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ASSTRACT

Blank, Gregory. Ph.D.' The University of Manitoba. October, 1977.

studies On The Use Of SÐenÈ Termentation Liquor ¡'or the ProductÍon

Of Gentaolcin. Major Professor: Ronal-d R. Peleírâ.

Gentamicin is a wide-spectrum antíbÍotic produced frou severaL

specíes of microorganísms belonging to the genus gigrylqgg¡gIg.

Thls antibiotÍc was produced in a subnerged fermentaÈion Process

utilizing spent fernentation liquor obtained from prlnary genta-

micin fermenÈations. Calciun carbonate but not cobalt was required

as a necessary suPPlement ín Èhese fermentations in order to realize

optlmum yields of gentamicin. Fortifying the sPent liquor fermenta-

tion r{ith glucose and. yeast .extract did not appreciably íncrease the

y1e1ds of genÈamicin. StudÍes inclicate¿ thaË Èhe pll of spenr líquor

fermenÈations wâs aríEÍcal- in achieving maxirûum gentanicin yields; a

pII of 8.9 or hlgher, resuJ-ting during Èhe feïmen'tatíon process, in-

variably decreased the growth of the organÍsD and the accunulation of

gentamicln. Speû.t fermeflEation llquor obtaíned fron prinary genlaEi-

cin ferûenÈations was shown to inhibil the accumulatíon of gentanicin

in Èhe speûÈ liquor when eertaín levels of sPent Liquor were surPassed.

Batch fermentation studÍes lndlcated that sPent liquor was more

efflcient in producÍng geritamicÍn when êutomaLic PII control- was used.

Contlnuous fernentation Processes usÍng fresh ând spent 1íquor showed

lower yields of genÈamicin accuûulatlon than dld batch fermentations '



INTRODUCTION

The microbial production of antibiotics ís fast becoming a najor

industry. Since Èhe end of l.Iorld i,Iar II, the production of anÈibioti.cs

has radically changed the pharmaceutical índustry. The rature of the

operatíons carried ouE in this industry as well as the problems associ-

ated r,rrith handling, processing and disposal of fermentation by-products

has become very complex.

one particular problen, in this industry, is the disposal of fer-

uentation by-products in a manner that is economical- and efficient.

Large quantities of resídual Íraste consisting of mycelíum, extracted

broth and r,rash water from equípment contribute to a very high bÍolog-

ical oxygen demand placed on the environnent by these wastes, It

has been shornm, for example, thaÈ fermentaEion rÀTastes can contain

fron 10,000 to 50,000 parts per rrí11ion B.O,D. as contrasted to 200

Èo 300 parts per million 8.0.D. fron norural domestic or municipal

tr'astes (Fried and StockÈon, 1973). The probleur of effícíently and

economically removing these r^rastes is ímpoïtant, especÍally in the

industry Èoday, where more ând more constraÍnts are beÍng placed

upon the quallty of díscharge water.

The ratios of waste Èo producÈion, which are of considerable

importance in the fermentation industry, are difficult to eval-uate

especÍally in the antibiotÍc Índustry. A rnajor reason is the high

potency and small yield of the active product. Modifications in

the fermentatÍon process, which nay be of little significance 1n

relatlon to product yleld, nay be very lmportanÈ h'1th respect to

naterlal- concentratlon and recovery, and poJ-Iutlon control of wastes.

In thls study an attenpt has been ¡nade to evaluate the feastbíl1Èy
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of usfng spent fernenÈation liquor I,ríEh and without nutrient fortifi-
cation for the fermentative production of a wide-spectrum antibiotic
knorm as gentåmicin, produced by Micromono-spora purpurea. It rras

intended that this fermentation study be rnade wíth a representåtive

type of fermentation process so that it could be conceivably extended

to other types of similar fermentations vrhere the antibioEic produced

is largely confined to the nycelia,

The use of spent fernentation liquor for the additional production

of an active product would have the inÍtial advantâge of drastically

reducing the vol-umes of fermentation bïoth. Thís reduction in volurne

r¡ould not only ease the discharge waste problem but also increase the

efficiency of antíbíotic removal and purÍfícation. End products of

metabollsm, as well as accumulation of toxic compcund.s such as anti-

biotics will, no doubt present formidable probJ-ems. However, in an

age where fernenration technoLogy is advancing so rapidly, the prob-

lems presented should be investigaÈed if only for a better undeïstanding

of the interactions taking place during the fermentation process.



REVIEI"¡ OF LITERÂTURE

Antibiotics

An anÈibiotic is a chemical substance, produced by a living organism,

that demonstrates inhibitory or germicidal âctivÍty towards nicroorgan-

isns;þ vÍvo or ín vitro (PrescotE and Dunn, 1959). Generally, anti-

blotics inhibit the normal growÈh and cel1 clivision of organisms which

can result. in the complete autolysis of the cell.

The number and variety of secondary effects which can be exhibited

by the action of antibiotics is flequently associated r^rith the amount

of antibiotic admÍnistered, the tire of exposure and the amount âdsorbed

by the ce1-1. A1l these factors are greatly influenced by rhe sÈare or

condition of the organÍsm and iËs general environmenÈ.

Classification and Mechanisn of Attibiotic Action

No exact classification exÍsts for antibiotics. In general terms

they are divided eilher inLo broad or narro!ù spectrum antibiotics. In

some cases, they are classifieal according to their chemical- composition

or according to the fanily or genus narne of the producíng organisn.

In other cases they are grouped according Eo their host susceptibility,

that ls, antimicrobial, antivÍral and antifungal antibiotics.

Newton (1965), in describing Èhe mode of action of antibiotics,

has grouped the antibiotícs according to theÍr general rnechanism (Table

1). Additional informarion is furnished by Schonfeld et al. (1971),

Barber and Garrod (1"963), corrlleb and Shaw (1967) and Berdy (1961).



Table i-. Types and ¡node of actlon of 6ome antiblotics'

General mechanism

Inhibítion of cell
waL1 synEhesls.

Í

Interference ¡últh
cell membrane
permeabilíty.

Antibiotíc

Penl¿'111ifl

Cycloserine
(oxarnyc ln)

Griseofulvln

Bacítracln

Novoblocin

Vancomycin

Rlstocitln

Tyrocldln

Mode of actlon

Blocks some stage ln Èhe
biosynthesls of the cell
waL1 mucopeptlde.

A sEructural analogue of
D-alanine.

Interferes r,rlth the
synthesls and organlza-
tion of the cell walI
membrane.

Changes the strucLure of
ce1I urembranes and hence
specific permeases. Thls
câuses interference r¡ith
anlno acíd and sugar trans-
porL.



Table 1. (continued)

General Íiechanism

Uncoupling agenÈs and
inhibitors of electron
transport.

lt

Antlblotic

Grar¡ic id ln

Polynyxins
(circulin,
colLetin)

Polynes:
(-nystatLn,
filipín,
condicídin)

Antftnycln A

Gramlcídln

Mode of aclion

VaJ- lnomyc in

0ligonycln

Streptonycin

Causes a rapld leakage
of int.racel-luLar con-
stltuenLs.

BLocks electron transport
chaln speclf Lcally between
cytochromes B and C.

Inhlblts phosphate uptake
and causes uncoupling of
oxÍdatíve phosphorylaEion
in mÍtochondrÍa.



Table 1, (continued)

General mechanism

Chelation and inhibitíon
of metalloproteln
synËhesi.s.

It

ll

Inhibitlon of puríne
and purine nucleotíde
synthesis.

ll

AntibioÈic

TeÈracycline Antibíotics have an affiniÈy
for metal-1ic cation6; these are
impottant in enzyme activat ion
â,nd mai"ntenance of cell in-
tegriLy such as ribosomes.

Streptonycin

Usinic acÍd

Aspergil-lic ácid

Novobiocin

Azåserine

DON

Cordycepín

Halacidin

Mode of 4.ction

PsÍcofuraníne

Acts as an analogue of
glutamine.

Analogue of adeno sine.

Anal-ogue of aspartic acld;
lnhibits the synthesis of
adenyl-ic and deoxyadenylie
acid.

Structural- anal-o gue of
adeno s ine .



Tabl-e 1. (Conttnued)

General nechanlsn

Inhibltors of DNA

synthesís.

lt

ll

Inhlbitors of proteln
synthesis,

Antlblotic

Mitoßycln

Porflromycin

?hJ-eomycln

Edeine

Puro¡nyc ín

Mode of actlon

InhibiLs DNA synthesis bY
the formation of cross-
Llnks between complementary
DNA strands.

Bind ing of antibl-otic
Èo DNA pr imer.

InhlbÍts DNA polynerase '

Inhlbits induced enzyme
formation; blocks sone
stage i.n plotein sYnthesls
â.f ter Èhe formation of
amÍno acyL sRNA.

Blocks the transfer of
amLno aclds f rorn sRNA

to rlbosomes.

PreeiplEates nucleic acid
!n yj¡lo; ínhibits protein
synthesis 1n Y.Ûo.

ChloramphenicoL

Streptomycln
grouP :



Table L. (contlnued)

General mechanism Antibioric

(streptonûycín,
kanamyc in,
neomycin,
vi.omycin,
paromomycin,
strepÈothrincj.n)

Tetraeycline
grouP :

( chlortetracycl-ine ,
aureomycín,
oxtetracycline,
terranycin)

Mode of ac t ion

Inhibits enzJ¡mes; chelating
agents,



Bacterial Resistance to. Antibiotics

Bacteriâl resistance to antiblocics is a phenomenon well knoç'n

buÈ not well understood. Many bacterial specíes appear to be un-

affected by Èhe action of antibiotics, either through a naturâl or

iircluced nutatlonal process. AntibÍotics are basicalLy inhibitors;

their siÈe of action may vary' and their method of inhibition can be

explaineal by their Ínteraction with a specific cell component such

as the cel-1 rral-L or cel-l menbrane'

Gale et aI. (L97 2) has explained bacterial resj'stance to anti-

biotics bY four main methods:

Cl) Modification qf the Antibiotic Target' In this case the anti-

bÍotic target is rnoclífieil so that it beiones insensitive to the action

of the antibioËic' yet is sÈill capable of carrying out its metabol-ic

functions ' The najority of targets in microbial cells are the enz)¡ües

associaEed with the various cellular functions; in most cases Ëhe anti-

biotic interacts r^rith Èhe active site of Èhe enzz)¡ne. In these casesr

Èhere 1s a comPeÈition betl,æen Èhe antibiotic and the normal cell

enzyse substrate. The affinity of the åntibiotic rel-ative to Ëhe

celi- substrate must be very high if any antibiotíc âcEion is to

be noÈed. However, in those cases where enz)¡me mutations occur' a

sodified gene nay be produced which shows a lower affinity for the

specific anÈibiotÍc; consequently' the antíbiotíc cannoÈ compete

actively wlth Èhe cell enzyme substrate'

(2) Realuction ln Èhe Phvslological ImÞortance of the Targets' Certaln

lnhibitory grorÀ'th mutâtLons may be by-passed by adding the product of

the lnactfvateal biosynÈhetlc Pathr'Iay to the growÈh medium' Sinilarly'
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chemical inhibition of certain enz)¡nes ín the bacterial ceL1 nay be

by-passed by an exogenous supply of the product to the path!ùay. The

net effect is a reduced physiological need for the ínhr'-bited pathÌray.

(3) Prevention of Access. Bacterial resÍstance nay arise by the

estabLishment of a permeability barÌier against an antibiotíc; thÍs
rrnolecular overcoattt could prevent the buil-d-up of sufficient amounts

of antÍbioÈic wlLhin the ce11 to ' cause inhibition,

(4) ResisÈance bv Inactivation.. Bacterial resistance to antÍbiotics

by inactlvatÍon can occur in tûro nays: (a) the antibioÈic is destroyed

by the openi-ng of one or ltore covalent bonds 1n its strueture or (b)

the anllbiotÍc ls inâctÍvated by the substÍtution of cheu¡ical residues.

