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INTRODUCTION

The diccovery of penicillin, the development of its

large-scule production by sterila aorob fermentation pro-

cgges merked the origin of a new branch of rcecearch ang

a new pethod of production in thoe pharmaceutical industry.
A great variety of pharmucoutical pioducts ere now boing
produccd 0a & large-scale by cterile formentotion pro-
cesger ond by nicrobiological trancformotions anwounting
to 25 ~ 20 por cent of the total produet of pharmaceut-
ical industry. Conlinuing research programmes and progruoss
in tochnulogy buave wceulted in the production of many cou-
pounds within the ccope of pharmaceutical industry which
are not marketed firstly os therapcutica. The variocun
fermentation procceuses applicd in pharmaceutical induotry
are gannarized i Table 1. (it is to be found in the
addendun), sndiculing the {ic¢lds of application, the date
of discovery rendering information us to the patent situe
ation and in the casa of most importunt compounde the in-
ternationully acecepted up to date prices.

The production of various antihiotico result in the
most impertent prooguction of the largest scale, which
togcther wiih the resulte obtained in recent yeare by

chemical transformation of the best known antibiotics may




prove to be of manufacturing importance in the not too

distant future.

Methoda for the production of certain vitamins
particularly the production of vitamin B12’ meant an
entirely similur procese which - considering that it
can be produced by anaerob microorganisms as well -
may also be achieved by simple fermentation technique.

The microbial transformation of certain compounds
constitutea a significunt field within the fermentation
industry, among which the process of microbial oxidation
of ketouter idos 1is ¢f the greatest importunce,

In recent years the large-~scale production of nu-
meroua extracellular enzymes has boen established. The
smaller part of the total enzyme production is marketec
as digective ald, while tue larger portion of the pro-
duction is utilized by the light industry and is of
great economic importance.

Regeurch dovelopment wus also extended to the field

of srygot alkaloids synthetized by Claviceps purpurege.

The lutes!t researches are extended to newer and newer
areas.

Finally, it shoulu be noted that the sterile fer-
pentation veclmique in the mass production of micro-
organicms hus beneficisl effect on the control of pro-
cesses smployed in the rield of agriculture and in-

dust Iy




Heverthelcrsa, this simulteneous establichment of

the above mentioned complex projects may uvppear to be
dicedvantegeous in the case of an industrislly juot

devoloping country. For potential future devolopmente

anong thoe vorious foermentation procesoes the introduct=-
iom of vitally importent antibiotice and of vitawin
312 cre oontldored to be of greatest econocuie edvent-
age cue to tholr therapentie and enimal foeeding uaage.
Phua, in the diccussion ensh proccus  1e dealt with in
detuil in a chopier of 1tz own.

Apart fxom thoe therspeutic cnd oconomic importance
the introduction of chupe production methede ia motive
sted by the inctl thut the esgentiic} raw material re-
quirca, the conponente of medis uvosd for the rational
development. of the prodection wmra egriculturul pro-
ducts or by-rroductns nvailubla in overy couniry. Sube-
gaquent to the procor s suveloparili ctage vructice, the
extcunion oi production protile ¢35 & second claye
operation ~hmouars remsonable, considering the extent
gdocuacy ¢f cooeial rav matorisl potencos nnd other
gpociekl rocuirementy depunding cu the agricultural wrd

induetrial cGovelopment of the country in quostion.




Conditions of the g.gtabliahmnt of a formentation
pilant

Within the scopc of the Expert Committee o detailed
accov:it will eseparatoly bo delivered on the pubjects
of farmentation techniques end microbiological opera-
ticns employed in the fermentation industry. There=-
fore, I will not touch upon these procedured. Never-
theles, I think that for the sake of a bettox de-
ponstration of the aconcmic aspactes it 1o necessaary
to Giscuns the dcsign coniitiors for the eatablish-
mont of a fermentution plund in the pharmaceutical
industrye.

Principla ens _Aag jegn_of a formantation plant,

ST R Ars W e s TTEE

AR it wso mentioned in tho introduction, when o
tablishing a pharmpcauticel fermontation plant it 1is
advigabla to comsenan production with ona of the vit-
elly irmvovtent entibiotic.. The narkat pricea of
theoe sutibliotini: penicillin, tetragyclineo end
esssntind b.sic inéibiotice vary batseen 20 - 40
doller:/'.n. In the post few yeera a conpiderable de-
clize 3u the market prices has occured as a result

of basie patent exnirationg. In my opintion further
declinos may be anticipated, Today, the economic pro-—

duotion of antiblotica on & commeroial scale is
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carried out in large-volume fermentore of 100 - 300
tons capacity. The general usc and rational develop-
ment of these large-~volume fermentors will doubilesns
affect market prices. liowever, in a developing

country it would not ba reasonable to design svch a

large-volune formentation plunt. Due to considerat.

jona outlincd below, the ecstablichment of a feramentat-
ion plant of 200 tons capacity combined with a three-
chuannel processing plunt, operating with oxtractor,
jon-exchuonger and precipitating technigue, appesis to
be most advintageous in viewpoint of broudening the
profile of production. The expenditure of this ftype
of plant requires an inveatmeni of e 500,000 dollare,
exclvding licence coste and cxpenses spent on tyeioing
employecs with the following pertitions:
Fermeniéctien nlont

2 formentorsn of 50 and 5 of 20 nceric

tony working volume togcther with in-

termedicts fermentors, airfilters,

proportioning devices and medira pra-

parat cr 400.000 Gollara

3 compressorzs with capucity of 4.500
cu.n alr/hx 150.000 "
Precoat filter 20 cu.m of acid-re-

sictant stuinlesc sleel 50 .00 "

total 600.000 dollara




Permontation plent total 600.000 dollars
Extrector wlunt 300,000 -
lon-exchunsge - plont 250.000
Precipitation processing plant 200,000 =

(if the lattor plant is deeigned for

totroucycline prosesaing only, itse

cost gmounts to about 100.0C0 dollara)

Thus, the total expenditure of a

feruentation und procevoeing plant

amountc to 14350.000 dollarz
in gddition to 30 per cent inatullation, 1O por cens
of appliance and 59 per cent for ollotment, buildingn
and energy supplye.

The reasong aupporting an investment of the glrve
voluma are as follows: Production and fermentution
volume both amllow murketahle prouaction uand wv the o
time ullowing the ciuultieneoun production of vuriou~
products in varying volvrmue, This decigh of A tureec-
channel procsascing plantt will find a wide cocoptance,
as 17 u8 rentability und narket development zre con-
cernsad, thouygh &t the sure tim@ 1t has a considewably
increuvnuae investmen% erxpense corpared to a singlefolc

processing plant.

LA 4]
’.




Within_tho ecopoe of a throc-channel processing plant

all tho nececsory procediren car be performed.

For many developing countries such a lurge-
volurs fermentation plant 48 boeyond thoir initial re-
quiresicnta to stert with, but murket developuent
Justifier the necouvuity of establiching a unit of
this type, posuibly by the collective investmentn of
a group of otatce, snother powerful argument in thie
matter ‘o, that luoedlately after the interns) pro-
ducticn Luy etarted, un approaching requircmcnt of
therup:ntics may occur. Yurthermorc, taking advantage
of tho ccononic resultys, promoted marketing tendency
may eatrge in the field of animgl feeding as well,

It thoald b2 eaphbuoiacs thet the capacity of pro-

cecesiug nlunt decigned by thig conzideration §a greate:e

thon that of the fermwntetion plant, oven in tho cusa
of « ¢in-le product wonutucwuring, thugs 4t servea an
lnexpcuntve oprurtunily to broiden thz exinting fer-
mentor cunncity that hwe hoecn teken into account in
the derden subsequent to proper traiuing of skilled
vworkers.

