yield reported   for tb*  three  day  fermentation was 

12 g/l.   AICA-R.     AJinomoto commercialized  this process   in  I966. 
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3-    ^^USIj^j^tlon.     Technically,  this has proved 

to  be the most difficult  *pPrcS,r. to  realize in practice.     The 

extensive „Hort,   ,0 ,jfevel;)p  çr,ceZ;:ù3  for   ..^ &cc1irTlul^Jon 

o."  V-nuckottdeü  La-e  Deo-  :;uraarlz-;]  ty  Mara  et al.    (1968). 

"wo   tyros  of  aocunuiotlon   '-.s:IT-  f^-«   ,-.0f—r'•>«•!       v.«.,      , *•    l " '   - !-c 'L:t'-''e'J •     rirst,   le  novo 

synthesis  from Odrtohvthv ^-   P»'1  on-« -,-.-      ;.,.  „ .     • o,, J.I„O.«. „_.  c.,4.i «.^.....i^a,   uy au.:::.'.*ir;   and  guanine 

"U''l>"r"l'!|1'"' 0I   L-i>ii-,t^t-  producing-  U-ueria,  where  no precursor 

is  needed.     Example-?  ar-s   ,.o 0:0^:^,101, of TMP)  XKP  and   GMP 

by  auxotr,rhs   of Cor^n^b^v^r^ r^^nicuri (haKayama   ej_ al. , 

1964;   Demain et :ú. ,   196s,   l95ó,.     Second,   salvage  synthesis by 

prototrophic   strado  of M^^^,   Arthroracter,   and Brevibacterlum 

(Nar* îl*±-,   1368}   ir. whi,l.   «he  bulk ,f   the- nucleotide formed  is 

derived   from added  exo^eriou;   Durine   '.^r 

Reported  yields   for   the de  n^ syntheses  for IMP, 

XMF,   and   GMP  are  in   •>.•-   -• . .   .r/.     ^.-icrr.   <...„ 0  r  ¿-    .     -   - {--./-1--   "•"iitíf-   *'--r a 3-D uay  eye Je.     It 

is  not vri0Wn whether  i>et#1 ,_ c,iIV,,r;S   have  bee|, üevoíoried   tQ 

improve   the yields   to 'riore   a'traci-ivo   levóle. 

Published  data   on  the  s^lva^e proci-ye^  are  more 

encouraging.     Of particular   In,ere,-;   i,   rhe progress  made  with 

— s. -....-^  _.J(f.   j.,.,1  ^41 aderii...-   auxotroph derived   from 

n,   ...i,an,. AX   ,.-,,«.      j;  was   :h,uo:i.   initially  that  mutant XY ?208 

accumulated  Ino  tv  a   denoto  pathway.     But   later  studies  of   the 

chemical  oh-,(- •*  occurring   uuring  t,e   ferment.tion  indicate   that, 

•n  ,-ff^t,   hypox.mhlnr was  flrot excreted  and  then converted  to 

iMr   via   the salves pn-hway.     When hyooxanthine was added  IMP 

yi-td war greatly increased   (to > 10 g/1.). 
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Sybsequen-L  ex to   !î.«n,r  iN^ed  i^m%9   4p fj|,%  %ff9 

parent culture 5b.   %;m-n:   .-'.-.•    i•^ 1.0- ••,-,-» 

hypoxa n t h i n :•,   »lenire     ; : *..ir- 

•f.» Ir 

/ff' 

a,, 1 spîi« tet,. 

> > 

respectively   [fora  ^ a_. .   * <*.••). 

with r.  splendi--1  ability   *r       , ,t, 

ribotides".     K-.wce: ,   ?Kl   HT-'  IP' 

to  the co-retp .[iJing   1 : ¿ nostra'* P 

et al.,   JQ68;.     The  rati.-  ,.f  u.o n,.nv,   :lií   f 

could be controlled  by enzyme   Inhibitors a:.c. 

et al.,  19695. 

Kyowa  Fermentation  Industries cowuerclull/ed direct 

fermentation processes  In  1QÓ7      return« rt#*  »K-«-. « K       -c^vo  xu  i^ui.    i«t.aii8 01   their proceis vere 

not disclosed. 

Economics 

»*;/ 1 i t # J 

(7*m*k* 

í 

(Misa»»"» 

The progress in  the production technology of 5»- 

lucleotides is   reflected   In  the price reductio   In  recent  ye.r». 

The price of  the  1:1 mixture   of  sodium  m   an-i   -, li un OTF   wher. 

The price in j.969  .: p   $9.J.0/ir..   'tía A,/). 

5'-Nuclei. lio:;  are     --irv  or.jucei   in   '«pan ty Takeda 

Pharmaceutical,   Ya:aasa  r^yu,   A.ani  -hernial,   AJ l r.-m..-* :•,   ani 

:yowa  Fern.e.n^:.:on   InJ iStry.     Tne  first  <-.e   util-e erotic 

lydrolysiE  _.:- RNA,   and proceri-   f-.v *•«   1 —   * «-   ^v    > »„„ ^     v        - *•   i   •    •• ' •-   i^w-   wW-.j  r.ivr teen 

lescribej e^rll»->-       To "A 1   ' >— ^,^.'-.r   *,-   ^•,£ù 

•ons.     Most Qr  't-y-f*  rnir> if •-* •• *c ~   -»»«   ,~ii i ~.    ......  nucitwL^ie^-  aie  ¿r.lj as mixtures with MSO* 

n which MSG content  varies  from 88 to 955g. 
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