The speeific nechanisns ¡¡hich can cause antibiotÍc inactivation incl-ude;

anÈibíotic-destroying enzynres 
"rr"n "" Èhe /-lactamases (pen j-cillinases

and cephalosporlnases) , r¡hich are Ín essence peptldases acting on

specific pepÈide bonds of antibiot.ics; adenylation enz)¡nes, which are

specíflc for onJ-y a små11 portíon of the antÍbiotic molecule, that is,

adenyl-ation of the OtI groupings ln some amÍnoglycoside antíbiotics;

and phosphorylatíon enz)¡mes. Tr¡o dístinct phosphorylatÍon enz)¡mes

are knornm, both of r{hich are R-faclor mediaÈed. R-factor or resj-stance

transfer factors are genetic structure.or sex factors which carry spec-

ific" separable deterninants of Íesistance to as nrany as four dífferent

anÈibacÈerial- drugs (Ilayes, J.965¡ Snith, J_969). The first enzyme åcts

agaj.nst streptonycin a1one, and Èhe other, against neom¡zcin, kanamyc in

and those gentaroicin componenËs thaL cêrry a 3t - OH group Ín the sugar

ring (Ðavies et a1., 1969). In addÍtion, acetylatíon enz)¡nes r,rhích can

acetylate the free -NE2 group of neornycin and kanomycin can also acetylat.e
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the free -NHz groups of the gentamicin components, although this does

not inevitably inactívate the molecule as an antibiotic (D¡rvies,

l97L). The study of adenylation, phosphorylation and acetylation is

rnore complicated wíth gentamicin since it is actively composed of at

least four componer.Es. Franklin and Snor¿ (1971) indicated that resis-

tance of the aninoglycoside antibiotics' Eo which gentamicin belongs,

by gram-negatíve bactería bearing the R-factor' is due to enzymat ic

inactívaÈion of Èhe anÈibiotic.

Uses of Antibiotics

The value of antibiotics ín the treatmerit and prevention of

infectious diseases of man, and the impâct they have had on public

heal-Èh is r,rell knor¡rn and comonpJ-ace. AntibioEics, however, have

ûot only been â great gift to medicine PgI 99, but al-so a great gift

to manrs abilíty to feed both hinself and his livestock. The more

recent uses of anÈibiotics in agriculture and íts related fields

further demonstrates the ubiquity of antibiotÍcs ånd their Potential

uses .

Antibiotics are used to Proüote the gror'rth of pigs and chickens, to

prevent spoilage of vegeÈables and sea foods, to delay deterioration of

beef and even Eo preserve food by lhe incorporation in Ehe ice used to

chill iÈ (Pramer, 1955). Much of the currenË understanding concerning

protein synEhesis and other biochemical reactions' such âs enzyme

regulation, is due to the use of sPecifÍc investigative antibiocics'

Molecular biology, and all 1Ès related disciplines, utÍlize antibiotics

for Èhe illurninatlon of a varieÈy of intrlcate mechanisms.
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Mlcromonospora and the AntibioÈics

The genus Mlcromonospora, 1n the faEily Actinomycetales (Table 2),

has been extensively reviewed taxonocically by Luedemann et al. (1963,

1969), Waks¡nan (1961) and l"Ieinsrein er a1. (1967). Several speciäs

in thÍs genus have been shor,m to produce a variety of antibiotics,

some of whi.ch are chemícally related. Some of the more ímportant

antibiotics isolated fron this genus include:

(1) Verdauricin. Verdamicin i.s ¿n aninoglycoside antiblotic produced

by M. grisea. This Ís a compound krhich consists of at least one

sugar component to !ühich is aÈtacheal one or more amino groups; the

sugar component is j oined. to another fragment through a glycosidic

linkage. The active fermentation product, found boËh in the fetîen-

tatÍon broth and in lhe nycelÍa, consists of two major antíbiotic

components. One of the ccmponents r¡as named verdamicín, ürhíle the

other component shohTed hydrolytic paÈterns sinilar to the åntibÍotic

sisonycin. The lattet component raras later shorün to be ídentical to

sisomycin. Verdarnicin is a broad-spectrum antibiotic, especially

active against Pcê,rrl.rm^ñâs species (I{einsteln et a1., 1975).

(2) Sisomycin. Sisornycin is a broad.-spectrum, anínoglycosÍde åntÍ-

biotic produced by M. invoensis. This antibioÈic has an i1r yitro

spectrum similar to gentamicin lrith â potency equal to, or tlrice Èhat

of , gentarnicin against Pseudomonas (trlaitz g 4., 1970). The anÈ j.biotlc

1s. substantially produced as a single componenÈ under aerobic, subrnerged

fermentation conditj.ons (I,Iagnan et å1., 1970). Welnsteln eÈ. al. (1970)

reported that the antibiotic contains 2-deoxystreptamine ancl resenrbles

SentamÍc1n components Cr^. IÃr vítro studies ürlth sfsomycinla



TabLe 2. Mlcroblal sources of some åntibiotics.

Eubacteriales Actrl
Bacillacea SÈreptomyc etacea

tl
Bacillus StreDtomycetes Mj,cromonospora

colynycln strepto¡lycin (rnicrocin)
granicidin tetracyclines (micromonosporin)
bacitracin chloromycetin everninomicin
polynyxins neomycin GEI{IAMICIN

erythromycin
kanamyc in
1ínomycin

I

I

l,fonilailes _ _
I

I
Aspergil-1acea

I

I
Penicilliurn

peniciLlin
grÍseofulvin
funagÍllin
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have been repotted by Crowe and Sanders (L97 3) '

(3) Megalomlcin. Megalonicin is a macrolide antibiotic cornplex

ísol,ateil from two strains of M. megalomicea. Macrolide antibiotics

contain a Large lactone ring consÍstitg of 12 to 16 carbon members

havíng few double bonds with no nitrogen atoDs; moreover ' the ring

is substltuted with one or more sugar residues, some of which may be

aninã sugars (Gale gt aL-, L972). The antibiotic complex consisrs

of four cornpounds or coúPonents designated as A'B,C1, ar.d Cr' Like

oÈher macrolides, it vas shoHrl to be pri.marily actíve at an alkali-ne

pH. The antíbioËic shows only míninaI activity against grâm-negative

bacteria. Studies perforned clearly Índicate that the antibiotic

is a novel deosamine containing nacrolide (I{eÍnstein et al.' 1968) '

The structure of the cornponents making uP the lnagalornicin conplex

have been investigated by Jaret et a1. (1973)'

(4) Everninomicin. Everfiinomicin is a solverit-extractable antibioÈic

complex Èhat acts against glaB-negative bacterÍa' It is produced by

M. carbonacea gg. n. The complex, which consists of five components '

¡¡as found onJ-y in the broÈh filtrate and not in the rnycelíurn (Wagman

et a1., 1964). The components referred to as A,B'C'D and E can be

separated by adsorPtion chronåtograPhy' Everninomicin D r¡as found to

have Èhe highest specific acÈivity when compared to the other compo-

nenÈs. Degraalation studi-es have lndicated that the derivative of

everninl-c acl<l is an imPorÈant consÈitueût of at least ÈI.'o of Èhe

components naklng up the comPlex (I'¡einstein eÈ 41.' f965b) ' 1¡g purifi-

cation and biologícal sÈudies of evernlnornlcin have been performed

by lùelnsÈein et 31. (1965b), while the raxonomlc studles of the Þroducing
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organisn have been studled by luedemann and Brodsky (1965).

(5) other Antibiotics. other antibiotics produced by the genus

Mícrononospora include rosamicin, produced by !. rosaria, a macrolide

antibiotic (Crowe and Sanders, 1974; Rejmann and Jaret, 1972), haLo-

mycin and antibioÈic 460, produced by M. halopvtica and M. chalearre-

spectively. In addition, ít has been found that a species of Micro-

monosÞora was capabLe of producíng neornycin, hítherto produced only

by Èhe Streptomycetes. This antj-biotic produced by Micromonospora ¡¡.

69 - 683 was shor¿n to possess similar biological pïoperties to Ehose

of the neomycÍn produced by Streptomycetes (!ùapan et aI., 1973).

Mícromonospor in, discovered by l{aksnan e! al. (.1967), is perhaps Ehe

fírst antibioÈic isolated from thÍs genus. The antibiotíc r,¡as found

to be effectíve against gram-negaÈive bacteria.

Centamicin

Gentamicin ís a broad-spectrrm' basíc' rarater-soluble anEibioËic

mixture isolated fron several specÍes belongíng to the genus lticro-

Donospor¿r (oden et a]-., L964; Rosselet et al., 1963). The gentamicín

producing species are: M. purpurea (WeinsÈein et 41., 1963i Luede-

mann et a1., 1963) and M. echinospora jp. n., M. echinospora var.

n. palladia, and M. echinospora gg. n. ferruginea (Luedemann and Brod-

sky, 1965). All these species and varieties have produced gentamÍcin

ín subuerged fermentat ion conditions.

(l) The GentamÍcin Conplex. Initiâlly, gentamicin was consldered to

be a complex consj.slíng of two closely related comPofìents referred to

as -gentamÍcin CI and gentanicin C, (I,üeinsÈeln gt Ê-1., 1963; Kantor and

Selzer, 1968). Both of these trere establlshed as being pseudo-ollgo-
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saccharides (Rosse1eE et al', 1963) ' It rdas also shohtn Eh¿ìt lhese

organisms produced additÍona1 basic subsEances v/ith broad-specÈrum

antibiotic acÈivity and a mycelial pigmenE which possessed activiEy

against gram-positÍve bacteria (lleinstein et a1',1963)' These addi-

.tional, basic antíbiotics have since been referred to as gentamicin

A and gentamicin B (I{einstein e! al.' 1965a) '

.It has now beerì reported Èhat M' pullurea produces a gentâmicin

complex consisting of three antibiotic comPonents designated t" Ct'Cl.

anil g^ (Weinstein et a1., 1967) ' LaEest reports índicate that an
2-

adalitional arninoglycosicle antlbiotíc is also produced as a minor com-

ponent in gentâmicin fermen|ations and ís temporarily referred to as

Sch. 14342 (Waitz eÈ aL. ' L972).

The mÍnol, co-produced antibioÈics, known as gentamicin A and B

(I{agnan and Bailey, 1968), have since been charâcterized as consisting

of at least four related antibiotics indentified as A'B'Bt' and X'

Separation of Èhese comPonents' using Paper or Ct'tot¡P chroma.ography

in various solvents, has been reported by lJagrnan * 4. G972). Their

chemical composÍtion and Properties are given by Priee et al. (1974)'

(2) Physical antl Chernical Properties of the Gentamicin Complex' The

genLanicin C complex' produced by M' purpurea, is composed of Èhree

components: Cl, Cl" and Cr' These comPonents are classified as meËhyl-

arninoglycosides, and with Èhe following strucÈures (Lee et al' ' 1973;

Cooper g.E g-l- ' 1969) :
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purpurosami"ne

gentamicin 41"

ll¡
"2

tt cl

2- deoxystreptamine

IIH

G3 1I

a*3 c"3

garosamine

H3c

The components making up the complex, í.e', Cla' CJ and Cr, are

found in approximately equal proportions; Ëhey contain the amino sugar

deoxystrep tamine, and Èvro addÍtÍonal amino sugars' purpurosamine and

garosamine. The difference in the three gentamicin components reside

in the presence and number of rnethyl groups attâched to the carbon 6

of the amino sugâr purpurosamine, Í.e.:
RR'

GentamÍcin ís disÈinguÍshed from other chemically related antibi-

otics i-n the same farnily by its paper chromaËogråphy Patterns (Rinehart,

1964). Chromatogïaphy performed by WeÍnsÈein eg a.L. (f963) showed thal

the genËamÍcin complex moved as a single entity. Paper chromatographíc

resoLution of the acid hydroLysis products of gentarnicin when compared

to products of other sinilar antibioËics índicated differentiatíng nin-

hydrin-positive components.
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The antibiotic has a molecular Ì¡eíght of 543 and is extrêmely

soluble in l,¡ater and polar media such as pyridine and .1imelhylífor-

rnaúide, The activity of gentamicin is not significanËIy altèred l,¡hen

an aqueous solutíon of the antj.bÍotic is subjected Lo a temperature

of L00"C for 30 minutes through a pH range of Z to 12 (Luecleurann

et al., 1963). Gentamicin, beÍng a moderaLely sÈrong base, forms

salts with any strong organic or inorganíc acid. These salts are

exÈremely r{ater soluble; the most common salts of the antibiotic

are the hydrochlorides and the sulfates.

A rêcent pubLication by Wagnan et aI, C1975) reported thaL several

aninoglycoside antÍbiotícs, incLuding gentanicin, could be absorbed.

by various filtering agents. Thirty to one hundred percent adsorptíon

of the anrinoglycoside anfibioËic te ceLlulose was observed, the percen-

tage adsorbed being dependent on the raÈio of adsorbent to antibiotic.