The manpomc¢r requirerment of u fermentation plant

of the cuggested cupucity of 200 tons should be de-



torained to looal requiroments, In the celoulation

presuntcd in the lrust section of thic discussicn the

following claim for marnowcr has to be oxpected fooi

Kangi tug diroctor 1l

Plant engingers 3

Forenica 18

Proined viorkers 60

Unskillod workers 30
&ltorether 112 pavgons

covi~fen of footnient onppofierz. Tnosecvring
the procsscinrg technolesy of a foimentuliidn ploint,
socording to exiutirg conditican, 1t i pomciblrc: €
arch. :a krovshor for the turafacturiyy of the ' he
clly irpertiuan antilbiotien, Hoxsver, it io very
difficult to Coteriinsg the ey -oyu cam 0f CYPENIClte
In genoras, £or 2bovh SC.000 dollars o ceoendaxo
rethod coule ewlready bas pnrche0l.

The souad onuvrution of tna procosa dapends on
the stondard yield of strain and %o nalateda thic
hizh yie0ld & consicnt selactive work, »squiring

groat oxperlents 1o nuadsa.

Obviounly, thic continuous strain cupply im=-
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posea a constant burdcn vhich may result in the de-
pendence of a stronger fira having mora technical aug
economical advences, thus it deas not stimulate fur-
thexr procenn developmen~. Thus one nas to ¢ irw to
tho ides, that if severci govoyiuents plan the nes
alizatio® of & pharmaceuticrd Temzantation [ianl, the
establishment of an internpticncl inetltulio™w cppaam
expediacal, that providra for the coutirisntty of fhe
strain eupply ond ie carible of developing receeart
work wibkultanccagly.

Such an invesrnational etrain-=pupplzin.. ana re-=
search deavelonuent dscting vaaulc e gitnelad saxt o
one o7 the full-acale prenta to bs ouslt hut 4% should
bo rur. indspeadentlye Thin, fuveve?s, is retner dif-
ficuls tr wonugs auy 6o raguirsments of hizhly
qualiried wavorio.

tnother pouwarful argament «gainst . eet=up of
this project i: its extremaely hign comta. But if this
pacticn will t¢ cupab.s to opexsta on a piropal yevel,
the Ioerusntatior plante ihm: ar« Tationallp 7~ »IiRg
on th- imele uf dasvelopsent® of this rectler wey be
able oo ahonider a consfdersbig pors of its maintain-
ance coatys witniu o shoxt whils,

Supposing that ths plan for the setting-up of




this contral institutiorx would get realisod, it will

have to be equipped with a small-gcale producing pilot
plant of 20 - 1000 litre ordor of magnitude volune
oimilor 1n itr desipgn to full-geala foruantora. 7hig
volus s ourhi (o be suffiolent cncugh to serve for
procoso-techinology rescarch as wolle

Trpinir~ of oxnort:z. In a doveloping country the
basic condition for tho establishment of u« new line of
industsy is the proper training of expertz, 1. o. the
epecinl tpmnining of enginoers and microbiologtats nnd
the training of skilled workorz who will ba reuponcible
for %‘ho wont iortant operaticus, This cen be cunssed
by the combipation of the parchused know oo wilh re=
sorvu.ions in tho contr el roncuvning the t.aining of
experta fIr the putting intd> operntion of a plant, also
it may provid. the final truinirg ol ¢*noves on the
spot, cdopiir7 1% to loeonl condltlons,

The othar poasibility sudusted in Ltho previoud

pare;zraph, 1s to organi-~a the eirain-supply nnd provoou-

devolopzunt cvectinm din cuch a wer ns to hite capaoity
left for the iraining of expeaen rogquired by the jratting
into coperaticn of a plund wng at th vwro too ita taok

could ba extendnd te oarry out wwatinuous expert tcrain-
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ing o8 wall, sicultaneously with process development

roquircrents.

Powew. uwater ond ruw nngerisl crpply. Fhen de-

signing n fermyntation plant the sufely of the energy
and propez wator supply should be thoroughly invest-
igatea. The cnorgy regquircrant of tlie proposcd 200
metric tons feruentntion plunt is 6,300,000 Z7h/voaz,
3200 tono stoun/yasr and 1,400.000 cubic & warer/ysax,
Theue f .otors repreeant the largest charge of product-
foni countu as 1t wil1l be indicated later on,

Ra. manteriel require~runte of o production may de
coversd in uluear aevory country since the main paxte
of ra~ ralarlel vequired us zedius—constitucnc arae
agricul ' Lsool vy ouvdu te. I order o aaint.in o
oomstar:. it h-ivvol pruductvion, the oztent wi . (usny
and un!iornity ol all pooeible pources Ay Loe Lavaete
igetuvd tuough moot ¢f thes are oll-tndustiln} by
productrs applicuble withou., any for. or proparatiob
(soybovu rmoul, pownut cwuil’ aloe etuch wnd {lour tiay
gorve in largeshh proportdc oz o constituonte of mediuxz,
It hos v be conoludered, that the conatoney of the
quality of theoau way decisively influsnce ti: whole

production levels. This fans is proved by that, that




some food-producing plants arrive to these ram prod-

vate wiih teshnicue developad, that take intc esoccound
the requ’rczent of fermentsaticn industry, thus when
detsrmininr, the local medivm, thie hao to he reckon-

od with.

Surrrvinton of nenufegfuring nrocasnen, For the

. W

satisfratory suparvicion of jrocesees, the ostablish-
pont of a microbiologicel, analytical end phavnaceut=
ical (for toxicity teats, prrogenity ¢aternina%tions;
laborator 48 neseanary. Aport from thesa roui.ne
touts thc poasibil ity for checkins oparations ia pilot
pionte chovld also b secar: 1« In all canss of IGo-
how bouzh%, the proranmes orjiop~d muet be ndanted €2
thae local. iwe® BaWeM. ., aAuppiy srd ln the case of con-
tinuous produntiin those suprliss ouct ba checicd in
pilot plr:i m=alen. This pllot plang should be placed
into the farmentatiox kall b ite proper desiiiinge
fules of caux-3 wamrrd furthe- ¢z 2uditu:w but in the
pilot plant, doesigun and opecciicnal mistankos, mde on
¢aall pe« s are much leas ccntly and lesr tima comsum—

ing than the same errors in a fulli--anale plunt,




A BRIEF SUMMARY AROUT THE MAJOR FERMENTATION

PROCTSSES

L, WA L3 T

Production of peniciliia G end penicillin ¥

6~Ainapenicillanic aocidy zsmicynthotic pcaicillin
dsrivuotivea, ccphalosporlis Cy cenicynihet i oephalc-
spoxin Aarivolives,
Apon~ the aatihiotics pcaisillin, cotive erninns Givii-
posliti—a tastcrim, was discovora. firat. L4 proucnt,
penicilii’Zia G cnd peniciilia vV acy produce” on lavge
8c=ivue Tha advinuego of p-nioillli V egaiunst 2eniciliin
G 45 it~ 0oid stubility, consequertly 3% i:p b ed=
minisirated orolly, which in tho un~e of prnicilliim (@
wan possanic ety iR tun form of insoluble saltse After
the wid* ran~v. admausctr iion of penlcildin dnitn
tharap, a gieat ramistinuy drvelupasd in the niersosga-
nicr : ¢ ~ainst 1wnieillis which wis dua to puniclllinase
an cneyme inactivatine penlzillin, produced by the re-
sistens ntrain:-. Cephalorporin Q ra3embles penicil)in
in mgny respacts, baing alsv affective aguingt peni.-

oi1llin-xesigtant bLaoterla, but its cntibiotis yield in

production is much lower than those reported for peni-

oillin,




The production of 6-aminapcaicillenio acid, ree-
ponnidle for the effecte of pericillim has alloved the
production of numgroun semimynthotie derivatives which
becsuss of tholr structure, clucve with vory Y o va-
locity upon tho effect of pent~illanic carywg aid col-
gequently affoct resiatant microorguntsa, end es the
spacira of ocle sewluynibotie ponieilils Jderivacives
groqd nors fajuurable, the sex -ynthetis predusticwm of
matorial, sifesting Gram-nega.ive microuvizenices also
becrua posaible.

