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Technolupy of productian for esch projuct js discussed in
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detail In terms o culture selectlon, JTeomentation process,
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2. Riboflavin

Ribnflavin or vitomin H_oo1u one of the components of

the viater-coluble vitan,, 7 Compoex,  Althoush Inltiaily rmonufac-

tured by cremical ~yaint ., Chlnowas praduatly displaced 1y
micrebial vermenialion o vhie o eacly 19505 But the pendulum
hao now suo.ayg  ne ol Woy Grol ferasnigot toy o ttay crcountering
SLINE compoiinior from now, et ient ohenmical syalleces
Literatuee on (e Pl ooyaseole ard Yot alorien produstisn of
riballavin Das been axione soly reviewed Ly Hickoey ’1@5“),
Goodvin (195), and nuroer (19070),

In the 'ivst comm-re o) procecoar pribot lavics wag a by-

product o the seeLone i anct Feraentut ion by anaerobte naeteria

i
o o s . e et e e e

such as Ctros eiqdtium Pvlioum, Choet ry i acetobutylicoum, and

i R PR, G

related cpecics (Ctive., LGC). The r.borlavie concentratione in
the medla were pow (Leas cnan g /). ard ohe vitamin was
neither ecuvraced por preoversd. Atep rapsug] of trhe solvents

by dlstillation, the mediom was Clllered ond Aried.  The residue
could convatn up to &, GO e clboflavin ner crem dry mztter
(Rodsee ehoal., YOUB) and te sold ag a ribofrlavin concentrate fop
animal leeyo,

Various Candigi cuch us Candida gulllermondia and

Canilda Ulurvcr: wope Investioated as jotentlial organisms for the

Produstlon of rit i lavin, Flavirnogernesic wao cxirenely sensitive

to the preserce of iron 1n the medlun (Tarmer et al., 1945), the

coneentraticn of fron toleruted by €. ﬁUi%&SﬁﬂQﬁﬁia being only
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recognized,
Several cultoural vorietics o (. nshhy:i nave ceen

described (Schorrer and Guiltoud, 1946):  yellow, high flavin-

producing straine; o low rlavin peoclucing, crear colored varlint;

and white varictiec wilch produced only traces of lavin., The

ol

yellow Yorm readily esave roce Lo white varinats, bul the white

form was stanle and 11 neov yleld veliow wariantis.

Ashbya pomvyplil, also called Nemoctocporo gospypil, 1is

LS
———— et e e

i a paraslte of cotton, coffee, and ottier plants. Unlike E. achby!l,
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5. In the rirst v srowilh phasce, glucose is rapidly

ad orivired v, bymimde acld, coneomltan, With a decrease

Lheposon op oonouds i thace, pyruvate js metabollze
and tie pl oY en Finig oy “he 1. i cellbound rivoilavin oecurs
Inothe Tom 0t lavie qoer e v Tear e (ViD), as welr ag come
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BOChan S T FAD oy oo Srveeko i owa gt unt s pelnt.  There 1g
ale vapiid Yoo ce hass not vty ang oa dlrarplararnce

f Q’ti ty
In the “boipd o (1o vha e the ool autclyze =nd free
TiIBof ey T Docwm il e Yorhe ved v, ar About the time o
BE M4 Lo Lo Bontly g omrg 0 N R EER RS R TR cytock come
¥~ NS SN P { PhedoprL i fepo s sot Lomtnal

Fr w5
£ g ¥
¥
Forb 4

. P pEE

PR GEEEEE S TR tLorn Ty oo miparn ced by an

topr L Cewr opeant o0 ¥,

R S R L P T T TR 1., 195%; and
‘w I o= o A o deenst g o toat certalr

E S AR y Pirilate v iro T layyy, produstton
3 “ PR ORI TeS WAl L e rmeg Wl A.ogoreypit.

.
Lt PR AN Lt ferme st agp re followel by

# F e BESNT Ly 8w rone® - 20 oprocejure

S Sami Lo aew Fre e #F€L 0211y and streaked o




Cd%

- 17 -

malt yeast extract agar plates and examined microscopically to
detect the presence o5 contaminantgo,  The mediun 15 rich, the
cycle 1 long, and tie cidvare veoduces no antlibiaeterial apents.
Conizmination 1o, ther~Tore, a more serlous problom than in many
otheir fermentatllions,

Tt Is also neressary to examirne the cultures Tor con-
temlnants atl eacn ctuge of inoculwm development,  Confaminaticn
can cause gerioas redection of ylelde,  Dinee2 AL cosoypll and