It rn'âs aLso shown that the toËal quantity of adsorbed antÍbioËíc could

not be removed by acidification. Gentarnicin was also adsorbed onto

diatomaceous earÈh and SeiËz filter sheets. The datâ presented Índi-

cale that unless extreme care is taken to evaluaLe results properly,

effors in reportíng the antibiotic titer may arise through losses of

the aniibiotic adsorbed by the various filtering agents.

(3) Biological Propertíes. GenLamicin is a eomplex of antibiotÍcs

belongíng to the z-deoxystrepramine fanily of antibiotics (Schaffner

et al., 196rr). The amino sugar, deoxsÈrep tamine, is common to genta-

micin, kanamycin and paromycín; however, the t\,\ro additional anino

sugars appear to be unique to the gentamicin complex (I,teinsteín et al,,
t967) ;
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GentaEicin is classified as being a nride- or broad-spectrum anti-

biotíc; in addition it possesses a r,7ide anti-r icket t seal spectrum. It

effectively inhibits the growth of Staphylococcus aureus and Klebsiella

pneumoniae. It has been used for the treâtment of cattle flasÈitis,

and as a chemotherapeut ic agent for a wíde varíety of microbiâl host

infections caused by gram-negaËÍve bacteria, such as urinary infectíons

brought about by Proteus gg, and Pseudomonas ¡ip. (l-uedernann et a1,,

1963). Gentamicin is the only broad-specÈrum antíbiotic that shor^rs

signÍficant a.ctiviÈy against strains of Pseudomonas, Proteus, Staphylo-

coccus and SÈreptococcus (lleinstein et al., 1963).

The data presented by tr{einstein S! al, (1967) indicate no detect-

able differences in the biological activitíes of the components making

up the gentamicin C complex. I^Iagman et al. (1968) reporËed these same

results. I,IiÈh other anËibiotics that contain deoxystreptamine, however,

biological dífferences have been reported betrnreen various components,

such as kanamycin A and B (Umezawa, 1964), and beÈhleen the neomycins

A, B and C (I{aksrnan, 1958),

Waílz el a1. (1970) reported that sisomycin, an aninoglycoside anti-

biotic, showed a sirnilar antibactería1 spectrum to that of gentamicin,

both in glp and in vitro. Verdamícin, another arninoglycoside anËibioÈíc,

also possesses a spectrum similar to gentamicin, although it does exhibit

a higher activÍËy against Pseudornonas !p. (I,Jeinstein et al. , L97 5). Table

3 shows a comparatÍve spectrum of Èhe knorn¡n aminoglycoside antibíoËÍcs;
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it should be noted Èhat for all bacterial specíes lisÈed, genEamÍcin

sho!,7s the best activiÈy (Garrod et al., 1973).

(4) Mode of Action of GentanicÍn, Studies perforned by Eahn et al-.

(i969) and Milanesi and CLifferi. (L966) indicaÈe that rhe rnode of

å.ction of gentamicín is símilar to that of streptomycin and other

aminoglyeoside antibioEícs. Studies perforned by these groups have

shor,rn ÈhaÈ gentamicin effecÈively inhíbit.s the uptake of CI4 - labelled

phenyl-al-anine and lysine into the protein of g. -coli, Gentamicin

generaLly ÍnhibÍLs protein synÈhesis with a bacÈeriocldal effecL as

opposed to other antibíotics, such as chloramphenicol, which also

inhibiLs proteÍn synthesis but wÍth a bactelioståtíc effect.

Ðavies (1971, 1969) has Índícated that gentamicin.acts by lrre-

versibly lnhlbÍtlng protein synthesis in susceptible cel1s. Specif-

ically, genÈamieÍn acts by binding to the 30S ribosomal- subunÍt, there-

by interfering with the funcÈions of thê A siLe on the rÍbosome. This

ís also Èhe case r,rith kanamycin, neomycin, paromonycin, nebramycin

and streptomycin.

Fermeútàtion Productlon of AntibÍoLícs

one of the first antibiotics produced on a eom'erclal scale r¡as

penicillin, discovered by Flening kt 1929. tr'¡1th thè âdvent of the

Second l.Iorld tr{ar, the need for íncreased amounts of antíbiotic prompted

Èhe establishû.ent of co!0mercia1 fermentaÈion plants producing feasibl-e

amounts of antlbiotlcs. The initial Èype of fermentaLion procedure

used was a surface culture neÊhod. The procedurê used a sterile con-

talner whi-ch could provide a shall-or,¡ (2 cn) layer of medium. fhis

l-ayer of nedium r¿as inoculated by spraying aqueous suspensions of the
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spores ÍnÈo the con¡ainer or by slnply adding a few nil-1iliters of

the spore suspenslon to the conEainer from a pipette' After incuba-

Èion the containers vrere enPtied and the broÈh collected after it

had been separated fron the vegetative rnold (Sylvester and Coghíll'

Lg54). Specific p:oblems, oËher than low yields of antj'biotic' Ì¡ere

encountered. The maintenance of absoluÈe sterility was formidable'

unless the sÈrlctesE measures were taken to ensure sterile conditions'

contamínatíon woulcl take p1ace. This contamination could eventually

iflhibít or reduce the antibíotic ProducÈion as Intell as interfere \rith

the extraction ancl purÍficaÈion of the antibiotic'

Although nany different designs for fernentors are now being

used, most oPerate on a submerged fermentation technique ' The fer-

mentors are usually made of stainless steel r^tith caPacities in Èhe

range of 2 to 20,000 gallons and operaLe by a totally automated ' or

semí-automated ¡nethod.

GenËamicin Fermentation

GentamicÍn ís produced using an índustriâl, aerobic, submerged

culture method of fernentation. It enPloys suitable carbon and

nitrogen sources in adalj-tion to trace elemenËs and other growth pro-

notÍng agents. A ¿letailed descriPtion concerning the conmercial

production of gentamicin ís outlÍned by Luedemann et a1' (1963) and

Charney (1964). The ntnber of fementatíon stePs outlined by Charney

(ibid.) Ís believed necessary for a partÍcular enz)¡me to be synthesized;

thls enzyme ls believed to be a requisíte in the production of genta-

nicfn.

Sultable carbon sources for the productl'on of gentamicin lnclude:

maltose, soluble starch' glucose' corn starch, sucrose and dextrln'
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For con¡mercíal productlon, however, dextrose, dexErin and starch are

the maln carbohydrates (Luedemann et al,, 1963). Wagnan and l^¡ein-

stein (1966) reported varÍous carbohydrates which supported the growth

of M. purpurea. Maltose was shorrn to give the besE growth resulEs.

No mention as to the genEamicÍn titer hras report,)d, however. Growth

and gentamicin production r¡ere shor,rm to be unrelated. Abou-Zeid eL

al, (1974) reported that glucose as a carbon souïce gave maxima1

grorrth and antibiotic accumulat ion.

Severai nÍtrogen sources lnclude both organíc (soybean meal,

peptones, eÈc.) and inorganic (NHOt'lO,, NHOCI, NaNOr) sources, although

the most suiÈable sources for gentâmicin production were those of

organic nature. A comparison of the various media which contained

different nitrogen sources indicated that yeâst extract l^ras Èhe most

suitable for gentamícin accumuLation (Abou-Zeid et aL. 1974).

The fÍnal fermentaÈion stage described ín a paEent by'Luedemann

et a1. (1963) consists of aeroblcally fermenÈing a dexÈrose based

medir¡n at 35'C for 24 hours. The ferEentation vessel is aerated at

5 p.s.i. and l-5 cubic feet per minute. At the end of this period the

tiËer of gentamicín reached its peak and substântially renained con-

st-ant in the pH range of 6.6 to 7.0.

Included in the fernentation medium are CaCO3 and CoCI2, I,lagman

and lüeinsteÍn (1966) have reported Èhat the carbonate ion r,¿as a req-

uisÍte for the gror{rth of the organisrn. Peterson and Peterson (1954)

indlcated thâÈ Ln the production of aureomyc j:n, a L7" CaCO, solution

should be added to help nâlntal-n the deslred pH of the fermentation.

CaCo, also heJ-ped to increase the yields of antÍbiotlc slnce the cal-

cium lon reacted r,r'1th the antiblotlc to give a preclpltate. Thls
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promoted the productÍon of addltlonal antlblotlc. The use of CaCO,

is also lncluded in lhe productlon of leÈTacycl-ines, penicillins and

¡acrolide anÈibíotics (Hockenhull' 1963). Abou-Zeid et al' (1974)

reported that gentamlcin yLelds increased with larger concentratlons

of CaCorr reachiog their opt imum åt 1 gram Per liter. lJagman and

f¡einstein (1966) reported that the concentration of CaCo, in a sYn-

thetic fernentation mediuE t/as dePendent uPon the concentrâtion of

magnesium. This synthetÍc medium, however, ütas not used to produce

gentamicin quantitåtively.

Charney (1974) reported that the amount of gentamj-cin produced

by M. purpurea could be enhanced considerabJ-y by the addition of cobalt

into the fermentation medi¡n. The cobalt, being Ín the for¡o of a r,Tater

soluble sa1t, was effective io increasing the ant ibioËic Ëitre in con-

centratÍon ranges fron 2.5 x 10-9 to 1.25 * 10-5 gt.t" per Eilliliter.

Studies índicated that the cobaltic ion enhanced the Production of

gentamicin to a small-er degtee than the cobaltous ion. Abou-Zeid

et a1. (1976) recently reported the cobalanin (.Brr) had a stímulatory

effect upon ger¡tamicin accumulation. The specifÍc effects of other

vitamj.ns and trace elenents l¡ere also rePolted.

(1) ExtracÈÍon of Gentapic in from Myceliå. Reibleín et 41. (l-973)

found that the best method for releasing gentamicin bound to the my-

celiurn ças either acid or alkaline extraction. Extraction of mycelia-

bound gentamicin was poor as Lhe PH åPProached neuÈrallÈy. Both alkaLlne

and acid pH extremes were found to release Èhe majorlty of bound antl-

blotic. Ilowever, clear supernatants obtained after centrlfugatÍon r{tere

obtaÍned only wÍth the acÍd extracts. The alkaline exÈracts were very

turbld. Studies l"ndÍcated that acid extraction at a PII of 2.0 for one
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or more minuLes hras favorable for gentauricín release. Acid extracËÍon

also indicated no differences i.n the proporÈions of the gentanicin

components li.berated.

EarlÍer sÈudÍes, perforrned by Rake and DonovÍck (1946) with

streptomycin, indic¿Led that the addition of NaCl to fermentation

brorhs prior to sterílízation realized higher tÍters of the antibiotÍc
in Èhe fermentation broths. ReÍb1ein et â1. (1973) fegnd no such

effecÈs when Nacl- r¡as added to neuLïal- and acid extracts of genLamicin.

?erlûan (J-953) indicated Èhat rhe addirion of NaCL ro fermentarions

only effected the release of the bound anti.biotic f¡om the nycelj.a.

The overall effect, however, decreased the total amount of anti.bioLic

produced.

(2) IsolatÍon of Gentamicin frora Fernentati.on Bro¿hs. Once the peak

antibiotic tÍter has been reached, the !¡hole fermentation ís acidífied
Èo a plf of 2.0 ¡¡ith 6 N H2S04. The acidified broEh Ís then fi1Èeïed

Ì'rith the aÍd of celite srrp"r-c.l. The resulting clear, acidic filtrate
is neutralÍzed with 4 N NaOH; 1.56 kg, oxaLic acid per 1,.0 kg. of CaCO3

originally used Ín the fermentaËion med ir¡m i-s then ad.ded. to Èhe filtrare.
The pH is then adjusred ro 7.0 with 2 N NaOH. After a 12 hours aging

period, Èhe precLpÍtated calcium oxêlate is removed by filtration anal

the clear filÈrate purified by íon exchange. (Iigure L; Rosselet et

al., 1963; I,Ieinsrein gÈ al., 1963; Luedenann eL al., 1963; Schaffner

et a1. , 1964).