The proc.ums for the incledbiam of T=vrdnpaspleloe-
spor.iiiz scid from cepbalosyvorin C in many reopauts
rercrmhla tlhr 34y uped foo b6-exinopanicillunie seid and
resuited An tha eonthatization of cemlryashetic owe
phalocporia derivetives.

A new outstandirg result of resenrch devel opment
ia that tha nuclews of 6 -wainopenicillanic acii pay
be chunged by chemical processya to cephalosporin

otructurv.

Perruntation of penicillin ¢ and penicillf.. V.

Penjc’ ..l ¢ ropogenus #a8 found to be a cuperioxw

produstiwve gvouin for penicillin G and V. Toley, the

leve® of economio vrouvuction in the ceaeo of peniecillin




G is rangirg between 12 = 16,000 U/ml and in the ce:e
of penieillin V betweem 8 = 12,000 U/ml.

In tha early stagaw of penicillim produection the
main corponeutm of tho nedium were corn steoy liquow
(2 = ¢%) and lawsous (%2 - 66). Production of penicillin
G wes cuhaneed by rhoe aodition of phonyincetta vold,
while peaicillin V prodoctionm by the additicw of phen-
oxyacol iy aokds The mopy regen® devolopmeinitnl work hes
been concaxned with incoosing antiblot iz 4030 which
oan be Ll Twencsf by the okilliul oporatio of forment-
atlon tecbiniquess corn etuoy liguor 4o lawcek, riplacad
by posowt Looh, ead n orden to malitaia whe prolonged
produclios poxrhod requir<d, the sdditieon ol JIactone
taleo ploca lu vhe geeone phooe of fernsnoot lew depena -
irg on rH valwneis Permentationa cre genaxalls ren for
170 = 150 houra. By contivwous addition tochnicne tica
productic. of pailolllin aan be nointain & un wed ios
conbuiin i slucoui 03 L0807 ud wallse

Precoading to $solation, the formontatiom ligud:
i3 f2ltexr~ad throrgh a £31erdruz on the very pli that
the feirontution cioppede

In the deavel:yrent oV the varlous opexutiovng due

volved fu coatrolling foraentation technigunn the

foilowing viewpoints should be conciderud, which resuit
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in the fermentation of high yields of the dccsired pro-
ductz. In the casa of high rroduvectics valuzs the micro-
bial activity atisined cun no nmore be regarded em the
gole cheracteristix of fermsntatlos technolozpe The
technology should be anaiyeed in every caug by the final
output, correlates with feruantation period and umat
volume, respectively. By utiliging culture ncdia of eu-
oessively high conceatrationeé and vory long ferwentatinn
periodws ot highew microhiel ectivitles may ne attalied,
as nenticned dbeferw. The high f1ltering loarans, furthis-
more the emulsicuy occuriug in the course of nrovvesofuy,
these feivantations do not appawsx eccnocicale

Icolation of penicillin 4 wend ¥. Chemioilly, penie-

oo an

cillin ¢4 a wad 502 which ey be exfracted from the
farponiavion besr at pH 2 « 2, 9% wvu’ In a wildly alKaelinse
medirue veosatrestsd dnto the wguenus phuse ol pH 799 = Bl
Bas¢d on thueae chirantericiicty tne rollowing iociatiorn
procac ™ was aavglopody

Jassnpae of ne noat-sa.a ltiviiy of penieilliliz the
£ilters. cudoany pvoth ves oodled to 5°C coativuklly
zeidiflied to gﬂ 2,0 - 2,% and extractsd with butvlacetate,
In the cnuraéﬁext;dutxon a five-foly reduction in volums
muy be attained., In large-«<cale production the extractiion

may be afiovcted with ssparators und Podbiclniak type ex-




tractor, respectively. Fenicillin wca transferred froo
butylacetate into the agueous phnns with the help of
buffer cf pH 7,%, then agrin extracted with tutile
gocetatc at pH 2,5, The orpinic phare was driczd by mes.n
of anhyérous sodiuvmsulphate, than psnicillin ¢ was prs-
eipitat~d by thoe addition of saturcie? soluiica of po-
tasoiuvicacetate. Lpproximate ovtput 16 betweern 0D - 80/,

The ruw potosoiun salt may be purifiecd by decolon-~
izing it with Noiit in eoucnuer golusion end ptécipitaticn
with en orgaric prolvent.

The &bove procedure rey be epplicd without eny modi-
ficaticxn to the ignlution o ponlelllisy V o

Prodpetion of Gooufnerende’liconic ratd, bofninapens
cil)onlc wodd ds ko nmodiety of the peatedlVi> L vooel oy
and respongible for ita microbiclogica® punde 110 neid o
itye It may be mwonufoctuve’ from pornidiia € (nr ewen ®
ually from pendeiliin V) by roans 0f roransn’ny clenave, o
or chenic~k braakdo. m, vauventivels Gha sy onenge g
for the clileavage of penicil.in G rej bo preduce.. 7row
Eschorie™ " enld cultivates sn larpge volu gie Whe el oo
883 1a efvecisu by voing the colls dizeclls or he iha

free enzyma following autol nurmy, ot hinh concatvi o

of penicillin G (2 - S4Y resuliing o viels of 70 - 80,7,

6--Anincpenicillanic wnid orn ba prodrs e Ly arsplo:
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cleavage at low yielda, which however are supposed ta
be improved at present.

Semisynthetis penicillins. Theoretieally, 6-amino-

penicillanic acid may be anylated by any ac;ylchloride.
The acylating agent determines the microbiological act-
ivity, acid-atability and the hehaviour towards penie
cillinase enzyme of the resulting penicillir. The best
known semisynthietic penicilline aret methicillin (2=6-
«dimethorybaneyi-ponicilling, «ouwecillin (S-rethyled-
~phenyl—4 -1covwnzolil ;enfeillin) and dicloxzeillin
(whick is tho dichloro derivative of the last onc)e.

dethicillin {u vols seneitive but reaistant to
penicillincse. Oxaciliin and dicloxacillin ore acid=
8teble und reuistent to pealciliimize. Thusy all three
compounda oroe effective against renicillin-resZgstant
straing,

By acyluting G-eninopenicillanic acidg with re-
dicole contuining besic groupa, the microbiological
ppectrum of penicillin broadena towards the direction
of Gramensgutive bactariuw. The noet important mauber
of this grony 1o umpicillin.

Cepinloryorin i 1l _cooriogpocen’ e aeid dovivut-

Fms s o o A

ivers, The etrning of Cophalosseriva preduce cepholo=

sporin C. The ptructurs of cephalosporin C 18 very si-
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milar to that of tha penicillinm, The moiety of the r-.

lecule responsibla for th: nctivity is T-eninvaephel: .
sporenic acid. Cephalosporin C 38 it inuciivnted Ly
penicillinana thus it e.binites alcrobiolopicrl activ-
ity cgevnst perdcdllin reoterent ctiaime tou,

Bicrobioleosieal procaciws. ior the production of
cephalocporim C in many respects rasemble thoce used
for penicillin production, but the antibiotic yields
are nuch lower than those reportac for the penicilling,
Manufaciuring opcrations to pradace 7-sminecaphinlo-
sporanic acid from cephslaspnrin C by its ccylstion
resultod in seulerynibetie ¢ ralosposinie rele derivet--
ives (caphimlotin, cenhalenin).