E. aghbyli =ve plant pathogens, all discacded cultures murt be

sterllized vefore they are allowed fo enter tne digposal systems,

Re:overy

Whea the fermentation is completed, the final whole
culture may be dried to yleld a crude yrroduct for animal feed
gupplementation ..o procesced Lo plve 2 UT prade product. Tn
each case the pi Is firct adfucted wo L5 For a feed grade
product the culture 1o concentrotel to about 30% of ttg volume
by vacuvurm »viporstia and tnop dried inodrom dryers., Por o the US3P
erystallive product, the culture 15 heated Por about one hour at
1217°C, to colubllice wli the rivofluvir ani then centrifuged.,
Recovery oi vitamin from tte clarifled nre'n 1o besed on tne
obs2rvatior ¢l Michael's, Gerutert, and mythe (1956) that under
reduc ing cenditions rlosfYavin 17 converved o 2 form whicn g

Pied

gparingly «oluble $rn water and caglly procipi-sated Ut of sclution.

1

Using tihis prirclple, Hirnes (194%a) deve —ped o bacteriological
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reduction wi‘h Strentacarous farcal’s, . liquefaclens, ang

M. o a———————-. . . ———

tertain o'rher racterig Mote 27 L2 i riteflavin in E. acshbyil

fermenta,  or o rporr 1y Pl T ta od Lz 0 red 0 Frovwen aelid oot

> SIS JIR arilly. Llaer A N S T Pio reduetior
csn be roopo Tongenle gty e LT3y efirste vy the gee o chemical

. 5 L N e . .
reduling aye o, ‘nil L. SOy ditp o te {byuruaulphite),

it cpude ppe e ey may then he oxidized vo cerystalline
Flbofiavin,  In tne metr oq of Pate (1247), the precpltate 1is
disrolved oo oo folar Sopeen ) ooy un 5077 agueous oopropyl
alcoho),  ho mixtupe Le rilie-cd and tre preenish filtea e is
oxidized by woeation,  The regrnerated riboflavin now procipitateg
a8 yellow crystais.  In the me Lhod of Morebouse (1958) the peduced
PIVOS e ir e Qi unlved 1y aquesus olk21i. 0 Afver oxidation Ly
oir (r» complete, rlooflavin - precipitael a3 crycstals by acidi-

flcation i the talkaline colutton,
Fconomioa

The price or riboflavin tn the United States 1n 1953
was $100.00 ¢ $1:5.00 per Kg. The yleld cr rivollavin in
fermentstion pricese. o repnrfed at atout ‘him *ipe was about
2,500 m3/1. or 0y s/,

Today e price ,r riLofia in nothe U.8. 1g $28.00

pPer Kg. Thus, 1o pe competitlive grod coamerclally feastbtle, tre

present fermantsat ton mua: yield at leoast more than & x 2.5, i.e,,

> 10 2/].
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Total production (pharmaccutical and feed grade) in the

RN eTN! L e et A (Yme g vy en b e v e . . vy B
U.S. in 1605 (g, vreltl Comnlsnlion) wer approximately 300,000

e Y ey SR ‘ .ot K- LAR M) S aTp y T R I v T B N
Keg., valu.d or o L oton, oo companios actively rroduce
riboflavin vy {ermarn 20 s Commercis l o Solvenis CSorporationg,
ey 3y T v et Y e N e PR LA NSy . ™ Y e s . A e TP R
Crairn T.oocecsior Comooiy, and Peemtor Malt Feoducte, Riboflavin

1 also produced chenlozlly by Merex & Co., Trce. and Hoffman

La Roche,




3- Vitamin le’)

Vitam'.. Silg. vtor namea couanide, lsothe most rec«ntly
identified membe i L. sioce=golubee vitoaln B complex., It is
manuliac buraesd err irely by miceo v al Termentaticn.,  In view ol its
complex chemdcal sirieture {(Firupe 2, Face 210, conmmercial productior

by chemlea. cynthecls will probalily not o practl bal for many years

te come.  The vivtamin ko, Jeimentalion nas been discussed in

detzll in reviawe by Ferlmarn (1959, 1367}, Gooduin {15632), and

Mervym and Imith (1904).

Unlike other vitaming apuenring ivn buman and animal,
diets, vitamin Byp 10 exclusively a product of the biosynthetic
activity o." microorganisns.,  There 1w no evidence thet it 1is
elaborated hy cnimals or nigher plants. Yoo it 1~ essential for
the growt’ an well-telngs o many =nima’s. Ar.msle receive thelsr

tupply of vitamin BL? inone of two ways: ellher fron ingestion

of food o' animal origiv, o from commersal organisms withiin the

animal's own digoesolv

o

e e 4
rrazet,

Actually, vitamin B?E 15 notl a single gubstance, but

rather a grog of cocamides whileh are closely related chemilcally
(Flgure 3).  The SI0oup Lo oa wnole can supply the Bl? requlrement
for animal (eowth., A sim'ilar sroup of ccvantdes, the poeudo-

vitamire Byo sroup o B
microorgandcone,  Thuy, the tLrue 512 cobamnides dlons are escentlal