(3) Purlfication of the centanicin Complex. The clear filtrate is
passed through a co lunn conÈaining Anerlite IRC-50 (Na+). The iníËial
resÍn effluent is discarded. The resin ís Èhen washed. with 

'üater and



Figure 1. Isolation of genta.nicin fron feræ.entatLon brothe.
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the antibiotÍc mixture is eluted r^rith 2 N H2SO4. The acÍd eluate

is neutralized to a pH of 6,8 and treated wíE]n 7 O"Á sodiun0 dodecyl-

benzenesulfonaËe Csantomerse S) for complete precipitation of the

active material. The suspension is then st.irred for 15 mínuËes and.

filtered again r^'ith Celite. The filter cake is washed exhaustively

wÍth distilled raTater and aÍr dríed. The partially dried cake is ex-

Èrâcted with meLhanol. The methanol extracts are combíned. and passed.

through a 4015 anion exchange Amberlite resin coJ-urnn, in Íts OII cycle,

in methanol.

The basic eluate ís concentrated until a1l the methanol- has evap-

orated, leaving an essentially aqueous solution. The pÌI of the concentxa-

ted solution Ís adjusted to a pH of 4,5 with 2 N II2SO4. Then the solulion

is treated r¿i.th Darco-G-60 and filtered.

The cJ-ear, nearly coJ-orless filtrate is then added to 10 volumes of

methanol- whíle being agitated, and the precipitaLe, gentamicin sulfât.e, Ís
collected by fil-tration, washed and final-J-y dríed at 60.C in a high-vacuum

oven (Rosselet et al-., 1963). Another ÍsolaÈíon procedure has been de-

seribed by Luedemann et al-. (1963) Ín regard to Ëank fernentaEions usíng

500 gallon fermenÈaÈions. l,ee et al. (1973), working r,rith radíoactive

gentamicins, has described. an isolatíon methoal using A¡nberlite IRC-50
+

(NHO ) in å batch process, ThÍs nethod of Ísolation was especially

"oit.bI" for a large number of sma1l sarnples.

Other aninoglycosÍde anËibÍotics - neomycin, sisdrycin, and verda-

micin - are ísolated and. purified ín a similar manner (trIagman et al.,
1973; Weinsteín et al., L97O, 1975).

(4) Isolalion and Purífication of the Gentarnicin C Complex. The

gentamici.n complex, which is isolated by ion exchange chrornatography,
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conslsts of the gentâmtcin C comple* (C1, Cl" and Cr) and other minor

co-produced antibiotics. The puriflcatlon and isolation of the cornpo-

nenÈs making up the gentâmicin complex are largely accomplished through

paper and thin layer chromatographic techniques (l,Iagnan et a1., L968).

Chromatographic seF"ration, and bioassay of the genÈamicin complex,

have been reporËed by Kantor and Selzer (1968), and l{agman et al. (1968)

nho used a solverit system composed of chloroforn-methanol-l7 Z arnmonium

hydroxide (2:1:t v/v). Marquez S! e1. GS6S¡ described, in part, the

methods used for the separatlon of the gentamicin C components and dis-

cussed theÍr novel structures. The separation of Èhe C components has

also been deseribed above. 0den et al. (1968) give a detailed nethod

for the chromatographic bioåssay for the geûtamicin conplex.
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SCOPE OF INVESTIGATION

The purpose of this study was to investigate Lhe feasibility of

using spenË fermentation lÍquor, obtained from primary genÈamicin

fernentations, for the additÍonal producEj.on of the same antÍbiotic.

Thê primary objecÈives to be studíed in this investigation j-ncluded:

1. To use spent liquor obtaíned from primary gentanicin f ernen-

taÈions for the addítional- production of gentamicin.

2. To evaluate the paraneters of shake-flask fermenLatÍons,

Í.e., inoculum ]-evel, duration of fermentaLion, distributions of

gentamÍcín in nycelia and broths, effecÈ of cobalt and calciun car-

bonate, âccumul-ation of gentamicÍn and pll and other factors r.rhich

could ínfluence the opÈímum producti-on of gentamin in sPent 1íquor

ferloenËaLÍon.

3. To evaluate the beneficial effects of gentaaicj-n producÈíon

obÈåined through shake-fLask fernentalions, in baÈch fernentation

studles using a 14-1Ítêr fermentor.

4. To coûpare Èhe y1elds of genËamÍcin produced and the voh¡mes

of fernentatioû broth requíred in batch and coritinuous fermentaLion

aysLeús, ernployÍng spenÈ fermentaLlon l-iquoÎ.
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MATERTA]-S AND METITODS

Materials

The bactería1 culÈures used throughout this invesÈigation r,rere:

(1) Micromonospora purpurea N.R.R.L. 2953, Northern Regional Research

Laboratory, Peoría, Illinois, U. S.A.

(2) Staphylococcus aureus A.T.C.C. 6538P, A¡nerican Type CulÈure Col-

l-eetíon, RockvilLe, Maryland, U. S.A.

The nicrobiologícal analysis of gentamicin r,ras carried ouÈ by

usíng:

(1) U.S.P. referen"" 
"a"rrd"ta, 

gentamicin sulfate, Uni-led Ståtes

?harmaceutical Cormission Inc., RockvilJ-e, MaryJ-and, U.S.A,

(2) Grove and R¿ndall No. I and No. II antlbloti-c nedium, DÍfco Lab-

oraËory, Detroit, Michigan, U. S.A.

(3) Bacto concenÈratíon disks ( 4" - sterile bLanks)' Difco Laboratory'

DeËroit, Mlchigan, U.S.A.

General Analytical Methods

Nitrogen

Nitrogen deterrûÍnatlon of the fermentation broths was determíned

using a Kjeldahl procedure, perforned by Èhe Department of PIanL

Scienee, IlnÍversiÈy of Mênltoba. Prior to thê actual determinâtion of

nitrogen, the fernentati.on sanples were fi-ltered using a 0'2 ¡ Millipore

filter. The nycelia-free filtraÈe r'ras then ar,a]-yzed for nitrogen and

reported as mg/n1 Kj eldahJ- nitrogen.
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Calcium ã.nd Cobalt

Calciuu and cobalt were both determined by atonic absorpÈion

specËroscopy, performed by the Department of Plant Science, UniversiÈy

of Manitoba. ?rÍor to LheÍr actual- determinatíon, a r,ret ashing pro-

cedure was enployed to completely oxidize all organic naterj.al. This

r,ret ashÍng procedure consisted of placing 20 nl- of fi.l-Eered fernentatíon

broth Ín a crucible and adding 20 nl of concentrated nitric acid and

10 n1 of concentrated perchlori"c acid. The crucible r,zas gently heated

until the contents were evaporated to near drlmess. Further additions of

20 nL of concenËrated nitric acÍd ¡¿ere nade and evaporated until a cJ-ear,

lighÈ-colored solutj-on appeared (Parke'r, \972). The solution was Èhen

nade up t.o a flnal voLume of 5.0 nl with de-lonized "ater and further

dil-uted if necessary.

A Perkin-Ehner model 403 aÈoníc absorption unit r¡as ,r".i fo. th"""

analyses. Calcium was read at 422.7 n:n and cobalt r¡as read at 240 .7 m.

Cel-1 Weight

'The cell groÌüth of M. purpurea r¡7as determÍned as a change in cel1

r,reight at 1nËerval-s by determining the dry nycelía1 weight of the organ-

ism expressed as ng/m1 of fenûentation broth. Ten ní1li1iters of sampLe

broth rúês fil-Ëered using a 0.2y, 47 m Gel-man filter íñ associatÍon

rùlLh a Mlll-lpore filÈration uni.t. The f11ter was previously weighed

on an anaLytLcaL bal-ance after it had been dríed to a constant weight

in an ai-r oven at l-00oc. once the whole broth rn7as filtered, the filter

was dried in â sinil-ar fashion and reweighed. The dífference in weighL

was recorded as the nycelial weight.

To avoíd erroneous resul-ts in the calculåtíon of the mycelial

welghÈ, due lo CaC03 in the fernentation broth, 1.0 N licl vas added
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to the broth prior to the filtration step in order to ensure complete

dissolution of CaCO3. Methyl orange was used as the ind.icator to ensure

proper acid conditions ,(wagnan and trleinsteitr, 1966).,

Residual Glucose

Residual glucose r,Jas determined accord.ing to the Shaffer_Sonogyi

mÍcro method as ourlined Ín the A.O.A.C. (1965). A standard. curve,

wiÈh glucose concenËration versus ml of 0.005 N thiosulfate, was p1oËted

and used to deternine residual glucose Ín fermentation broths. Results

were expressed as mg/rnl of fernentatÍon broth.

A 25 nl fermentation sanple, diluted viÈh distilled r¿ater r¿hen

necessary' was mÍxed wíth an equal volume of 102 neutral lead âceLate

and made Èo å final- vol.me of 100 ¡nr with dÍsti1led r^raËer. The sanpl.e

üras then centrÍfuged for l0 minutes at 3,000 r.p.rn- (3,050 x g). ¡,ifty
¡nl of the resulting supernatant raras mixed. wÍth 12.5 ml of a 102 potas_

sium oxalate solution, The sample was once again made to a volume of
100 nl and sirnilarly centrifuged. An aliquot of this supeïnatanÈ wâs

used to determine residual glucose. Titration values r¡ere compared to

the standaid curve (Fígure 2).

Resídua1 Starch

Residual stârch !¡as deternined using an acid. hyctrolysÍs method.

$tarch concentratfon was deÈermined in terms of glucose concentratíon

by using Èhe glucose stândard curve. The glucose value obtained üas then

converted to sÈarch by the formula: h7Ë, of dextrose (mg/rn1) x 0.90 =

r'¡1. of starch (¡ne/nl) (4.0.A.C., 1965). The acid. hydrolysis rnethod.

consisted of rnixÍng a ten-ml fernentation sample rdith 20 nl of concen_

trated Hcl. rË was then nade to a voruue of 50 rnl lrith distilled r'ater
and refluxe<l for one hour in a 500-rn1 f1ât bottoÍt boiling flask. After



Figure 2. Standard curve for glucose: Shaffer-Sonogr5- nlcro method.
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acid hydrolysis, the contents of the flask k/ere neutïalized hrith 6

N NâOH and treated in a fashÍon sínilar to that described for glucose.

Concentration of Fermentatíon Broth

Concentrated spent fernentation liquor was prepared by freeze_dry_

ing; a Virtis Freeze-Mobile lyophilizer was empJ-oyed. Five_hundred_rul

batches of spent fermenËation riquor obtained from fermentaËíons at 96

hours were Millipore-filtered and Èhen evenl-y d.istributed in 250_m1

round-bottom flasks; each contained approximately 25 nL of fermentation
liquor" The flasks v¡ere partr-y irunersed ín liquid nitrogen and sr¿írled
constantl-y until- the contents had frozen as a fÍrm on the uralrs of the
fLasks. LyophÍlization was carrÍed out for 24 hours usíng â condenser

temperature of -40"C ín a vacuum of 100 nicrons of mercury.

The freeze-drÍed samples were then scraped Ínto crucibles and

ground into a fine porøder. The powder was stored in vials at _10"C

until used. The powder r{,as reconstítuted r^rith tap r4rater. A final
voLune of 200 rnl r^¡as made to contâÍn 25 yg/nL gentamicin. The hydrated
powder was sterilized by Millípore filtration using a 0.2¡ fÍlter,

GentamícÍn Assay Method

Test OrganisB

An agar-diffusion, disc-plate assay was used for the determiJration

of gentamicin titers Ín the fermentation broth, as outlined by oden et
al. (L964, 1968). Sraphylococcus aureus A.T.C.C" 653gp was mainrained

by weekly transfers to fresh sLanÈs of G::ove and Randall No. 1 agâr.

The inocuLated slants û,ere incubateð for 24 hours a! 35"C and then

stored at 5oc"
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Inoculurn Preparat Íon

A steríle slant of S. aureus was washed with 3.0 nl of sterile

0.85% saline. The cell suspension lras then transferred to a 500-ml

Roux boËtle sLant containing 100 ml of Grove and Randall No. I âgar.

The cell suspensio;., aided by the use of sterile glass beads, r,ras then

dÍstributed evenly over the agar slanE. The Roux bottle I^¡as subsequently

incubåted for 24 hours ât 35ôc.

The resultíng ce1l growth was harvesÈed by washing the surface

of Èhe sLanÈ with 50 n1 of 0.852 sterile saLine. The stock inoculum

was stored at 5oC for no longer than one week.