Trhe vrennloly B plicas of e phalen sienie
acid durivativea togother with theix Jow feruentation
levels provents tueir gernral use in thers. , t.e mora
80, a8 these dorivatives do nu%t of’ax more nuvrntege-
ous effucts when counnrar 1o teuldeyashstie pruicillinz,.

It i a now peroibility to transform the penicill'+
nucleus of low prodictic. ¢t to the cepheluiporanic
nuclecn by chendow! pownre The tharspeuttic cud ane-
nomie fnportance of thin piae reault nuy pruv: to be ¢’

manufucturing intereast in ths rot %too diatent future,




Produsticin of totracyc)insn

Alpoe: simultoncously, throe eimilar antidbiotica
+4ith similur structuxe and wide-range spectra have
.eon discovered: chlortetrecycline, tetracyclino and
oxytetrucyrlfng, All thres antiblotica are wmanufactur=
0d by ferucutationn procedures using spocios of Strepto-
mycex, and thelr therapeutis possibilitisa are almost
ideatical, !2rwndays tetruayni'na and oxytetracycline
account for the larg~ ot sad& voluns,

Apar’ froc the therepeut:s applicaiiocn & largs
amount iz u3~3d foxr animal fe~ding purposes.

Parmepitotion of tetfrnerl tiex, Medivm requirements
of tha varic -z Gtrepton ceves auitable Tor the produce-
for. of tevrucyclinea shov extrewe variubility. In fact
atruina prodicing the sang antiviotia, being individual
variunts of the sume vpecies may prenent gquite different
raguiremeniy in neuie. The churucteristico of nedium
used for the production of tctrucyclines may be sunmariz-
ed us folliwia: The roat currently employed nitrogen
sourcuss of tue wedia are soybaan weal or pomaut roals In

the cuse of culturea exhibiting higher yiolda inorgani:

nitrogen nou-cea, in the foru of zamoniumsulphate are

appliod. Moat generully starch or sometimom its uaylase
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digest starch form is utilicod as energy sources, or atner
carbohydrates e.gs in the care of chlortetracjc:iuag
sucrose. Apurt from the current nitrogen and enerxgy
sources tho rodium 6 olwaye gupplementod by irdustrial
by--products which have fuvournble effoot on feiventation
duc to their vitaucin and grouth factorn, I'or thir pur-
poan corn stoeep licuor, yeust or yematw axitract r1d di-
stillar aolulia ere ervloye s Rawidaa, thrae conponnnta
godinronlourica and fouo wufforing purpoeses. thOa o owloo
added Lo the modlum, Tre naclizom of ant &0 oonbe Ledo
fatu or oila frequently stiulaiog rrodved viie

Todoyg, 2 ylold of 12 « 16000 I/re e aoncideves
to be pufficicnt for ithe econcri s prodeztion f oyrict: a-
eyclinus wan wetrTacyel Tang weapesLlivelye Sho antiliodr
produces is bound to the myseaso ., thersicra the firnt
Btep of precasuing de flltraticn, by muew.« of (7idiooing
the broth. Thiy procadurd e vev.diy perto:ws? by uxalle
or sulphurie ecld or hy meena of simul® ~.cans nse of
oralia and sulphuric acidu, respectively, adjunitrs the
pil to 2.0+ At thgeua instuncas C«L0x changson into ealeiur-
0xXnlciw Cr calciupoulphrte, respectively; reculting in an
inoclabia precipitatc vhich may et ao filser aé”l Llyure
from rarnantotis® copditions the structurs ©f the precip-

itoted inzoluble gulfs: Aatrongly dependa on the temperut-

are and esyawa ol sciciftueiion procodurcn, tharsirras whae
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mode of acidification affects the rate of filtration,
It should be noted that for the production of
tetracyolinea tube ferwmentlrs without stirrer are em—-
ployed in some plants. The yield of productiom of tube
fermentora 1s alwayo lower than those obtained by fer-
nentora oquipped with mixers. Howevew; due to lower in-.
vestment costs and power requireaments it Jn neverthe-
leso employed.s If a fermentation plant is equippod
both with mixed and tube ferrcntora, better roasultc are
attainabls when the procesu starts in fermentorn equipp -
ed with wixer and the second phase following growth is
continue’ in tube fermentorce. In these cuses antiblotic
yields mar become similar to those obtuined by mixed

fernontoro.

Ieolaticn of tetrucyclines. Tetracyclines are

awphotoric. conpoundes and dissolve very poorly in water
at pH 4,0 - 5,C. " the cave of low yiold fermentation
broth {solstion procedurea start with oxtraction hy
butanol 4t mildly eclkaline ! values. The thuw ohtuin-
ed extruct 15 concrntruted wnd treatod with anhydrous
methanolic-Hll rosultig o crude hydrochlorida, 4 more
advantugeouz procorg hus beew developed for the isolate
lon of teirucyclines by meana of precipttetion with
quaternury wanoniua salts. Uiwilurly to the forosr

proceduru, uftor filtruticn of the complex salt and its

treaiment with anhydrous cethanolic hydrochloric acid,




tetracycline-hydrachlorids 1s obtained. Pollowing dip-
solutiocn of the hydroohloride and its neutralisation,
the amphoteria form is precipitated and aftor filtrat-
fom a final product of good quality 1s gaincd, (Homwes
days, these procedurss muy be ecployed to odtaim by=
products for anioal feoding.)

Today, the following econocical proceiure is
applied for the ioolation of oxytotracycli' s fron boces
of an output of 10.000 i /nl. ercontation Lvoth are
filterod at acidic pHe, than clor:fisd by + rioun ci=
sorhenta. These stepo wore folloasd by edlustiag v pl
to 4,0 - %,T. Al%or theova procedurs3d oxytcliroyclins
and totrucyclino of pharnacoutlical gredo ccn direst .o
be precipitatoec.

Fo.s animul feeding purposos the mycelinn oltel g
througih the noutral filtrution of farunis>ion uro 'y i
dried snd marketod in tui. form, In xara ¢ 2 for "=
ation brothy ar~ paitially avaporutcl thaa Lo So0ult 108
of fermontuticn broth ie ovaporated agailru Yo drzuzl v Dy
using Xiro atomivar,

Penoypred, woomnectc, Nany dnventigaiora rove atfiZnte

3 — . W s

ed to adopt aiciunlolegical ard chemical rodiZicatil )
in the production of tetriocyclineu. Jows ruihyl derivate
ives of tutrucyclinen Lave gained afde clinlcul acziale

ance. Ainong thom the moust impourturi is dorioyelins hich

ie derived from oxytetracyclins. It 1s oteble :




againot acids, therefore ite discharge 1s prolonged thus,
it heo therapoutical advantage.

Production of water-soluble basic antibiotios

h great umuny substancoe with varying chemical
structuraea bvelong to the group of water-soluble hasia
antibiotica. Since tholr isolation methodn are rathar
eimilux, they nare goilng to he discussed witnin thia xroups
The meust importunt antibiotics of this group ure produced

by Streptomycc.ie Their chemical siructura is built up by

aminoe sugurs, uminocyclitols or oligopeptideom, Strepto-
mycin is active aguinst Graw-pocitive wnd Grim-nepativa
bacterin wnd ig n yowe.ful drug sgainst tubarculosis.
Autiviotics belon:sing (o %he peowyein group (neomyoin,
kanan;cl., parorunycin, gentenleis) atrongly affack both
Gram-positive ynd Grap=nozctive basterine Viomycin ana
gapreonelle are £pplied exclusively egalne§ Mycohacterium

tubaerYori o,
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Thee pn}ymyxina tyra antivioctico (polymyxin B, co=-
14 ntiy) afksxiuinst Gram-negative bactoria.

bavio antibiotios do not absorbd frouw the gastro=-in-
tes*iral trocfl vc tnay brve to be administrated paront-

erelly.