I A & N o~ vy b - . s evie ¢ . P .
for hunman any animal nutreition, while e pseudo B, 5 cobamides
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1s evaporated in vacuo and the concentrate adjusted to pH 2.0
with 6 N HCl. The acidified concentrate it concentrated further,
if necessary, and then ireaied with ethanol to allow crystalllization
of L-lysine hydrochloride. Other prucedures using various lon

1. (1966).

exchange resins have been descrited by Gordionko et
Humphrey ( 06%) has described a novel process ror

precipitating L-lysine as a complex with selecued halogenated

phenols 1in neutral or slightly basilc 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 monchydrochloride In *the U.S. was about $10/1v. ($22/Kg).
Today (July 1969) the llste: price is $1.95/ib. {($4.25/%K¢).
L-Lysine has been rrcduced by Chas. PCflzer % Co. and Mirck & Co.,
but the total volume huc been quite small { <C 300 tons/yr.).
Actually, interest in the development of [-lysine in
the U.S. as & supplement L. Iimprove the nutrition:l quality of
cereal protelns was greater ten ycars ago than it 1s today. There
was hope then 'nat L-lysine could be registered with the Federal
GCwvernmert as a food additive for *he fortifleatton »¢ bread.

I*.is hope, however, hac not mater‘a..zeqd and ir.terect in the use

of L-lysine in numan nutrition nes decline? -~oncideratly. It is
1

8t1ll too expensive for routine incorporaticn in animal feeds,
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The situation 1is, however, different in Japan where L-

lysine 1is actively beinyg developed and prouoted a3 a supplement for

human fools ann ariima

manufactures of r.ly

1 feeds. In fact, Janan ‘s the largest

sine in the vorld tocay, The annual production

(1968) 13 abous 2000 meiris vens, & L-lvolne HCL.  Ajinomoto 0o, and

Kyowa Fermentation Industry Co. proeduce it vy rermentarion, while

Tanabe Pharmaccutical

resolution.

Co. produces 1t by chemical synthesis and



6. Other Nutritional Supplements

Other nutritional supplements which are actually belng
produced or are potentially prciucible commerciclly bty micro-
blological processes include tne vitamins, /9-carohene and ascorbic
actd, and the essenilal amino acids, L-threonine, L-tryptophan,

L-ignleucine and éfvaline.

/3 -Carotene

The commercial importance of /J-carotene rests on 1ts use
as a precursor of bitamin A and as a plgment to add an attractive
color to varlous foods, e.g., margarine and baked goods. The
mlcrobial productiion oi‘/3-carohene las been reviewed by Clegler

(1905), Hesseltine (1061) and Hancen (1967a).

(B—Caroteno te produced by varlous algae and fungi,

partlcularly by members of the Choanephoraceac family of the order

Phycomycetes., Three cpeztes, thysomyces blakesleeanns, Choanephora

cucurbltarum and Blakeslea ‘rlopora have been Investlgated exbten-

A S

slvely ae procucers of Pe-carctene.  The latter two specles rave

given resuits which offer promice for eventual commersial exploitation.

The J-carotenc pocess with €. curbitarum and B. trispora
i - L
18 unique in that tne full prodiative potential of the culture is
realized only {f botr. the matlry Lyper © and - are sresent in Ltne
4 + ¥
fermenta“!lon, Barnet*t et al. {(19%0) fret demrnotraced trts effect

wit: C. cucuribitarum, :nt iater Hesieltine and Anderson (1960)

confirmed iU with B. trispora. Another !mportant oteservation was




that AB-carotene yield could be increased by the addition of ﬂ—
lonone (Mackinre; oGk, W950) . Although 1o 1s logical to

neeame LYot S eiomone selver ar e frocurony o p?r-car;teme, this

e apparontly not the eane (Mue) inuey of al., 19%3; Reyes ot oal.,,
196%). 5 ~Tcnone Lpoare b1y fuanct loms s a "steering: factop"
which s trunilater e synodt oris a4 o tlvity of Lhe enzymes involved
in ﬂ-— arouve: Sormotton (0 jue, 17005, This view ls ¢onsistent
with the fact thut A-ionerna, na well er Xy /; and ¥ -methylio-
nones, also stimclatr fA-carotene syntihenis.