(1) Inoculum S tandard izatÍon. A reference curve for the standardÍza-

Èion of S. aureus was prepared by ploÈtÍng the viable ce1l count versus

the Z transnission at 340 nn. A Coi-euran rnodel 111 spectropho tometer

r¡as used for the transmíssion readings, using saline as the blank.

A serial dilution Èechnique, enploying Grove and Randall No. 1 agar,

was used for the deËermiratÍon of viable cell- counts at each trans-

nission level. ?etri pl-ates rrere incubated at 35'C for 24 hours and

then counted. A recorrmended level of I x 108 cells per mI ¡,¡as used

as the standardÍzed inoculum for the plate assay (Figure 3).

(2) Assay Plate Preparatíon. The genEarûicin assay plates hrere prepared

by distributing evenly 21 nl of Grove and Randall No. 11 agar (basal

layer) lnto each l-00 x 15 nn petri plate. l,Ihen Èhe basal layer had

soJ-idlf1ed, 4,0 ml of the seed layer was distributed evenly over the

top of lhe hardened basal layer and allowed Èo harden. The seed layer

consistedof 0.5 nl stândardized S, aureus inoculum ln 100 r¡L J-iqutfted

and Èempered (45'C) Grove and Randall No. 11 agar.

Sterlle, *" Dtfco blank dfsks, held by means of sterlLe threezers,



Figure 3. Inocu}¡¡r standardLzation for E. &Ès .
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were used t.o gent_ly dip the blank dísk edges into Ëhe gentamicin sampLe

until capillary acËion had soaked Lhem conpletely, The loaded. disks

v/ere Èhen carefully laid on the surfâce of the prepared plates. Pre-

vLously, the petri pl-ates were secÈioned into four equal parts by means

of a China marker; one dísk occupíed each quarter of the pl-ate. Sample

assays were perforned in triplicate on the same plate, ûrith the fourth

quarter being occupíed by a dÍsk containing a known Liter of gentamicin.

This last disk r¡as used as a reference dose. ?lates r,7ere ÍncubaÈed at

3 5'C for 24 hours.

(3) Res ,Measurenent. The diameters of Lhe zones of inhibiËion

were ¡neasured on boÈh axes through the center of the disk by means of

precfsloo cal-1pers. The average of Èhe diameÈers in m was then used

as the final value for thê dose response. This dose response was then

conpared to a standard curve whích correlated the zone of inhibition

!úith gentamic in potency.

(4) Standard Curve. The ¡¿orkÍng standard, gentamicin sulfate (650 yg/ng

anhydrous por¡der), was dried at 110oC under a pressure of 5 m Ilg or

less for Èhree hours.

Ten mg of the dried standard (6,500 ¡g gentamicio) \úas the¡ dÍssolved

and brought to a final volume of 250 n1 wíth 0,J. M phosphate buffer, pH

8.0' The gentamicÍn stock solutÍon' conLaining 26 y7/ri.t, was stored at

5oç for no longer than one month. A standard curve for detenniling gen-

tamlcin was prepared by suitably diLuting Èhe stock solution with 0.1 M

phosphate buffer, pll 8.0,as shown.
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A standard eurve (Figure 4) plotting the genËanicin potency, Ín

senilog form, versus the zone of Ínhibitíon, r,ras then set up. The

standard curve vas derived from two sets of triplicate results i,¡hich

were averaged.

?reDãraetínn of Samoie fôr êÞñi..ñi^i- Tesf il'rø

(1) Total GentaEicin. Fernentation samples Èo be tested for gentamicin

potency were prepared in the followi¡g Eanner 3 ten-ml samples of whole

fernentation broth were acidified to a pH of 2.0 wíth 6 N HrSoO and

shaken for 30 minutes on a gryatory shaker aË room temperature. AfÈer

shaking, the acidified, whole broth ¡ras centrifuged for 20 minutes at

10,000 r.p.n. (12,100 x e). Oxalic acid, Ín quantitíes of 1.56 gram per

1.0 grarn of caleium carbonate, originally presenE in the fermentation

medÍuú, r'ras then added to the supernatant in a 50-rn1 flask. The pH

of the supernaLant r¡as re-adjusred to 7.0 wÍth 2 N NaOH and ¿þs sups¡-

naÈãnt was a11or,üed to age afÈer l-2 hours at 5oC.

AfÈer the aglng period, the supernaÈant úras centrifuged once rnore

Ln a slurilar nanner. The supernatant Ì{as subsequently adjusted to a

flnal pH of 7,9 to 8.0 with 2 N NaoH; 1t n¡as nade to a volume of 25

nl uslng phosphate buffer, 0.1 M, pH 7.9. In some cases, hlgher dllutlons
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Rtgute À. Statdå¡d curve for the detEñdnaùlon of gentanrleln.
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rrere performed ín order ÈhaÈ the zones of inhibition would fa11 along

the linear portion of the plotted gentarnicin stand.ard. curve. These

díluLions also employed a similar buffer.

(2) Free Gent.ênicin. DetermÍnation of free genÈamicÍn in the fermenta-

tion broth was prepared in the foll-owing manner: samples of whol-e broth

!¡ere centrÍfuged for 20 minures aÈ 10,000 r.p.n. (12,100 * g). Ten m1

of the resul-ting supernaLanË rras then used for subsequent testing, after

lhe sample had been treated r¡ith oxal-ic acid as described.

(3) Bound Gentarnicin. The bound gentamicin was enpirically fornulated

by using the equatÍon: total genËamicin - free gentamicin = bound gen-

lamíc in.

Fernentation Methods

Shake-llask Ïernentations

(1) Inoculum Preparatíon. I'resh nutrient agar slants of M. purpurea

were Ínoculated into 500 nl f]-as!s containing 100 n1 of the following

medium, hereafter referred to as roedium (A):

Bacto-beef extract 3,0 g

Tryprone 5.0 g

Dextrose 1.0 g

Solubl-e potato starch 24.0 g

Yeêst exËract 5.0 g

Tap r,/ater L000 n1

The flasks Írere then incubated on a New Brunswick rotary shakeï (300 r.p.n.,

3/4" circular orbit) for 96 hours at 35'C.

The inoculum preparation ¡¡as harvested by transferriûg it to sterile
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sEalnLess steel Sorvall centrlfuge tubes where it rras cenErifuged for

20 minutes at 10,000 r.p.m. (12,100 * g). The supernatant was discarded

and the mycella1- pellet nashed tr¿ice r^rlth sÈerile 0.85% saline solution.

The ¡,rashed inoculum ri'as then brought up Èo lts original volume v¡ith

0.85% saline.

(2) Primarv Fermentation. A 5"Á (v/v) inoculum from the inoculum prep-

aratíon stage was used to seed 1000-m1 flasks eontaÍning 200 nI of the

following medíun, hereafter referred to as nedium (B);

YeasÈ extract 10. 0 g

Dextrose 10.0 g

CaCO3 1.0 g

cocL. 0.0013 g

TaP r,r7atèr 1000 nl

FLasks ¡,¡ere subsequently incubated. on rotary shakers, such.as descrÍbed

for the Ínoculun preparatlon, for 96 hours aÊ 30oC. In all casels,

fl¿sks r¿ere adjusted to a pII of 6.8 to 7.0 following sterilization

using 2 N NaOH and 2 N H2SO4; aLl flasks r¿ere routinely steïiL1zed.

for 15 minutes at 121oC. Calcium carbonate and cobalt chloride were

autoclaved separately ancl added ínÈo the fermentation flasks upon

cooling. Those fermentation studies examlning the effect of pH had

their inltlal pII values re-adjusted every 24 hours with 2 N IITSOO and

2 N NaOII.

Indlvidual f lask f ermentaÈion studies were perf ormed siurultaneously

Ln duplicate, from freshly prepared mediurn (B). The broth was prepared

Ln bulk and then evenly distrl.buted to the fernentatlon flasks fn order

to reduce the nediurn composition among the flasks.
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(3) Spent Liquor Fermentation. Once the optimum potency of gentanícin

from the primÂry fermentation stâge r4ras reached, Ëhe contencs of the

fermentâÈion flasks r¿ere filtered usÍng a lfhatman No. 40 filter (12.5

cn) " The collected mycelia ¡¡ere either anal-yzed, or discarded, depend.-:

ing upon Ëhe experiment. The filtrate was centrÍfuged. in stainless

steel Sorvall centrífuge tubes for one hour at 10,000 r-p.rr, (12,100

x g) ra,ith a Sorvall superspeed centïifuge. The supernarant úras re-

col-lected and a porËion of it tested for residual glucose, free gen-

tamÍcin and total nitrogen" The bulk of the supernatant l,ras stored at

5Z durÍng the tÍnûe these analyses were perforrned. In Ëhose fermen-

taÈions r^¡here the effect of câLcium carbonate and cobalt chloride ü¡as

being studied, these chemicals were also analyzed. The supernatant

was then sterilized. using a 0.2¡ Gehnan (47 rm) filter in conjunction

r,íiLh a Millipore unit, The steril-e broth was aseptÍcally pÍpetted

into prevÍously sterilized L000-ml- flasks. Those studies which were

Ínvestigating the èffect.s of fortifyÍng spent liquor had theÍr nutri-
ents added to the fermentation flasks ín such a manner Èhat both the

orj-ginal voLume and nutrient concentratÍon were approximately achieved.

Since the volume of spent broÈh from any one ptimary fermentation flask

did not yield 200 ml after it had been filtered, iE r¡as necessary to

incLude extra prinary fermentatÍons. These exEra prímary fermenÈaLions

íere not anairyzed.; however, their fiLteretl broth r^ras used Èo adjust

the spent fermentation liquor baek to 200 ml Ín each flask. NuErients

to be supplemented into fermentation flasks were dissolved in the

exÈra spent J-iquor which v¡as used to achíeve a final volume of 200 n1.

ii
.,,!.

\ì.'
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(1)

tt"o

Iermentor FermenÈatLons

Inoculum Preparation. The inoculum pÍeparaÈion was carried ouÈ in

stages. The first stage consisted of inoculating 500-rn1 flasks

conÈaining 100 nl of rnediun (A) ín the nånner as described for the

shake-flask inocuh¡m. The second stage consisted. on inoculating five-

l-000 ml" fl,asks containing L00 ml of fresh, sterile ned iurn (A) with a

5i4 (vlv) r¿ashed inocul-um preparatj.on from the first stage. Ilasks

were i.ûcubateð, for.72 hours at 30oC on rotray shakers operating at

300 r.p.rn. After incubation Èhe contenÈs of the flasks were pooled

and centrifuged for 20 minutes aÈ 10,000 r.p.nr. (12,100 * g). The

roycelial peJ-Let was r¡ashed tl¡ice in sterile 0.852 saline and brought

up to one quarater its orÍgfnal volume rTith the adCÍtion of more

sterite 0.852 salÍne,

(2) FermenLor Design. A Chenap, p,e.c. 14-liter fermentor, type cF

014-141, r,ras used for the fermentor fermentaÈion studies. The condi-

tions for fermentation, as ouËl-ined below, were used throughout the

various fermentor studies, unless oÈhernise specÍfied.

The pH of the fernenLaÈion broth I,ras adjusÈed to 6.8 - 7.0 after

sterilizaÈion by the addition of 3 N NaoII and 3 N H2SO4. A one-statioû

Ingold auto pH controller, usíng an in siÈu, auÈoclavable glass reference

electrode, was used to moniÈor the pH of the fermentatlon medium when

the maintenance of the pH was desired, pH integraÈed, peristalic

pumps, uslng 3 N NaOH and 3 N HTSOO, were used for the auÈo pH controller.

A femperaÈure of 32-35'C r.¡as used in these fermentor sÈudies.

The temperature of Èhe fermentatlon was control-Led autonaÈicalLy by

a Èhemistor control- whlch was integrated wl-th the fermentor uniÈ.



44

¡'11tered air v/as fed lnto the fermentatlon vessel at a råte of

L nL/nlnute/nl uredlun by means of gJ-ass woo1, plug-in, air line filters.

AeraÈion r,ras controlled by the use of a flor¡ meter and an air line pres-

sure gauge"

Two 1npellers, Í7ith four flat, stirríng paddles, were used to

agÍtate the fernentaÈion mediurn in a radial fashion. Agitation raTas

carried out at 1,5000 r.p.trr.

Fôan. r¡as controlled by the additlon of antifoaming agenEs such

as Mazola oil added prior to steriliza!íon.