Fayraweor yton of her'o curibictios. Media for the

procuction o, .. rentor e yivaucsd by dasic antibiotics




currently in commercial use crao generally based on thnge
medis establinhed for the proinction of tetracyolines.
Bigh yields rny be attained in the cans of soie in-
dividunl entidilotics by meens of continnous ccroohydrate
addition. Produntion cutpute renging bot:sen

7.C00 = 10.000 ng/ok in the cras of gtroptomycin end neo-
ayoin, and 3.000 = 4.000 ng/r}i in the cuse of vicauycim
are considored to bo uconomical.

Production of cntibvicticy belongiry to thi oly-
myxine grou) roquircs nedia of high phornhate concentrat-
icm in eddition to inorgania nitrogen sourom. tprrt Irom
th2» corpon:aty the radivn contalam B8O usan rmary oF pea-
nut wsal, low concontvalici of ocora sieap liguels cad
ocsunionctiy bydrolyccd endrsl protodin. Cluooue 4o ucce
&C Oonsxgy e0100@. Autibiotie yiald reoazin- betva
8 - 12,060 /Y cre clelned {9 ba esons~inul.

Werosyp-adong of busia eniiblotiss, aro hownd to the
e6ll, tharavayd prior %o proec: afn~, forooatasicen broih
in uoicifi~3 to pH 2,0 ead then £1l%0xc3 a8 in the caso
of tetrargclinen,

Ferdoii o of Wl cabihin®ssi. Tho asjor princijles
fox ths imclution of teoafe anitiototicw o the folloviras
The foxtariy ncidific formentintion broth fa fir:s

filtcred thon neutral!=sdi, The rrecipitaie thua obvainad

1o MMliered rzaim and thn clear soivtics 48 allovad to




flow on a carboxyl-type ion-exchange resin of sodium
or ammonjum form. Arter washing the saturated columm,
1t 1s eluted either by aqueous or by methsnolic=-HC1 or
by sulphurie acid. Thie procedure results in o wt
least tonfold increuse in concentration.

For the isolation of varioua hnnic entiviotics
the carboxyl-type lon-exchunge resins carbatsd by dif-
ferant firze are ndoguate, iHowever, thara sy axist
gome s8)li;'.% alffersnces waong thne procuuts #vuil-dle
in tho worket which may affwct the sabegnuent stspe
of purificatione.

The taclatizn of antibiotics by luneeschande
process ruguires the ezhaustiom 0f colvim capaclty
with a on fviw aceurac v, Bofors Sincing on the rusim
the bies nnd tri=velect cetioms = 3L aacaumery - Should
ba suitoh) y recovesd frow the Lxodh, siuce they luter
fare with tha fon—sienengsB. fhe ion—fichatge de Prop=
arly axycatad by colupns o}l zud one affag Lua wthero
Phe firet column in the row 18 separsted for ejuniion
when 14 @ . Wing no wora antih.otica, B8y utiliring the
full wopaciir of the columns in this manner, var) cohe
contrntad sluates coe wWoONe

Po ivaave frpiciiiss nvefore eluticn sevarsl pro=

cessem cuplay & 2actisg vith dilate acid or sanonis




after a thorough washing with water,

The fine) purificrtion stepa become all the more
effective 1f ‘he antibictisc ie in the smalleat poasible
volume of eiuatasn,

Farmen{:ticn beers of very high miarobiological
activity nay furnish, by means of this ion--wxchange
techninua, olv tes of wuch purily thet they mwey be Gf-
ractiy fraev - viod after decolorteing 1L with Nordi® gna
deacicifwing ¢ by ton archange.

In the ran4y of doure foricateliom lovsle the elu=

ate® may procasia in the followivy waya:

8) Repsuted 1o -exchengs furninhes sufficiently puro
endproduct;

b) Pracipitetion of tha olunta with water miecible
organig noivend, and reerysteilizationm oy give se-
tisfactoxy rusultes

¢) Soue 1solnvad amued Luy reguise chromatography in the
fino} puri’tcation wioem, This may be accomplished on
ion-axchange, aluntrs or activated carbon columms

d) The auvive pubstenc . may be procipitutad from thae
eluat® hy casna of ovinnie sult insolubls in wateax
(nsphtaliosulpheric ecld, parceancid) mey be applled.
The rwsulting ae«t may t9 puriried by recryatalliz-

ation and suvsequertl w sulplate salt is formed.
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Por therapeutic purposes the substance produced

may be finally freeze-dried.

Rasearch tnoks, Por the reetriction of therapeutic

appliocation of the basig antibiotics there are two

reasonc: The thorapoutis index of the two groups; neo-

myoin and polynsrine, though they possves the widanst

range opectra, iy very lo.. Both snutibiotiun are ape—

cificelXy toxie to the kidnay, furthermore at prolongeod

adminis¥ration, mecondary neurotis effect is datoctehlae,
In ordew to discover analoguss possenaing lessex

toxic effect further exporimental atudies cre nesied.

Production of sntifungal entibioticn

Among the eatiblotica possessing antifungal prop-
ertic>, polyene entibiotics und griseofulvix are of the
greatnat izpori.noe in clinical tharapye. Polyone anti-
biotic-i: nystatin, etvhotericin B sud caendicidin arsg
produnsG by various etraira of Qtr ntomyncs. Thuse sub-
otanc:~ provad to be offiotive on 10cad applicniions,
while poranternlly tnay o3uihi4 vodorate elfvct onlg,
These antibintiva are nct awaoress crolly, tharafora
they ura sstenntisly osppl:vd aftar adzinistration ox

antibiotics of wide ranea vpectira %0 cupproge the amount

of fungi in the inteotins,l flora.




Griseofulvin is produced by fungi belonging to the
Penicillium «roup and ie especially highly active in
the case of dermatomycoeie because it accumulates in

the epidermsinm.

Fermentation of antifunre) antibiotios., FPermentat-

ion processoa for the productios of polyene type anti-

bioticas of fitreptomycen are vory similar to those de-

veloped for other Streptomycez antiblotics. A marked in-
crease in antibiotic yield 18 followed after continual
glucope addition., Economic production of nystatin amountg
to 1V.000 U/ml.

The medium ruquirement of griseofulvin production

by Penicilliun is quite difforont. Permentation ic

maintained on a medivm »f high carbohydrate but at the
sane tiws low nitrogon concentration to accomplish nit--
rogen atarvation of the microorganiom. Lconomic griseo-
fulvin production amounts to 8 - 12,000 j:ig/ml.

Isolation ol antdfunsal antibscticr, Antilfungal

T O —. o o——"t —

antibiotica ure substancea inecluble in water and bound
to myceltur. Thetr fvolution Lo uchieved by extracting
the triltered zycellur,

In the cuse of polyone type antibiotics the fer-

mentation broth e filterez a% pH 4,0 - 9,0. The filtered

mycelium after drying is extracted by Mathanol or acetcne.




P0 achiaeve higher activity of the extract, the addition
of 1% calciumchloride at defined wetneas proved to be
useful. The extract is evaporated in vacuum and the pre-
cipitated antibiotic is washed and dried by acetone and
apolar solvents.

The product obtained by this procedure io generally
not further purified, its activity depends mainly on the
aotivity of the furmentation,

Polyene antivioticse are axtremely unstable and pho-
tosensitive. The stsbility of each compound deponda on
the property of the producing etruir, the fermentaiion
technique and the process of isotation.