Hesseltine ana Andercon (1957, 1956} studied mating
stralns ol varioue ﬁ—camtrzne producing cultures. The most
productlive combi+ation (n o syninstic medium was fouasd to conalst
of equal awountis of NRRL J456 7 +) and NERT, 5T () of B. trispora.
Although  /P-ioncnie was torie when added Glone Lo the basal medium,

1t incra=ssod ﬂ-cz;:‘o’--’;‘.é yield wien added tn combination with

vegetable oll and ‘deteroon. (Triton X-

-t
C
e

(fnderson et al., 1958).
Paximun eflecitve soncontra.to f /G -1onsn= was 940 mg/1.

te glve 368 mp /1. o7 /Fecaroienn (Clegier 2t al., :1959). La‘er

the Peoria gre.p fourd *rat 6-' oncre conla be replazed by clitrus

voste procunte, Sl ca et e Pult, sttrug o lagscen and grapefrulc

Cil, and spoert myeeliun o b. ‘rlep ra (Ciesier Ztoal., 1964),

Another ma‘or detelopaennt (i Lhe PoriciilsLicn was the o lscovery

that ylelds we o oooegog Py luloiporating sulfuric acid treated

ierosene (Cleg e, o1 g}, 1967 ).




Chozanophioraceae

-l

specles are cnaractoerized by thelr lack

o tolusurer fooraivigerasion,  cultares must Lo moirteired by
periot e oo o oend o e LT roon Loy ceal e, The dnoeuwlum
and L orment s Gon e lls aee ageoally clestlesd. The dnesnilum Ls
Incut o ind an DL g aoreloor and aritailon for two Jayve,
Trpdeal medlia ceveloned Ly the Peoria sroup wre sthown in Tavle 6.

Table 6.

Conmplete 3

cdiam for A-Carotenc Production

Cottonseed Comes

enbryo

Ground corn (00)

I

Vegetarle ofl {corn, s
cottonseed) 7%)

NER!

codoriced wororeneX
€ AV E \

(#)

bvdarochioride

v 4

A v

Nonlonic deterge
Thiomina

Citruc molasces (7)

—— e

Shake Plusks Pllot Plant

-~
79

4.o
2.0

(

oybean, or

3.0
3.0

af
o

)

(mg/liter) 0.2

5.0

*"Leo -Base" (Scnneborn

Themical and Refining Corp., New York)
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/9—Ionone (0.1%) was added to chake flzsks at 48 hrs., but it
could be repiaced by citrusc molagscs, {lanser (1967) has stated
that an equally «ffective but less expenslive medlum was 109
cistillers sclubics, 1% starch, "4 verc'ablce olls and the other
ingredients in Table 6 (Pope 50,

Clegler o ati. (1563) have reported pllot plant opera-
tlons with e medium tn Tacle 6. Best resulis were cbtained with
impeller speed of 300 rpm with 0.74% wvel. alr per vol. of medium
per min, at °5-30 psl. At 72 hvg. ylelds of /3-carotene approached
1,000 mg/1,

Since aimost all the pigment produced resides within the
cell, a feed grade preduct can be recovered simply by filtering
the fermentation broth and drying the mycelia. Pure /3-carotene
can be prepared from the crude myceliz Ly extracting it with &
fat-soluble solvent such as acetone. It may be preserved in an
oil solution.

Abcut 92% of the total pilgments produced by the above
process 1s f3-carotene (Ciegler et al., 1964). The cost of
production was cstimated at absul $31-35 per Ke at an annual
volume of 76,000 K. Tnis ecilirite 1c probably highly optimistic,

Synthetlic A -carcter.e 1s now priced at $190/Ks  In the U.S.

<

Althiourh there has been consicerable intcrest among manufacturers,
the fermentatlon process has not yet been commercialized in the

United States,
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medium conglsted o 20- 707 sorvltol, 0.5¢ yeast extract (or 0.4g
corn nteep wolerd and excens ;”aﬂﬂi, 1t wazr vigorously aereted oid
agltated o' S rot gn, %L Do taderanol Was s cuituble ant i foan,
ALMOst qusntitgt oo ayve ot oAU, Y and CTUT sorbiLe WerE
act:tooean 4y 31%, Yoo, an i

; o S sy [ ST . P
Yisy b pespanct i“??iy. PIropresd O

tive formmenect)on wan caslly Ll Towe 1 Yy e PRIN e Y e amount

A 3 . - « . H ' s 0y ', * = . N s S -
of Lesorvoee an vogn oy o ara e RS R PO Y DR T
u"?( HE A R e nla’  un oo ! 1,1}.' Lo » RS LTI T tfl wa.c

mixed wih aotiveted oo omy gy o Perestd o oand Uit eped, The

clear flitraie was contrate in yacuo aioarout Hi® 4o oa 2yrup,

from which, upon cood iy o1y T, crystols vepan 1« Separate,

fhe crystals vere rollecte Ly centelfupget on and wash o witl,
,

lee wate . The nctter 139905p WaES coneen'rated o give a second
crop.  To'il recovery was about v
Ascoibic actd, and honee L-sortcse, 18 produced in the
U.S. Ly Heffun:: La-lwoche, Mok & Co. . Ineo, and Chas. Prizer &
Co., Inc. Iotai [ coriie scid vales ta 1905 In she Uni ed tateg
(U.3. Tavifr Comntosion) war 2,2 mis1lion Keo vicued ot $9.4
§3.25/Ke.