(3) Þþary Satch FermentaÈion. The fermenÈor studies ernployed

ûedlun (B), using a total fermentation volume of seven liters. A

57. (tlr.) inocuJ-um, obÈained from Èhe inoculum prr paration stage, hras

used to seed the fermenLation. Fermentation studies rüere carïied out

for 96 hours and then ÈermínaËed. Sanples were wíÈhdrarnm every 24

hour period aûd anal-yzed. The fernentor and its contents l,¡ere steril"-

ízed 1n situ, for tl,ro hours at 121oC.

(4) Prínary ConÈinuous I'ernentation, Continuous fernentation studies

enploying nedium (B) used a total volume of 7.2 Liters. All other

conditions remained the same. Once the opÈimum poLency of gentamicin

was reached, Èhe conÈinuous feed of fresh, sÈerile medium (B) was

begun. T!¡o Masterflex perÍsta1Íc purDps tere used to feed the fermen-

tatlon and r¿ithdraw fermentation broth. Thus, a fÍxed, constanL

volume of fernentatlon broth remained in the fermentation vessel at

all tlmes. Purûps !¡ere adjusted so thaÈ Èhe lnflow of fresh nedíum

equalled the outflow of fermentation broÈh. The outflow of fermen-

tatlon broth r,ras contLnuousl"y collected j-n a fractlon collector housed

in a refrlgerator at 5oC" Samples were analyzed every six hours.
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A diLution rate, corïesponding to 5 m1 medium per mÍnuLe v¡as used
-1(D = 0.0416 hr'). The dir-utÍon raÈe refers to the amount of in-

comíng nedium in liters per hour divided by the fermentation volume.

(5) Spent Liquor Båtch ¡ermentation. In thÍs case, once the optimun

potency of gentamícin was reached, the whole fermentêtÍon b¡oth was

harvested by neans of a Sorvall KSB continuous flow systerc, using a

ss-34 rotor head operating at 15,000 r.p.n. The corlected broth was

then analyzed; j-t r^ras fortified rn¡ith essential nutrients, if required..

The spent fernentation 1Íquor was then fiLtered Lnto a prevÍousIy

sterifized fermentation jar usi.ng a 0.2¡u MíJ-lipore fí1ter. The sÈerile,
spent llquor rùas then punped back ínto the fermentor by using pressuÌ_

izêd, steriLe air. The fermentati.on voh¡me used for Èhese sËudies

¡¡as 5 liters. This volume was used ¡.""rr". the fiLtered, spent Liquor

never equalled 7 liters. The agítation of the fernenËor reûêined. the

same; honever, the â.ir Ínput Ì¡as adjusted to yÍeld Èhe same air flor¿

per minute per nl of fermenÈâ.tion nhdir:n.

(6) SpenË Liquor Continuous Fermentation, Tr,7o types of contÍnuous

fernentation ûethods rrere investigated by using spent fermentation

líquor. The first method, called nethod A, ínvo1ved. the batch

fernentatíon of spent 1Íquor for 72 hours after nhich the maxímum

accumulatlon of gentamicin was produced. Theteafter, fresh, spent

fermentation liquor was infused to initiate the continuous process.

Samples were collecÈed every 6 hours in a fraction collector housed

Ín a refrigeraÈor at 5oC. A dilution raÈe of D = 0.0416 was used,

rü1th a total fermentation volune of 7.2 liters for Ëhe initÍal batch

fernentatÍon. In order to obtain sufficíent amounÈs of spent fernenta_

tion liquor, primary fermenÈations, using fresh medium (B), were performed
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in 12 liter fermentati.on jars nagnetically stirred and aerated as

descríbed for the batch fermentations.

The second method of contínuous fermentation, method B, involved

the continuous fermentaÈíon of spent liquor fron the outset of fer-

mentation. In this process, spent l-iquor was i.nfused into Èhe fer-

menÈor vessel at the beginoíng of the fermentatÍon r,rÍthout r,Taiting

for maxinum gentamicin accumulation to take pLace. The condi.Èions

used ín this process remalned the same as those used for nethod A.
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RESULTS

Preliminary studles carried out during thls investigatj-on focused

upon shake-flask fermenEaÈions ¡,¡hÍch ernployed !. purpurea in an effort

to determine the fermenËation patterns and yÍe1ds of gentamicin obtained

through pririary and spent liquor rnedia. Parameters obtalned through

shake-flask fermentations that shohred benefícial effects were applied

to fermentor fermentation studies; conversely, those parameters shohTing

deleterlous effects hTere oml.tÈed.

?art 1: Shake-Fl-ask ¡'ernentation Studies

The VegetaËive cïowth of M. Purpurea ín a SËarch Based Medíun (A) at 35oC

The vegelative growËh of M. purpurea, ernploying a recoamended starch

based medium (A) ac 35'C for 96 hours, shor¿ed a maximun accunul-ation of

gentamicÍn - 4.5 ¡rg/rnl - at 96 hours (Figure 5). Accumulatíon of

gentamicin increasgd progressively aft.er 48 hours of gronth ú7Íth a

concomitant increase in the pH of the ¡nedium. Very liÈt1e gentamicín

could be detected during the first 48 hours of growth. Approxftmtely

22% of. xhe initial starch was utilized during the vegetative grohrÈh.

The fermentative gror{th of M. riurpurea carried out at 30oC sho¡ued

a maximum yíeld of genÈamicin - 44.0 flg/ml - aÈ 96 hours of fermentation

(FiguÍe 6). Mycelial rüeight and pH steadily increased as Èhe fermenÈatíon

progressed; no lag of gentamicin productlon !¡as noted prior to 48 hours

of fermentaÈion. ApproxLnateLy 382 of Èhe inltial glucose was utilized

durÍng the fernentatlon.



Ftgure 5. the vegetative growth of {. purpurea 1n a starch
based ãediu¡n ( t) at 35'î.
( cf. Appendi¡r tabl-e l- )
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Figure 6. The ferr¡entative growbh of E. pur¡urea in a glucose
based nediun ( B ) at 30'C.

'( cf. Appendix table 2 )
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The Effect of Increasing the Tine of Fermentation on the ProducÈion
of Gen tamic in.

Subsequent studles of fermentation gror.rÈh (Figure 7) ' 1n which

the time of fenûentatlon was extended to 144 hours, indicated that

the maximum accumulation of Sentamicin occurred at 120 hours of fer-

mentation. The neË increase in gentamicín ProducËion occurring from

the 96th to 120th hour, however, r{as minimal when compared to the

amount of genËamicin produced at 96 bours of fermentation. Further

primary fermenÈaËion studies ¡¿ere hencefotth conducted with a 96 hour

fermenÈation period.

Size of Inocul-um and Production of Gentamicin

As shom ín Table 4, Èhe maxímurn yield of gentamicin was 55.5

¡g/n1 using a 6% (vlv) i.noeul¡¡m (2.48 rng/nl). IncreasÍng the size

of the inoeulun from 27. to 67" (0.82 to 2.48 rng/nl) progressívely

lncreased the Daximum yíeld of gentamicin; this occurred in all inocu-

-1um 1eve1s at 96 hours of fermentation.

ïnocula higher than 6% decreased the maximum yielil of gentamicin.

Those ferrnentations havj.ng an 8 and I0Z inoculum (3.27 and 4.99 rng/nl)

shor¡ed a decreased growEh Pattern afÈer 72 and 48 hours of fermentation

respecÈively. The yield of genÈamÍcin, however, continued to j-ncrease

in both cases. A 6Z initial inoculurn !,tas henceforth used for furiher

fermentation studies.

The Effects of Uslng SpenL Liquor for Èhe Production of Çen!am:Lc!q.

Flask fernentatl"ons emPloying spent fermentation liquor are

cornpared to prinary ferEentatlons enployfng fresh' sterfle medium (B)

(Ilgure 8). The results indicated that an additlonal 67.57" oi ger.ta-

mlcln coultl be producecl by uslng the sPent fermentatlon llquor obtained



Ftgure 7. I?re effect of lncreasJ.ng the ti_me of ferr¡entatlon on
the produetLon of geatanr{ cin.

( cf. Appenatix table 3 )
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lable 4. SLze of inoculun and productJ,on of genüan{cln.

( cf. Appendlx table s 4r5 )

Inftial-
inoculun
(%v/v)

Ì4ycetta1 weleht
( ros/t"l )
Gentanlcin
( ¡eltû )

Mycelial uelght
( neltt1 )
Genüa¡nlcfn
( !e/"ù )

Ifycellal netght
( roelnrl )
Gent¿¡¡ic Ln
( ¡telnl. )

I'hcelial weight
( o'e/tol )
Gentanricfn
( ys/où )

üycelial wetght
( ¡nelnrl )
Gentanicln
( ¡elnù )

Fernentatton tt¡ne ( hre )

OZ+À8

o.82

J?

t.49

*

2.48

*

l"o

1.61

Ê

2.1r

8.5

3.U

9.5

4.72

17.0

5.1+9

23.5

2.50

tL.5

3..12

18.5

l+.3O

zt.5

5.13

30.5

6.29

32,o

¡t Not deter¡nined.

72

3,27

4.09

ås

3.o9

2r.5

,'.Io

30.o

5.27

,19.0

96

3.?6

33.5

4.sl

40.o

6.35

55.5

5.76

53.o

5.00

1j2.5

6.2I

l+7.o

5.55

37.o



Figure 8. The effect,s of using spent fementation liquor for
the production of gentanicin.

( cf. Appendix tables 6,7 )
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frorn primary fermentatlons. Maxlnum yíelds of gentâmicln \rere noted

at 72 hours of fermentatlon, decreasing thereafter. The mycelÍal

welght increased for the flrst 48 hours of fermentation, decr'easing

thereafter as wel1. No decrease in the gentamicin yield, however,

r¿as observed durin; the fLrst 72 hrs of fermentation. The pH in both

fermentaËions íncreased as Èhe fer¡nentation progressed; higher pH

values were observed, however, l-n those fermentations using spent

fernentatíon liquor, pII increments after 24 hours of fermentation

were observed to be greater in spent 1íquor fermenÈations Èhan those

Ín prinary fermentations. The ylelds of gentamicin decreased as the

pll of the spent liquor fermentation passed 8.6.

Approxinarely 427. of t¡.e inltÍal glucose Íras uÈilj.zed during pri-

mary fermentaÈion. Ì'ermentatíons using spent líquor utilized approxirnate-

ly 68:l of that glucose renaining after 96 hours of pr irnary fermenÈation.

The Distribution of Bound and Ïree Gentamicin in Fl-ask FermentatÍons

The distribuÈíon of bound and free gentamicin in priEary fermen-

tations is shoÌrn in Figure 9. At the commencernent of fermenÈatÍon no

free genÈanÍcín coul-d be detected. The Èotal- genÈamicin present at

Èhe begínning of ferrûentation - 5.5 pg/nl - r¿as found to be contained

within the nycelíâ whlch was used as the inoculum. Approxirnately 352

of the gentanicin produced ín the ferfûentation aÈ 96 hours was free

gentanlcin; approxinately 65% of the gentamÍcin produced in Èhe fer-

menÈatlon at 96 hours was bound gentamicin.

The dl.stributlon of bound and free gentamicin Ín fermentations

e¡nploylng spent liquor are illustrated in Flgure 10. In these fer-

mentatlons the lnlÈial gentamicl.n potency was observed to be much

higher than those potencles found ln prlnary fermenÈations. Free



Figure 9. Il¡e distributj-on of bound and free gent¡ni cin ia primary
fernentations.

( cf. Appendix table I )
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Flgure 1O. ?he distribution of bound and free gentericin in
fe¡nentations erploylng spent ferurentatlon I1quor.

( cf. Appendix table 9 )
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gentanicin accumulation was noted Lo increase progressívely in the

fermentation broth for 72 hours; after this time it decreased. This

same effect was observed for the bound gentamicin; however, the de-

crease in bound gentanicín aL 72 hours of fernentatíon was much greater

than Èhe corresponding decrease in the free gentamicin concent.ration.

?he average accunulation of free gentamicÍn in the fermentation nedíum

ât 72 hours of fermentatíon was approximaËely 29"Á, wtrí].e Èhe average

accnmuLatíon for the bound gentamicin was 77i1. At 96 hours of f ermen-

tation ¿he concentration of free gentanícin Íncreased to approxftnately

652 t¿h11e the concentration of bound gentanicin decreased to approx-

itateLy 352; the percent of free and bound gefltamicin at 96 hours of

ferßentêtÍon indicated that Lhe bound portion of the total gentanicin

decreased much faster than the free portion of the total genÈamcin cofl-

centxalion.