In the cese of prineofulvin the ferwmeniaticn brorth
48 filtored without eltering ite pil, tho myoceliuz may
be drind, then tire active tubetwice is extranctad by tl-
cohol, ucetone and chlorinunted solventa. Aftor the
evaporntion of the ewtract, griseofulvin in crystalling

form is obtained. By the ald of carbontetrachloride

the fate are removed and the antibiotic 1s recryjatall-
iged from the agueous acatone.

In certain countrieo the mycelium of griseofulvin
producing atrains i1s driec, ground and marketad without
further purification for veterinary practiece and for

aninal feeding.




Reseoarch taskg. The need for substanopm with anti-
fungal properties offering equivalant promjse in huana
and animal therapy ts thosc of antibacteriel anti-
biotice has becomo of (reat importance, therefore fur-

ther experimental etadies in thies field are regquirod,

Prodquioug macrolide antibiotics

All membera of this group are active against peni-
0illin resistunt Qram-pcaitive bnoteria. Thoir medicr}
use decrwupac einoe the discovery cf oynilwtio peni-
cillinz. Most important acamborw of tnis group in med!-2al
applice-ionno nva orythroryein and oleundooycim.

Pornontaut’® n_nf n-~rmlideo xtibloticp, Macrolide

L s e

gntibiotica aru produoccae By Cti tomycea, the medls

goenor:’ly uppliad for this purpe - ha'e to bo siailew
in thnir chiaracters to thoee discuused above. The moot
economic production level is ronging between . - 4.000

ng/ml.

Jeolation of macrolide rntibiotics, The chemieal

property of the macr~li: iy as follcwa:r Tho aamino
sugar colety ir the strugturc of cacroiide antidbiotion
acccunts foxr thoelr buolce cuaructior, the amacrolide port
linked to the acino eugnz 18 lipophylic. Basio prine-

cipler for their icolaticnt The farmentation broth
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filtered at pH 4,0 - 5,0 containa the major part of the
antibiotic which is extracted at pH 9.0 into organie
phese using solverts euch as etiylacetata, butylacetate
or chlorinated hydrocarbons und extracted at pH 5,5 in-
to water. To attain eppropriate concentration of the
aqueous phase it ie practical to concentrate the organic
phase. The free bazic group of the antibiotic can be
precipitated at alkaline pH then crystallized from the

organic solvents.

Production of vitamin B,,

Among thc vitaminm produced wy fermcntation tech-
niques vitamin B,, is of the greateat inportance for
clinical as well as animal feeding purpoves. For the-
rapeutic adnministration cryotalline vitaxuin B,, or ite
coenzyme form canl only be used. Tne quaulity of the
productyg ara nicroviologically chaoked.

Vitumin By, 1e eynthetized by « wide range of
bacteria and Streptomycetez, Formarly, rocovery of
vitanin By, as by-products of sntibictic fermentation
was sccomplished, nowadays only thoee of high yiela are
uged ir large-ucale inaductrial production.

Production of vitawmin 812 by femrentution prg=-

gespes. The wost generully accepted procesa for
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vitamin Bya production 1is based on the use of etrain

of Propiogibacterium shermonii. A fermentation tech-
nique different of those used for antibiotics 1s

practized by cultivating Proplonibactaerium anzerob-

ically. Por the production uof vitamin By, a medium
including corm steep liguor, ammoniumchloride and
glucoee has been daveloped., Intermiticnt addition of
wlkaline is used *c neutralize the large amount of
acid formed during the anwsrotic procese. Period-
ically, vigoroue teration in the second evage hes in-
croased the c~1ll production. A marked increase in vi-
tarcin By, activity 1o dotectable when cobalt saltm
and 5,&~-dimothylbenzimidazo) wore addad to the madicm,.
It erculd be noted thut sewnge oludge contuin a
ugeful amount ot vitumin By, which cen be influencoed
by adding weulo muterinle end by subaequent anseerobie
fermentuilon. To thowe suvsoquent anaorobie fermentut--
ione tne ‘ntermittent addition of precursors 1. a.
cobalt saltyg and 5,0-agicuthyYbanzimidazol were found
to Le useful. Tha cconsuic nupects of vitamin Lyp kro-
duction wre decioiv.ly governod by tho local conditiowns
and by mupse contas.

Isclotion ¢ vitamin 512‘ The vitanmin Bl? formac

in the vourue of ferumentation ie retuined in the cell-.

The separatiocn of cella 18 attained by centrifuging the
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fermentation broth or by filtration of the gel-like
precipitates preceedingly formed in the brothe The vi-
tamin By, activity is released from the cell mass by
disrupting 1t by heat in the presence of potassium~
cyanide. After filtration By, 18 adsorbed by the aid
of charcoal and ion-excnange resins, then it 1s eluted
in alcohol or ucotone either in mildly alkaline or in
mildly acidic stage depending on the characteristics
of the adsorbent. The elute thus obtained is evapor-
ated and extracted either by benzylalcohol or by
phenol-chloroform mixture. By the ald of apolar golv-
ents vitamin 812 ie extracted into the agqueoua phaso
and finally it ie chromatographeu on an aluminiumoxide
colunn. By this procedure vitamin B,, 1e ecparated
from the substancea exhibiting similar structure, then
i1t 1o crystallized from the agugdus-acetone polution.
The vitanin 812 analoguec having vinllar eftfects

and structures are uged tor animal feeding purposes.

Microbianl transformation of steroids

The steroid hormona industry utilizes microbial
transforaations to produce hormonea and hormone
analogues. Among these procespea the following steps

attained greatest importance:




Production of Reichsioin’e compound § (17 X,21=
=dihydroxy-pregn-4-ene-3,20-dione) und Reichstein S-
«17 X-acetate from 34,17« -21-trihydroxypregn-5-ene-
20—ona, and from its 3/5,17c£,21-triacetate. respect-
ively, as well as the production of hydrocortisone
(IJJ$.174(,Zl—trihydroxypregn~4—ene~3,20-d10ne) by
meana of hydroxylation of Reichotein’s compound S or
Reichstein S-17-acetate. In the case of the latter
substrate thie step is followed by deacetylation,

Prednisolon (11/6.17d'.21-tr1hydroxypregneno—1.4-
-diene-3,20-dione) ie manufactured by the Al-de-
hydrogenation of hydrocortisone.

Several procovees were olaborated for the product-
ion of androota-l,4-dlone.%,17-dione from cholesterol
or progonterone which onnbla the production of estronw.
The imp-rinnce of thoese procesaes, however, diminished
lately vince eutrone and contraceptive nursteroid
production wao volved by total syntlicole. Nevertheless,
in total eyntnesis microvisl ¢tupe are applied too, for
instan-a stoervo-gpecific oiorobial roduction in the
production of naturiul -eptrone,

Prcceases roferring to oicrobiul tranaformation of
sterolds generally are putented, Their introduction ro-
quires a steroid industry of nigh level since tney aro

always connected with checmical processes.
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Culturing of microorganisma for storoid trans-—

formation, The differcent steroid $ransformations are
carried out Ly a great varlety of bacteria and fungi
pelected by a very extensive screening. The micro-
orgunisaa contain the traneforuing enzymes intracell-
ularly. They are capable to perform very different re-
actionp. The screening aims to select strains perform-
ing the desired transformations with a high yield.
Thege straing are cuppoced to produce the smallest
possible quantity of by-productn and to contain only
small amounta of enzymes which are able to docompose
the steroid molecule after having uaccomplished the re-
action in question.