million., Curren: proce of asocorbic acld in t

w 7.8, 4

]

w

L-Threcnine

Two approazchis Lo o L-threcnine Cermentation have been

develcpei: Piret, dicect rrodustion by the uge of auxotrophic

mutantis anud cecond, conterslon G L-lmcgerlos te Lethreontine,

The wovomug e of L-threcnine by DAP Q)KQU

diaminopimellc acid) requiring auxolrapns of ¥, o 14 vas studled




o

by Huang (1951). The most productive cul ure was strain 13,070
wWhileh required octh DAP and Lemcinlontne for growtl,  Av might o

i

P . . . a I N . 3 « < v
Cxpee e, Y viela o L-threon oo wan depmiviens Vi vhe Intital

e £t 3 N £ e . v, L B .- ¢ .. L bor - I HE

coness vt lon [ S TR SR o8 v Leme hlonnine in the ISR Y] 1 I With

o et (16 +/1. ) we s - : Nt el T eve T e e ry

S u"v‘,! Rl& ﬂ;’_i, ) [ I [SREY S P 1'?1“!, Wb s ot oaam! FOvVe s wope ')’\} |
g « - b yom A H - . . 5 N K y

gt Doo-me i oAt doh ot DAL per L oer, Yie:d of L-lhreonine

Wit S R At T A4 U RO S A O AUz Lo Cotaap e armppanie

.t . T £ Vo Ve - NS < A N e g

HYRER NS SIS 1:«’ I vec moioncen or L0 g0 GUorOio piud

-~
v

LAY

7S corny steep ilguor, onca.ced L-thee inoy

AVihoush 20 o1 contalvs o threonine racemase, Lhe accumulated

product war czzilueively the L

-
-

Furiter (mprovements 00 Lhe proces:. are presumstly

feasli le,  CF par* culsp Interest would Le the ofiect of an

a

atttttonal cenetic vlock between Lothreonine and L-isoleouecine.,

Normally, eome L-“hre onbae wouls dnevitanly be corveried Lo

Fodooderneine . Wilh Lhis vlock, “Fe ~ul*ore aould now require

Potraleneine for growtn aud none of the [-hreonine foraed would

beoalverted for cynt oot OF Ledlioionel e

Recernt ly, Kyows Foomemiat o Tulue ey Co, Lad. (1967)

patentod a proeecs for Lethreonine produc ton from CLU g 0=
pe )

partirins Ly oCorgiel e by e clastnay (ATCC 13560),

e e B e e i i e p— ot i i mreare e . s N

Aoyield of 5.0 g /1 wae oLt rivd dn L riLve

The sccond cpproact, conversioon o L-homoserine to
I-threcnine, 1: predicated upon Lhe avall.u! 11ty of an economical

process for the preparvation of L-homoserine, This 1s now indeed



the case,

requlring au

L-Homoserine is accumulated in gond yleld by L-threonine

obtrophs

of Me. glvramivue (Kinocshlta en al., 1060),
Such mutante 210 acownulnte L-lveine In =duitlen to L-honcserine.
In a medlun contalnins- o ) lucure L0, gﬁﬁ;)iﬁOz .U, yeast
cxiroet O, Mi30 “;O Coly wedO, 001, Fuﬂ 2.0, Tilovin
(30 pe/3.) and “hreontne (400-300 mt/ L) MrL o glutanicus 53G.00 147
accumuluted 12 Lo 15 g/ L. L-numoserine and /1. L-lycine,

‘lany processces tos trg L-romouserin —-> L-thraconlne

conversion i,

1

ala fY i

Dularey, 'S67). They involve

a varlety o bacterial cvliures, e.g., cpecies of Ranillus,
Xar:thomonas, Pesudomonacs, Proteus. RBrevihacteria, cte.  One

,

pPro:ess

{ I

rlucose 5.0

. kR
5.0, Fe” a1
mediun in

fyy
RAY

(Ajinunolo,

o (N )L

3O ml shake

e \ PR . ’a SR - ry A 3 re
106 atllizes o medium contatnlng
i

(ih ‘,J)
(,aCO3
20 M1

Gy 0.0, Mpl0,"71" 0 C.04,
L3

é
H oy o Y eyt Y or S8 Te
L1 Mn ©opposnd scybeen protcin hydrolysate

wore incupnved at 31°0. after

Inoculation wit), Pooperlurids,  Di-Uomoreriine was acded in C.5%
portiuns =uv O, 24, 30, and 44 hr. ~fter V2 hrs, yield of L-
threonine wa: 7.0 mp/ml srother proce.s decceribed vty Fujita et al.
(1965) claim~d a yield o7 & g '}, Lothreoniie with Xanthomonag

cltrl In a medlun conposca of {in %)t gluccse 10, (NH&)QSO“

2.0, K,H:0,

Proceszoe;; oy

small scale

Japan {Akino

chemicul.