Influence of Cob¿Lt on the Productíon of Gentamlcin Ín Prinary and
SpenË Llquor Fernentations.

PrinÊry flask ferrnentatioos empl-oyi.ng a recomended 1eve1 of CoCl,

61120 (0.0013 grams per liter or O.32 yg/at a" Co# - nediun (3) ) are

conpared to spenÊ liquor fernentations conËaining various conceritTaEions

of cobal-t (Figure 11).

The naxirnum accr¡muLaÈion of gentamicin üras obtaj-ned in those ptj-nary

fermentations uslng ê recon¡nended 1eve1 of cobal-t. Fermentations em-

ploying spent fermentaÈ1on liquor indicated a progresslve i.ncrease

Ín the maximum yield of gentamicín as the level of cobalt supplementatíon

was decreased; Èhe greatesÈ accr¡ÎruLation of gentamicÍn was produced r¡hen

lÍquor fermentations rdere not supplenented with cobalt. AÈomic absorption

speclroscopy indicated the presênce of resídual cobal-t in all fermentations



Figure 11. Influence of cobaÌt on the production of gentaurLcln ln prinrary and spent l-lquor
fennentatlons.

( cf. Appendfx tabJ-e s 1O, J-t )
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and further studies excLuded cobalt. supplementation Ín spent liquor

fermenLations.

Influence of Calcium Carbonate on the ?roduction of Gentanicin in
Primarv and SDent Liquor Fermentations.

?rioary flask fernentations emp loying a recomended ' 
(nedir:n (3) ),

Level- of calcium carbonate, 1.0 gran/lÍter, are compared to fernen-

tations using spent l-lquor with varying concentrations of calcÍum

carbonate (I'igure 12). The highesÈ accumulatíon of gentamicin was

noted in prÍrnary fermentations at 96 hours of fernentation. Spent

J-iquor fermenËarins, having no suPPlemenEed calcíum carbonate, showed

a decrease Ín genÈatícfuÌ accumul-ati.on at 72 hours of fèrmentalion'

It was obsèrved, however, that the total amounÈ of gentâmicin in both

these femenÈatlons were slnilar at 72 hours' although the net Pro-

duction of gentanj.cin in the prinary fermenration was considerably

greater. SuppJ-enenríng spent líquor fermentatlons with 0.5 gran/l-lter

calcÍum carbonate indicated a stimulatoty èffect on gentamicin pro-

duction when compared. to similar fer entations having no cal-cium car-

bonête supplementatioû. IncreasLng the leve1 of calcÍum caïbonate

supplementatÍon to 1.0 gran/liter showed adverse effec¿s ín gentamÍcin

accr¡mulation. In all cases, the måxiBum accumulation of gentanicít

occurred at 72 hours of fermentatÍon, wiÈh the excePtion of the Primâry

ferrûentaËíon; this occurred aÈ 96 hours. The plt Ín those ferrûentatlons

usj-ng spenË liquor increêsed slightly âs the level of cal-cium carbonaLe

¡¡as increased. A1L spent liquor fernentatÍofls sho¡¿ed resÍdua]- levels

of c¿lcium carbonate prior to calcium carbonate suPPlemenLâÈ ion.

Calcírln caÍbonate, in quantitíes of 0.5 gran/liter, rùas henceforlh

supplemented Ínto spent llquor ferrnentation sLudies'



tlgure 12. Influênce of calqlr¡n csrbonste on the ploductLon of gentarnlc!¡ tn prtnsry and epent üqt¡or
felÎnêntat Lons .

( cf. Appendtx tabl.es 12,13 )

8.0

*,..I
D

.41'",/ .¿-

-r"-"-'4



61

Gentamic in lls

The use of varlous initial pII values for flask fermentatÍons em-

ploying spent fermentation liquor were investigated (Table 5). Results

indÍeared lhaL an initial pI{ of 7,0, adjusted to 7.0 every 24 hours, was

optinaL for the accumulation of gentamicin ín these studies. Initial-

pH values of 6.5, adjusted to 6.5 every 24 hours, showed comparable

yields of genlamícfn aÈ 96 hours of fermenËation. Inítial pH values

of 5.5 to 7.0 shor¿ed progreseive increasés in the yields of gentanicin

at 96 hours of fermentation. The manual adjustment of. pH every 24

hours was shown to be Ínadequête in order to mainEain â constânt pH.

The pH lrithin any one ferûentation increased wíth the time of f.ernen-

tation.

GentamicÍn ProducËion at pil 7.0 UsÍng Spent Fernentation Líquor With/
withqur p¡I Ad-iusÈnent.

The maxÍmum yields of gentamÍcln occurred at 72 hours of fermen-

tation when no pH adjustment lras nade (Figure 13). Those fermenËaLions

havÍng pH adjustments every 24 hours exhibited maximuo yÍel-ds of genËa-

oicin at 96 hours of feraentation. pH adjustment to 7.0 evely 24 hours

showed greater accuEulalion of gentamicín than did sÍnf1ar fermentations

wÍthout pII adjustEênt. It was observed, however, thaf the yields of

genlamicin accultrulated at 72 hou¡s without pH adjustnent decreased

duri.ng fhe rrexx 24 hours of fermentation. This effect rrTas not obseïved

!,riÈh those fermentatÍons having pE adjustnent. RelaÈive1y high a1ka1Íne

pH val-ues were observed in those fermentatíons having no pII adjustrient,

especía11y ax 72 arLd 96 hours of fermentatíon.



Table l. lhe effect of pll adJustnent on the productlon of gentamlcln
ueing epent fernentatLon liquor.
( cf. Appendix table s ll¡,J.J )

pH
Gentunlcin
( ¡elrnr )

pH
Gentarnic ln
( ¡el*r )

pH

GentsmLcLn
( !e/'ù )

pH
Gentanlcln
( ye/r,il )

o{+

5.5

1r+

6.o

u
6.5

14

?.o

14

Fermentation ti¡re ( hre )

u48

5.7

t3

6.5

L'

6.7

I7

7.5

r_9

lÊ These value s repreoent inltial pH values of the-¡redl,a. pH val-uee other th¿n at the cormence¡¡ent
of fermentatlon represent pll values of the fe¡mentatlon prlor to adJustnent.

5.8

17

6.6

r9

7,7

2t

7.e

28

tt

6.r

x
6.9

27

7.3

3l+

8.0

bo

96

6.7

28

7.r

3'

7.6

l+6

8.3

lr8



9.0

a g.o

7.O

etgu¡e 13. Genta¡nlcLn productl.on st pH 7.0 using spent fe¡lenta¿lon
llquor l¡lth/Eiùhout pH adJustneni.

( cf. Appendlx table t6 )
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The Effect of Gentamicin Sulfate on the Growth of M. Purpurea in
Mediun (B).

The addition of varylng 1evels of gentamicin sulfafe standard

(l-.0 to 20.0 ¡lglnl-) to fLask fermentatÍons enploying fresh nediun

(B) were compared to conÈrol fer entatlons havÍng no added gentanicin

sulfate (T¿bLe 6), It was observed that mycelÍal grotrth contínued

to increase in all- flask ferûentations containing added genuamicÍn

sulfate. T?rose fermenÈatÍons having an Ínítial 0.0}g/n1 to 10.0

;ug/ml concentrêtion of added gentamicin sulfate, however, showed a

decrease 1n growth afÍer 72 hours of fenneûtation. Thê fernentatÍon

that had an inítial conceritratÍon of 20.0¡g/rn1 added gentamicÍn

sulfate continued to show nycelial growth through the entÍre period.

Myceltal growth, and the utilizaÈion of glucose bàtr".n individual

fer[entatíons, showed no definile correlaËion. It was observed, how-

ever, thêt the addition of gentanicin sulfate to flask fãrmentations

did not decrease the genetal gro¡Ílh or âffect Èhe Éjlucose ûetaboliso

of the or.gênisu when compared to conÈrol- fermenÈaÈíons,.

The additíon of 20.0¡g/n1 gentanicin sul-fête sÈandard to fer-

Eentations enploying fresh oedium (B) Índícated that there r,7as a net

decrease 1n the total amount of gentamÍcin produced at 96 hours of

ferúentaÈion, when conpared to flask fernenËaLions contaÍning no

added gentamicln sulfate (Tab1e 7). A net productÍon of. 26 yglnl

gentamicin was produced at 96 hours when 20.0 J¡g/rrl gentanicin sulfate

lras initía11y administered. The coûlrol fLask sho¡¿ed a rìet production

of 44.O ¡glml gentamicin during the same t.ine interval. It !'/as also

observed that a slight decrease in genËaûicÍû productíon appeared



Table 6. The effect of gentarnLcln sulfate on the grôwùh of U,. g¡¡¡gEge fn ¡ne¿ium ( B ).
( cf. Appendlx tables 17,18 )

Gentanlctn sulfate
added to ¡nediu¡t
( ¡ell'r )

0.0

l.o

!{ycellal neight
( tclr1 )
Resldual glucose
( ¡nelnl )

þcellal welght
( neln1 )
Resldual slucose
( o'e/tnl )-

þceI1al nelght
( orelnr )
Resldual glucose
( rslr]- )

$cellal uelght( telo'r )
Êesidual glucose
( rclrr )

5.O

10.0

Fernenüation tfme ( hrs )
24 48

1.85

9.56

1.É5

9.56

1.85

9.56

1.85

9.56

2.68

8.11

2.70

3.85

7.06

3.69

7.18

3.9L

7.11

3.99

7.11

8.17

2.70

4.82

5.9r

4.76

e.30

2.n

8.23

96

l+.55

5.10

4.68

5.66

L.93

5.3t+

l*.gl

5.tl

6.r7

5.00

5.98

5.Ol+

5.61



Table 6 (contlnued)., Ttre effect of gentarnicin sulfate on the groÌ¡th of !,. purpu¡ea tn nedtü ( B ).

T cf. Appendlx tabJ-es 1f,18 )

Gent a¡rlcl-n gulfaüe
added. to nedlun
( yelnrr )

20.o þce1tal vrclghü
( telrl )
ReslduaL gJ-ucose
( tnelnù )

Fesrentatl"on tlnre (. hrs )
o2448

1.85

9.56

2.69

e.32

3.e5

7.53

72

¿.90

5.50

96

5.o5

5.o3

o\
Or



lable 7. The effect of gentalricin sulfate on the production of
genta.niein W g. EgIre 1n neaiun ( B ).

( cf. Appendix table 19 )

Fe¡nentatl,on
ti¡ne ( hrs ) Gentamicin x

( ye/ø )

OA
24 18

48 23

72 34

96 t+7

2

15

2ß

38

46

À. Gentorn{ cia sulfate stardarri ( æ.O ye/rnl ) a¿¿"a at the star+
of fementation.

B. No addition of gentanicl.n sulfate aù the start of fernentation.

* Befers to the total anount of genta,uricin present at tl¡re of assay.



68

afLer 24 hours in those fernentat.ions that had been adninÍstered gen-

tamicin sulfate.

The GrovrÈh PaËtern of M. ?urpurea in Varying ConcentraÈions of SpenÈ
Fernentation Liquor.

The grolrth patterns of !L. puIll¡feg, using varying concenLrâtions

of spent fermentation liquor, êre presented in Table 8. In al-l cases,

glucose and Kj e1dah1 nitrogen rrzere forti-fied to approxÍmaÈely 10.0

ng/ûl glucose and 1.2 ng/ûl nÍtrogen (yeast extïact) before the

statt of fêrmentation. Tïe data indicates Ëhat as the concentrâtion

of spenÈ líquor was increased wj.thin any one fermentatíon, a conconiÈanË

decrease in nycelial rùeight rúas noticed; the poorest mycelial gror{Ëh

r^ras observed in Èhose fermentations contaíning concentrated speoÈ

fernentation lÍquor. The pH within a 24 hottx period in any one fer-

mentatÍon increased as the concentration of spent liquor was increased.

The elapsed time for úaxlmum growth h7iÈhin any one feroentaËÍon also

decreased as the level of spent liquor was increased. The fernentatlon

whlch conlained concentrated spenÈ liquor showed 1Ës maximum gros¡th aÈ

24 hours, Èherêêfter conÈinu€.11y decreasing.