The enzyme concontration within the coll is in-
fluenced, beside the inhorent characteriotice of the
strain, by the culturing conditions. In certain cases
the onzyme lcvels may be enhanced to a large extont
by growing the microorganisme in the presence of
steroida of small concentration. The trunsformation
capacity ie determined continunlly in the course of
fermentation end the steroid substrate to be converted
18 added at ita muximum level in one or several
batches., In many cases tne steroild conversion 1s per-

formed by harvested cells without any carbon source,
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in order to facilitate tho isolation of steroid
producto.

Poseibilitica for storoid substrate rddition.

Steroida poorly soluble in water arc adied to a for-
mentation broth suitable for trancformation. The
eddition may be performed in two ways: either the
oteroid ic discolved in organic solvents (methanol,
ethylene, acetone) and added in this colution to the
fermentation brota. In thie cose the organic solvent
content of the broth influences the enzymatic process.
The usefulness of this method should be proved ox~
perimontally. The other possibility ig, that the
nteroida ore mijcronized in aquecous go2lution rxr in the
presence of wetting agenta and are added to tho farn-
rentoution soluvtion. From cconomie viowpolinto it 1s ud-
vantogeous to apply the noscibly highost concentratiown
of substrate in the cource of fertientstion. The optirum
subctrate concentration moy be esiubliched experimenti-~
ally, cenorally it may amount tc 1 ng/ml but in rare
cases & multiple of this way boe ci-uvorted.

In rany microbial procasses ¢ :~yme inhibitoro are
raployed to dininish unfavourcile tide react lone.

All fermentation steps arc cliccked auaclytically.
At the rate of maximum accumulatioz of the upoful

product the fcrmeatation is immedictoly interrapted. In




order to avoid undesirable side reactions the processing

starts instantly.

Processing of eteroid fermentation. At the end of

fermentantion the steroid depending on subotrate con-
centrantion end solubility, is either in solution or 1s
precipitated in the brothe In the firest cesae the for-
mentation broth is filtered ard oxtracted with wator-in-
miscible orgunic solvent. Mogt suitabls solvento are:
ethylucotate or mothylischutylketono for cteroida having
many poiar groups and chlorinated hydrocarbong for loss
polar steroids. After » possibly continuous axtraction
the oxtract 1s evuporated in vacuum to drynesg. In soma
caseg the extracted storoid tg contaminuted with laxge
amounts of fatty impuritics, originated from the microw
organicn. Thueuo fupuritica may be removed by extracticn
of the aquecun vethanolic solution of the evaporetion
residue with petroleum ether. The oteroid obtained after
evaporation ic crystallized in an organic golvents 1f in
ghe course of fermentation different steroid by-productsa
are accumulated the puritication way te performed by
fractional crystullication or chromatoyrophy, respect-
ively.

In cases whon after conversion the mair part of
steroid 1ie precipitated in the broth, it may te filtered
togother with the cells. It is reasonable to saturate

broth with ealt befere filtration to diminich the solub-
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1lity of the steroid. The steroid -containing cell
mass 18 dried, extracted with an organic solvent and

purified as described above.

Production of microbial enzymea

Prior to the development of sterile fermentation
tochnigues, all onzyme compounda employed in therapy
were of animal origin. Recently, a great number of
digevtive enzymoy are produced by fermentantion pro-
cesact for therapcuticul purpoeen, In formentstion
technclogy - as it wap stated in the Introduction - the
pharmaceutical industry cen provide the most skilled ex-
perta, therefore, as an additionul rdvantese pharmas
ceutical industry producen cnzymod in large--scaela
volunca by verious fermintatiosn tcchniquoa for olner ir-
dustrics us well (food, detergent, leather;, ¢textile and
paper Industries).

For enzyma production a groet variety of bacteria
and fungi furniching hich yiclcs arc used and ensymes
of tho grentoest industrisl intervot are the oxtracell--
ulax products of theee microorgrnisms.

Presently, enzynes produced for commercial scele
are the followirng: with the aid of bacterie, o~amyleze,
neutrnal and alkaline protcase (alkalise) and lipasc.

Enzymes producad by fungl: o -nnylese, anyloglucosidese,
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proteane, lipcoe, collulese, hemicellulassa and pectinase.

Fexrant2tion processan for the production of en-

[ ot

gyman, Microorganisme used for the production of the
ahove linted enzymoe are producod in fermontors under
aterile conditions eup.oyed for antibiotie fermsentation
procencen. The composition of wedia 18 murkedly differ—
ont in the cuana of varioua microorganinma. Rutrients
used for optinum production mugst be empirically eo-
tablished for each microbial systeae In the first phase
follo.ing dncculation, the micvoorganisms attain ra-
pidly sutficient growth, in tho asecond phaee {ollowing
growth the bjoayuthesis of the extracellularly produced
enzyma Govelonte

After hnving achieved maximwa enzyme levela, ticro=
binl eelin . oeparctod from the mash by filtration in
the cnse of iungd or by contrivugetion in the ceve of
buctoria) fernuninticie

Cepared woAnetpYoe of (NuvrT TeOVCT T rnd purls

g et e Bl e st -, -

fie~vdtoro Sinue tha cnrynes wre pratein-1like compcinda,
jrazedwe 1 g orally vred for protein purification may
ba wiorca foo engyue recoverve thoy ave i2id= £0d al=
kaline=)ubile wabeiuncsz, generully cencitive to heat «
Mopt any-.:: of nduptricl irporirnce ere racovayxed

githar ¥~ pres.pitetian or by adsorption teehniques The

obtaivsd ferv omiatt n broth is concentreiod by evapor-
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ating it with vacuum, From the thugs obtainod solution
the enzyme 1s fractionally precipitated, while cooling,
by the aid of a"moniumaulphate or organic volventa (e
thanol, ethanoX and acetone) at plg of optim.z stabit-
Jtye Tho obtuined drled pracipitete con directly le
vsed for inductrial purposes. Componenta for thern-
peutic uvae vust be expovod to furthear purifization.

The «ther processing posoibility ie as {ollowao:
To the foitered formentuti o broth .l deoruent
capable to nird protein i nddeds After £1Ytintion the
adsorbed protein 3: eluted by an aqueove pgalt colution
of definnd coacentrati n s pil valuo. Where cnizynen
of high purity are required the corcentrated olnate

may be eutb jectoad to furtner fractional precipitation.

Marketing of by-projucta

The different precessco of the fermentation in-
dustry furnish aeveral by -.prcducte utilizable us fend.
stufigo Thus in metting up the plant, the nsale of there
by-products nuet be {numediutely provided fowx. The
lnrgest amount of theee by preducts in furni:led by the
filtersdl call mugs, which contalna — in the cace of

antitictie fercentatione - uppreciable anmountg of the

respectivy eatibiotice, a variety of vituming (from the




vitamins the quantity of vitamin By, has to be taken

mainly into consideration) and very valuable pro’eins.
It is desirsble to provide facilities for the drying
of these by-products nnd, - consideriry ite aciive o=
terial content - for its application ne feadstuff.

The antibiotice which huave proved to be usofaul as
feoedstuffeo ures penicillin, tetrecyclir.os, furthermore
the by-prolucta of vitamin Bys, = productions nthaorwiae
unfitted for human clinical purposes - nay aleo be

utilized similarlye.