~
o

0.5, Mren, 2.0, and L-li mnserine 1,0,

~vpe are curronily be'nr uced on a
Tor Lie ¢ommercial producuion of L-threcnine in

» 1969). ¢ still an expensive

urrcnt pelice

s $75/Kg.

Since 1t contains




two asymmetric centers, chemi:al synthesis will élways be rela-
tively d!fficult, I am confiden tha*t as tae demand grows and
research offcr. 1s increagsed, morse officlent fermentation procegges
will be developed to Yring the price down to a mure precticali and

realisitic level,

L-Tryptophan

The dircct zzccumulation of L-tryptophan in a microblal
culture from a carbohydrale and inorganle nitrogen has yet to be
reported. All procesces developed so far ‘nvoeive conversion of
a sultable intermediate, e.g., Indole, indclepyruvis acid and
anthran!lic aclid ‘o L-tryptophan,.

Mallin and Westhead (1961) have descerlbed a strain of

4

Claviceps purperca which produced L-tryptophan trom indole 1n

submerged culture. Resul*s 5f shake lack expeoriments indicated
that 1t was deciracle to ald indole at 1 mey/ml leve! in neparate
doses at 24, LB, and 7 ars. When indole was added at “he beginning
of the fermentatlon, grow h vas sreatly retarded. Utilization of
indsle and L-tryptophen acounulation were most pronouncsod Letween

pH 5.0 and 6.5. Usling optimal conditiong, 1.5 g¢/1. L-*ryplophan

Y S

was obtalined in 20 1. fermentors in 5-6 days. The process has
been patented by Malin (L1961). Conversicn efflclency of indole
to L-tryptophan was > 604,

It 1s presumed that indole is ccnverted to L-tryptophan

via coupling of indole and L-serine. The L-serlne required in




T

this case 15 produced In situ. Addition of serine 414 not lacrease
L-tvyptephas yield., A mope direct applicatior o th s ecupling

Fon g ey —_ . . s
Nas beer Joveloped by ¥iv, CRAOD) L Tndcle and cerine we. e Incuta e

ai’zéi,IEr‘a;’j at TP in oy et e g lruee of rYE ot anieaa mutoant
Of Z. coll. The Alsient NN AT ity war o basryet when
fFlveer. .l waz “re | qepon FoLTCe Urile, Loe SroWtl phase From
6 S Indels arg 1 0 Dh-eeg o v 1 culture, 10 . L=

b

“ryptophan was pro e in 1o frs,

Aida ¢t &1,

v

(196 nave sepooned mt STparoms fop
abilivy “o reductiveiy amirate J-iniolepyrivate ¢ L-tryprtophan,

Most of the bac‘erts tezred rHad trn

1s ablilly; tre trtterp cultures

Were specles of serratia and Miﬁ?wﬁﬁﬁfyﬁ)?sllﬁwfd ty Flavoracrerium

——— s o

and Aerobacte., Wrer ‘ndolepyruvate (10 mz, MY was oy

RAR €33
W it el s

With glucose (3 ¢/1.) and arin ntun Shlerite (O g, L) in froaphace

Tos x|}

buffer at rH &.0 i1 the preserze o pesting <ells »© Me. lysodelkticus

or Me. luteur =yt 9% of tho Custirate ciuld bte pecovered as
UL A AT

L-tryptophan 'n 1-2 days. The process ras teen patented [Asatl

1., 1967).

———

et
A potentlially niore economica! apprcach is the conversion

of anthran!:@ic acid to L-tryptophan. Teru! ot aj. 11961, 1962

found that this COLVErsion maoy ve «:facied Yy a sariety of yeasts,

e

s 1

€.8., Candide S 26 und Hancenula aomala, U

Ing a Han.enula
=2nwcnula
mutane, at pH 6.0, « yiels of 3.0 £/l of L-tryptophan was obtained

in 5-7 days in a 200 1. tank. The ¢ddition of serine, glycine,

or indole to the medium dild not Increase the yielg
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hardly be overrated. I believe that these products, if properly
introduced and promoted, will readily find acceptance by millions
of other reople in developing naticns who have 1not, as yet, been
exposed tc them. The tnsuing beneflits to the health and well-