Economic espects of the major

formentaiion processcq

The production cout seveloped after the construci-
fon of the fermentation plunt 1ie influcncod to a high
degroe benides tachnolopical purunuetorn (ferucntation
voluma, output of procesoesn caployed, concentration of
ugeful producte at the end of tormontation), by local
raw materinl, employment consitiona, us much as taw=
and customs -regulutione of the recpoctive ctutcae resed
on these, informative economlc celculotiosng maoy be
aocompliched, which are to be dononstrated in the ocase
of one of the wost important antibioticy tetracyclina

or oxytetracycline,
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In case the proposed 200 tons fermentation plext
manufaocturee exclusively tetracyclines, the followiry
output may be expected in one year. At continuoua i
mentations 330 working days may be calculuted, thur tie
production hours amount to 7.920 hr/yeam. A single -y
mentution period laste for 150 hr, theoretically 52
batchom oay be expected in euch fermenior. Considering
the different techn'cul 2171 ultiem u totnl of 45
batches may be calculatad for, whilch meana 45 x 200 c¢ie
me i+ @6 9,000 cuem. If nvernye fermentaticn yleld Juo
12.000 pg/ml and the outpul smounts to 707, the plev:
way punufacture 75,6 tone of tetrucycline. Jte agpro §--
nate world musrket price 1s U dollara, thua tha prodaz?
ion value uay uLount to dedfHt.GUU dollara.

""""‘(‘TQ i

Jrreeted production couts, Calculated for one

cubic moter Yermentation Lroth:

vow Duteriol (culture moadie ard

prvcesting coute) 45,00 dollcra
salaries, 30 hra 1l £/hre 30.09 -
power (700 klh, 0,05 Z/kWh) 21.00 ™
8teriy, 3,0 tons 570 bt
wator 15C cuem. (0,04 F/cue.me) 6,24 %™
totals 105,94 Aol it

(Saleriam, electric pomer, steam nznd water consuanpiion

wag calculates from the date of the secound purts]
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In the case of an output of 704, 8,40 kg tetra-
oyoline mey be in one cubia meter fermentation broth.
Thua the pruduction coet of one kg product amounts to
12.6¢ doilars.

Overtead expennaes anssumed to be of 25%, furthermoxe,
amortizetiun and the varicus taxea have to be edded to
this value.

The data of the study prove that 50% of the overall)
price of feruentation product are ener, vy, power and go-
lary expensen. This 1is a comparativaly constant value
and indepondent of the quality of the ;roduct., The coat
of raw nuteriule depending on the produvotion techniques
hod compucrutivaly Iittle inflicnce over the astnblirhei
price, it auy vary botween 40 - 40 F pro fermenteticz ia
tha produciion of a great variety of sulstancen,

Based upon the abova data, Talle 2. sumrucives the prico
of ponicillin G, stroptomyctn and vitemin By, vonpared
to totrecyclive und to world market pricec. (Table 2. is
to be found tn the uddendum.)

(It 1r to be noted that beosuse of the anscroh fopr-
wentation tecinique, vitamin 812 hae extremely low powax
reguirasent: 100 kWhL,/cu.m. was calculated.)

The ebova scheme may be applied to the calculatics

of production cost of any antihiotie, No great misinke

s corwitted 1 100 - 130 dollara/cy.n. cost ie caloul-
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ated for a fermentation period of 140 hrs.

The decv«cie of fermentation period followed by
the s!cultuuscun diminishing of power requirement can
conaidrrabl; reduce the production cost of antibiotic

produced in on¢ cubic meter.

L X N 4
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Table 1,

Important products of pharmaceutical industry

Groupa of products Nane Date of Comments
discovery

A. Antibiotics

I. Antibiotice active
againat Cram-po-
8itive bacteria

l. Penicillin und
cophaloaporine
derivatives Penicillin-g 1929 potassium sult,
price 18 g/vnu
used for a:lual

feeding

Penicillin-v 1948 potassium u:l%,
price 20 g,/ ':1

6-aminopenicil-

lanic acid 1960 produced of rani.
cillin-G, be.iq
proauct of mepie
synthetiae pani-
c¢illine

Methicillin 1960

Naficillin 1963

Oxacillin 1361

Cloxaciilin 1961

Dicloxacillin 1963

Ampicillin 1960 it has wide-range
8pectrum

Carbenicillin 1967 » "

Cephalocporin C 1556
Cephalosncrtdine 1961
Cephalotin 1962
Cephalexin 1968




Groups of productn Nane Duto of Commeonts
discovary
2. HMacrolides Erythromycin 1952 Price 180 g/kga.
Olecandomycin 1954
Carboumyci:. 1952
Leuconmyei 1953
Spirumyocis, 1954
Je Ot
antibiotics Novobiocin 1955
Vancomycin 1956
Lincomycin 1962
Chlorlincomycin 1967
Fusidic acid 1962
Pristinamyoin 1960

II. Antibioticae with
wide-range spcctrum

1, Tetracyoiines Chlortotracycline 1948 uged for animal
feeding
Oxytetriécycline 1950 Prico %0 I/kg
Tetracyciine 1953 N
bemothylci)or.-
totrurycline 1956

dothacycline
Doxacycling

2+ Vater-soluble
basio anti-

biotioce Stroptomyoin and Price 23 Z/kge
Dihydrostreptomycin 1944 v 28
Neomycin 1949 1
Purononycin 1958
Kananycin 1959
Gentamioin 1963

III.
Antibiotics active
ggalnot Cram-nee

gative bactleria Polymyxin B 1947
Colistin 1950
1Ve Antidbiotics active
againot T8 bacteria  Viomycin 1951 Price 220 Z/kg
Capreomycin 1962
Cycloserine 1954

Rifunycine




Groupa of products Name Date of Comments
discovery
Vo Antifungal anti-
biotics Nystatin 1951 Price 53 J/Bou
Amphotericin B 1956
Candicidin 1953
Trichomycin 1952
Haaycin 1960
Griseofulvin 1339,1958 Price 80 H/kg.
VI. Anticarcinogen
antibiotics Actinomycin D 1953
Mitomycin C 1956
Chromomycin Ay 1958
Olivomycin 1962
8treptonigrin 1960
Daunomycin 1965
Bleomycin 1965
VIl. Antibiotiocse
applied locally Tyrothricin 1939
Gramicidin 1939
Xanthocillin 1953
VIII.Antibiotice
applied for other
purpomen
le Andnmal feedings Bacitracin 1945
Moenomyc in 1964
2 Plant protect-
ing agents Blasticidin § 1958
Cellocidin 1958
Polyoxin 1966
3¢ Food--induastrial
preservatives Niein 1946
Subtilin 1946
Tylosin 1961
4o Antibiotice used
for other
purposas Hygromycin B 1958




Groups of products Nane Date of Comments
discovery
B. Vitaning Vitamin B, 1949 Price u. cryst-
alline vitamin
glg_ﬁgl_ﬁgﬂa
Vitamin B,

C. gomponnds produced

oxidntion

D. Enzynes

Gibberellic acid

Hydrocortisone
Prednisolone

1952
1955

Protensen
Anylasesg
Anyloglucosidase
Lipuses
Cellulage
Hemicellulase
Poectinuse




Table 2.

kdd ez o

Cost of production in the case of moat important

antiblotics and vitamin B12

o

Permentation Coet of vna Amount of Produvet.
Product level CU.me broth isolntad ion
in g if suhntenae/ oo
mentation CucTe S
term Ju (with &
140 hr 704
yield)
Oxytatracycline ‘ n f Mo
orytetracycline 12.000 pg/ml 106 Be4 kg 12,61 jl/Fge
Pornicd114n-G .
potussiun nelt 15,000 U/n) 130 10,5 B 12,38 &, /Bon
Pevict1lin-V
poLeralvm snld 12.000 U/nl 130 Bod " 19,47 I/ Bou
Stireptonycin
be. & 10,000 ng/ml 110 7.0 %z 157V 8/%g
Neowyein bane 84000 fig/wk 110 5¢6 ¥ 10,64 /¥y
Ervihironyeln
baze 30000 i3/} 140 2.1 %3 6E.TD 17kg
Nyctetin 104000 U/l 140 Te0 B 20.00 #/Bon
Vitosin Bm* 30 miz/ul €Q 0 ¢ 3.00 ¥,
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