belny of trese natlons could be limmense,

5'-Nucleotides

For ceniurles, the Japanese have used a dried bonito
product as a seas.ninc agent In thelir dlet, The flavor principle
In this material was Investigated by Kodama (1913), who tentatively
charactev.zed it as the hig*tdine salt of 1noglirle acld, The
probliem was reinvest'gated 'n tre late 1990's by Kunlinaka (1960)
8t the Yumava Shoyu Research Latoratories. He unequivocully
dem. o n=tratcd (L3t ‘he getive agen® s the Y'iinssinate or IMP.
Purthermore, Koilnaka orh wer Lthat 5" -xanthylate (XMI') and H'-
vuanylate (GMP,IT) alsc poreess flavsr enhancing activity. 1In
fac*, S'-puanylate ig reported to bte from 3 to 4 times more

potent than 5'-lnos rete,
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Commerclalization of these discoveriecs quicikly followed
(Kuninaka, 1960).  Sodinm salte of IMP and GNP were marketed in
Japan In 1961 and 1960, respectively, A precent, crystalline
Na , iMP-7 V/0OHL0, T%ay GMPUHLD ot a il mixture of the two, are
sold Lo Peod vrocercors while compositione of Hl-nueleotides
with MSG ore noriroted di-ecrly Lo o onswacis.  The sddivion of
small amoun's of H'enuciestides Yo MLO 1o ratd to produze a
synerglsuvic effect recul ung in an enbuncemeni of meaty ftavor
which 1s aboent when eitreop corponert in used cingly. In 1963,
the 1:1 mixuvure of sodlum INP und UMP was introduced to the food
processing Irndusctry in the Tnited States,

Three procecses hz=ve been developed and commexrcialized
In Japan for the manufaciure of IMP and GMP.

1. Degradalion of PNA.  Since moronucleotider, such

as AMP, GMD, ctc., are munomeric unlis of pibonucle e acld, they
should be cbtaliabie by relective hydrolysis of RMA, O.fortunately,
most of ‘he rivorucleases thal were knewn hydrolyze tre RNA
molecule &< (ne 5'-phocphodies ey Tlukage to give 20(3" Ymono-
nucleotides whizh ave devoid of flrnoap artiviny., A screenlng
program was, ‘lepefore, carriod out in seareh of a microblal
Phosvhodlesorace, whilohn wolid split RNAL a2t the 3'-phousphodiester
linkage to yle:ld 5'-quclectides,

The pro ram was eminently suscessful. Kunlnaka et al,

1959, 1961) rerorted the ccourrerce of such a vhosphodiestera
¥

L

e

in Penictliltun cttrinum and oiher Penlcliliumn cp.  Later Ogata

R
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rtoal, (1963) described the same type of enzyme in Streptomyces

rtreins.  The phouphralonterase 1s formed during the growth of

e organton, The culiure 1iauid o ce. !l ectract » as is, can

-

ceoemploged dlrec ly ar ouhe oazyie tn tne comeercial procecss.

KNA car Lo Looii,ed froa any anmil r plant tissue

Loos Lhe moat convernien' aour-e gt prosent 1s yesst, After removal
PNA Tram yesit. the pesldue s still vseful In animal feed
for Lte protein an. Ttamit o Lo

After encsyma' 1. nyarelyols the mirture of St adenylic,
puanyllic, cytidyite oni uridylls acids are separated Ly ion
tronange chromaooorspry, The O adeny!ic acld
leamlinar el eithep cremlenlly or enzymalicully 1o 5! IMP. This

process wag commerclalireg in 1961,

2. Femacation ard Slemion) - yr'resis. In this ap-

proach 2 sullools intemediane to preduced by vermentation and
then converte s vis a sertey of chemlcal reaction: to the desired

product, TMP or (MP.

The prccess for IMP is ocutlined below:

Tulture Mo 3iun

das

C Source B. sub- 1l
N Source — Inosine
Salts adenine Ac1d

auxitroph

e

L2

Acetone

Inoslne-2', 1 > Incsine-2' ¢ acetonide
acelonlide POC:. -5'-moncphucprase

<
o

pPH 1.5 NaOH
5'-IMP —— Disodium 5'-IMP

_-ﬁ‘“——«b
70°, 20 min.
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Detalils of cultures and the fermentation conditions for
the production ol inosine are descrived ln a series of parers by

Alki et al. ‘19t b,e). Iv is ‘uterest ing to nobo tha

‘

‘V a

prefecrrcld ~ulture, aoilius cudtilic Surain C-30 1o a triple

awotroph whilch s de  I1on in qistdine and tyrosine as well i
as adenline, The fermentnt.on uces convent fonal Irgredients and
the incurzticn, at 30°C., takeo T0-00 hrn. The Lot yield

reported was 7.0 g/1. N- doubt aztual vrotuction ylelds today

|
|
are much higner, The process wag commercialized by Ajinomoto g
1
|
Co. 1in 1963,
The production of GMP 1is basecd on the use of 5-amino-
. o |
b-imidazolecarbcxamide riboside (AICA-R) as the key intermediate |
/ ) 3 1
, , 1
presumably because an efflclient producer of guarosine was not
developed. AICA-R i sccuruln-ed SsVoreveral non-exactiag vurine

auwxotrophs of Bacillus aimcatertun [AM 10 0f, particularly

B. megatorium 230, Detnils of this ifermentaiion have veen dig-

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

summarized as lollows:

Acetone AICA-R-2' =3¢
AICA-R > S

Acid acetonide CH3OCSSNa

Guanosine-2t-3! POC1 Dicodium

—_—> e —_ .
NH acetonide Acid 51 -QMP
2 2 N& OH

The highest yleld reported f'or tre thpee day fermentation was

bttt

12 g/1. AICA-R. AJinomoto commercinllized this process in 1966,
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3. Direct Fermenration, Technically, this has proved

to be the mest difficul- Appreszr Lo realize irn praciice.  The
cxlensive effgroa o develop cracesses fop diprct accumulavion

o Sl enuelentides rave e Ccummaricoed Ly Nara et al. £19€8).

2 PO e ee Y - . - K 3 ™ "
ACCUWNILAL o have teen rocespalzed.  § rst, de novo

TWO Lyrds o)

synihegls from coriohyivaier and ammiliia, by adoaihe z2rd guanine

auroLrophe o L-plutame tn Trodicing tooveria, where nio precursor

1s needed, Fvamplos are (o Gotumuloevion of TMP, XMP and (GMP
by avxcurorho o Corynebos eriun rintanicom Nakayemea ¢t al.

'y ! N . Ll —— 3
VL ; . ; Y 105070 SEOONT . SaluUSae Serm e

1684 ; Demain ot di., 1905, 1855, Zfecond, cdlvagc syntheslies by

prototrophic stratins o Mlor~carous, Arthrmlacte:, and Brevibacterium
(Nera el al., 1368) 1r. whnicl ‘ne bulic ¢f' the nuslectide formed is
derived i'rom added eregenous curine Lusc,

Reported yields for tie de novo zyntheses for IMP,
SME, end GNP ave An cne 1o g/, renge foroa 5-6 uay eyele., It

1

Is not Ynown whetker Lett e, cuitur:s have peen developed to

.
3 3 3 3 ~ y 44 v <y e e PN e < N -
Publishzd dats on the stlvase processer are more

eneouraging,  Of rorticular Lroleress iz the progress made with

Bb. ammoriagerc s AT0C 6872 a9 an aden .. auxotroph derlved from

U, mutans KY 7508, 1v was hougnt 1aiitally thet mutant KY 7208
accunuleted 1M wy oa de nevrn LAathway., Bul later studies of the
chemisal chanpge s vecurring uuring tee feprmenialion indicate that,

nowelfert, hypoxantiin, wos first excoeted and <hen cor.verted to

M via the calvig? pathway.  When hyvoxanthine was added IMP

yicid was greatly increzsed (Lo > 10 g/1.).




“Tle

Subsequent erspe tneni: chowed what, In fact, the

¢

parent culture op, BT pEve ATOC OBTY was b e vy convedt

£

hypoxarthin:, zieriss -1 pLAnSL oo to TME, AMEP, and WhF,

4
-
*

-, e g i & vy X . # "y B N 3§ :
Kira eovoa™ 0 (0t sviteni.y TATTY L4870 1g e dowed

with @ splergd:!a avllity "¢ e Lo pae g “helr

I"espec ‘,;”."‘"_}_y

o~

ripvotides", Bowever, AMD ar T AMT gepe fees
to the corresp mdlng 1 o
et al., 1968}, 7Tre r1:41. f tre mor
could be contrclled by enzyme intibitors 8.0 solvents (Misaws
et al., 1909).

Kyowa Fermentation Industries commerciall ed direct

fermentation processes 1in 1967. Details of their process were

not disclosed.

Econonics
Tt ettt v ee——ye

The progress ir the production techinclogy of 5'.

Mucleotides 1s reflecied in tte price reduct! . .n ir recert years,

The price of the 1:1 m'xtup: SUoerdium 1M and <Lituin OMI w*er,

Lt was firct totrcgect 1. e UL3L Lo 1969 was $50, b, {Sfiﬁfﬁg).

The price in 1969 '= $a.45, 01, ren ).

5'-Nuclestlies are lre oroduced In Capon ty Taxkeda

>harmaceuvtical, Yamacsa Crhoya, Suen!l Tremioad, Alirn-moer o,

ard

iyowa Fernents:  on Indistry., Thne firat *v.. e Lt1] 2 enzymatic

wdrolysis o BNAL and? procerces Unr tre laot Lwo have teen

i g b

lescribed earl.cr., Totgl rrodustion tn 14€% was protauly .5

ons.  Most of the nucleot'des are 2old ag mixtures with MCG,

n which MSG content varie. from 88 to 95%.
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