The Production of Gentamicin Usirig Varying ConcentTations of Spent Fer-
neritatlon liquor.

Gentamicin productlon in flask fernentatÍons \"/hích continued vary-

ing concenÈratlons of spent liquor are presenLed in Table 9. Gentamicin

prodrlction ¡sas sho¡¡n Èo decrease as the concentratíon of spent 1iquor

rsas íncreased. A net production of 32.0, 26.0, 24.0, 21.0, and 1J-.0

Jrg/nl gentanÍcin was produced Ín fernentations containing 25, 50, 75,

100% and concentraÈed spent fermentation liquor, respecÈively.



Table 8. lhe growth pattern of E Ugpg¡ggl ln varylng eo¡centrations
of Epent fermentatlon liçor.
( cf. Appendix tables 20,21 )

pH
l,f5rce1fal.
weieht ( rnc/nl )

pH
lfycellal
weieht ( ts/rL )
pH
MyceIlaI
weteht ( nill¡]- )

plt
Mycelial
¡reieht ( &c/nl )

pH
Mvcell-al
wärgl¡t ( nsld )

B.

c.

D.

6.9

r.98

6.9

1.98

6.9

1.98

6.9

r.98

6.9

r_.98

Fermentation tlme ( hrs )

2+ ,rô 72

E.

7.h

3.26

7.6

2.95

7.6

2.6t,

7.6

2.69

7.8

2.r5

A.
B.
c.
D.
E.

Fermentatlon \slns 7598 fre sh nediu¡r ( S) ûrd 25fi spent' ferrnentation l1quor.
,júrr5úr
,' 2ji( " ?5ß r
ng$u100fr

Fermentation using concentrated ( lyophilized ) spent fermentatlon 1lçor.

7.6

4.r|8

8.O

3.60

8.1

3.28

É.1_

3.r5

8.8

1.99

8.0

5.o5

8.7

3.60

8.6

2.85

8.8

2.85

9.1

r.57

96

8.5

L.83

9.1

2.?8

9.2

2.5'

9,2

2.33

9.3

1.r+0



Table 9. the production of genta¡r.'J cLn using varylng concentrations
of spent fe rnentation Iiçor.

( cf. Appendix table 22 )

Fe¡:r¡entatl.on
ttue ( hrs ) Gentanlcin ( X/ù )

B. c. D.

0

2J,

48

72

96

7

u
27

L5

3L

12

14

2A

38

t5

1á

26

39

n

19
I

25

3l+

39

30

26

32

37

36

25

A. Fe¡mentaùions uslng 751 trcsh nedir¡r ( I ) an¿ 259l spent
fe¡nentat Lon liqrror.

B. Fe¡:nentatLons uslng 5Ol lresh uredir¡¡r ( B ) an¿ 5ú sÞnt
f e¡."¡rentation llçor.

C. fer.nentations usLag 25% ttesh uedir¡m ( S ) and 75f, sWnt
fer"nentatLon llquor.

D. Feme¡tatlons using Ol fresh netttun ( B ) an¿ l00l spent
fe¡mentatLon f.iquor.

E. Fementations using concenùrated ( lyophtlized ) spent
fermentation li.quor.
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Ferrnenlations using spent liquor, wilh and r.zithout glueose and

yeast extract fortÍfication, are compared in Table 10, rt Íras observed.

that those fermentations r¡hich had gJ-ucose and yeast extracL fortif-
ica'ion exhibited higher uaximr:m mycelial weights and showed smaller
j.ncrements in the pH withj.n any 24 }toux period of fermentatíon. Max_

imum growth was reached ¿t 72 hours; thereafter j.t decreased.. Approx_

inatei-y 4.8 grams of glucose (45%) was uÈilized during the fermentaÈion,

Kjeldahl nitÌogen d.ecreased slowly through Èhe fermentêtion and in_

creased sl-ightlj after 72 hours,

Those spent liquor fernentatÍons r¡íthout glucose and yeast

extract fortÍfication shorùed smaller maxinum mycelial weights; these

occurred at 48 hours of fernentatíon. The pll i-ncrements nlthin any

24 hour perÍod of fernentation, especÍa11y after 4g hours, showed.

greater increases than Èhose observed in spent liquor fernentêtÍons

havíng gLucose and yèasÈ extracÈ fortÍficatlon. Approni¡lately 3.0

grams of glucose (62.6%) rdere utillzed duting the fermentatíon.

Kjeldahl nirrogen decreased sJ_ow1y duríng the flrst 72 hours of fer_

menËation, thereafÈer slightly increasÍng.

GenÈamicj.n productÍon, using spent J-fquor with glucose and yeast

exËrêct fortification.r were co'opared to slnilar fermenÈatÍons with no

glucose or yeast extract fortlfication (FÍgure 14). Those spent llquor
fernentati.ons having glucose and yeast extract forÈificatíon bhor"¡ed.

slightly higher anounts of acc¡¡oulated gentamicin when compared to

similar fermentations without glucose or yeasÈ extract fortification.

and I,IÍthout Glucose and yeasr qxirã.t-rãititGr ioo.



labla 1O. FsÍrcnüaùlon pstterns of X,. -g¡I!UI9ê unlng spent fe¡nontatl'on ll'qror
$tüh ênd vIùhouù glucose and yeset e:ßtrsct forùlflcêtlón.

( cf. App¿ndlx ùab1ee 23,2+ )

Femsnt aùlon
ttne ( hrs )

0

?).

¿8

72

9ó

plt

6.9

7.6

rl.0

8.2

â.7

A.

þceIla1
welsht,
( rnãl'r )

o

?)+

&6

72

96

r. tt
2.Tt

3.38

¿.06

1.90

ó.9

7.'
8.O

8.6

9.3

À.
B.

spent liquor fe¡mentatLon r"rlth glqcose and ysest-exbract forLlflcation.
Spent ltquor ferrnentatlon wlth ño gJ-ucose and yeast exbract fortification.

Reatdual
qlucosa
( neltnr )

B.

r0.53

6.61¡

7.n
6,95

,.76

f .8It

2,62

9.63

3.L6

2.56

lfieldahL
nltroPen
( uelñr )

f .r+4

L.37

L.33

L.æ

1.to

¿.90

J.5L

2.23

1.9t

0. ct

o.80

o.75

0.71

\¡
N)



Figure J./+. lhe productLon of gentanlcln using spenù fermentation
llquor wlth and ruithout glucose and yeast exbract
fo¡tlfication.
( cf. Appendix table 25 )

c{
n0d

É
a{
t)

.¡-l

ã+çot

2l+ 48 72

Fermentation t1¡ne ( hrs )
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The naximum yields of gentamicin, in both types of fermentation, occurred

at 72 hours. The net amount of gentanÍcin produced Ín fermentations

with glucose and yeast extract fortification was 28.0;ug/ml; Z2.O

iUg/nl gentaúicin ntas produced in those fermenËatÍons r,¡ithout glucose

and yeêst extracË fortif icá.Èion.

Part II: Fermentor Fermentation Studies

Batch Fernentation Pattein of M. ?urpurea Ín Mediun (B).

Investigatíons usfng a l4-liter fermentor were iniËíally carried

out to determÍne Èhe fêrmentaÈlon patterns exhibited by M. purpurea

in nedium (B) (Table 11). Maximum accuüularion of gentarnic in - 61.0

lg/nt - occurred at L20 hours of fermentation; the gentamicin accre-

tion sharply increased after Èhe ti.tst 24 hours of fernenEat.íon. The

pll of the nedir:m, inifial-ly adjusted to 7.0, sho!¡ed a decrease for

the first 24 hours; thereafter iÈ incrêêsed gradually Èhroughout the

fernentêtion, MyceJ-ia1 !üêight and glucose utilizatÍon progressively

increased, although Èhe most noticeable increase in nyceLÍal- weight

and glucose utílÍzaÈion occurred durlng the first 24 hours of fermenËa-

tion. Kj eJ-dahl nitrogeri decreased at a constânt rate and increased

sLÍghtly at L20 hours of fermentation. The naximum accumulatj.on of

gentamlcin occurred during Èhe t ir0e in ¡rhich the nyceLiêl weight de-

creased.

Batch Fernentation PatÈern of M. ?u¡purea ín Mediüû (B) hTith Autonatic
pË Control.

Fernentor studies, uslng fresh ned fi:n (B) r¡7ith automatic pII

control, indicaÈed sl-ightly lower values for accurnulated gentanicin

Èhan those fermentor sÈudÍes r,rithout pll contTol. Maximum yield of



Table l-1. Batch fementat!.on pattern of U. lg4glga tn neaiun ( B ).
( cf. Appendix tebles 2612? )

Fermentation
tfune ( hrs )

0

2l+

48

72

96

120

pH lþcel-lal Besidual
weight glucose
( nclnl ) ( tnel¡nl )

7,o

6.8

7.2

7.L

7.6

7.7

2.O0

3.51+

l¡.13

4,9t+

5.æ

4,95

KJeldahl
nl.trogen
( tnelrr )

10.34

7.66

6.92

5.59

4.68

I+.L)

Genta¡nl-cLn
( Fe/rù )

r.39

t_.20

o.95

o.n
o.62

0.66

1".0

14.o

lto.o

5r.o

57.O

6r-.o
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gentamicín - 57.0 yg/nL - occurred at 96 hours of fermentation. Mycel-

ia1 rreÍght was increased until 96 hours of fermentation; thereafÈer it

decreased, The nost noticeable grorrth occurred after 24 hours of

fermentâtion. Glucose metabolism, however, l,¡âs most noticeable during

the first 24 hours of fermentation. Approximately 4.6 grarns of glucose

(457") was utilized during this fermentatíon as compared to 6.2 grans

(601t) of glucose uËilized in those fermentor sËudÍes without pH control

(Table 12).

l'urther sËudies in

ËÍons without automâtic

96 hours.

this investigatlon employed primary fermenta-

pII control using a fenoentatíon period of

Eatch Fenûentation ?attern of M. Pulpurea Employing Spent Fermentation
LÍquor .

Batch fernentations, enploying spent fermenÈation 1Íquor r.ríthouL

plt control (Tab1e 13), showed a naxirnun yield of 43.O yg/nl gêntamÍcin

at 72 hours of fernentatlon. The net yield of gentanicin - 23,O yg/nl -

wâs accompanied by increases in the mycelial lûeíght untíL 48 hours of

fermenÈation; thereaftêr it decreased. A concomiÈant inclease in Lhe

pll follor¡ed; i.t reached 8.3 at 72 hours of ferrnentation. Approxinately

2.5 mglmL of glucose r¡as utilized during the fermentatíon; this rePre-

senÈed âpproxinately 512 of that residual glucose left from the PrÍ.mary

fernentatÍon. The pH of the fernenÈation mediu¡n Íncreased as the fer-

mentation progressed; it reached 9.0 at 96 hours of fermentation '

Kjeldahl nítrogen was shown to decreåse slowl-y' unÈi1 72 hours, there-

after it slighLly i.ncreased. The Kj eldahl nitÍogen increase was ob-

served Ëo coÍneide rdith a decrease j-n the mycelial weight.

A sinilar batch fermenLatíon, usfng spenÈ líquor wiLh autonatic



Tab1e 12. Batch feïmentetLon pattern of $. pr¡rpurea l¡ netllu¡n ( B ) wlth
automatfc pH control.

( cf. Appendlx tables 28,29 )

Ferr¡entation
time ( hrs )

0

24

48

4C

96

120

pH

7.O

7,o

7.4

6,e

6,9

7 .l+ x

l&ce11aL
v¡eieht
( neÁtI )

àr pH was not r¡alntained at thls tlne perlod due to pH controlLer faLlure.

2.tt

2.8L

4.65

5.50

5.7r

5.55

Resldual
glucose
( rsln'ù )

10.09

8.89

7.L6

5.96

5.79

5.1+7

Qentanicin
( ye/ù )

3

L1

35

l+7

57

55



Table 13. Batch fe¡nentatlon pat tern of Ìf. purpurea employlng spent fe¡mêntation
liquor.

( cf. Appendlx tables 3O,3L )

Fennentatl-on
tine ( hrs )

o

2l+

À8

72

96

6,9

7.b

7.8

8.3

9.O

l4ycetlal
welght
( relrl )

2.L8

3.3L

l+.1+5

4.o8

3.11

Re sldual
g)-ucoee
( nglrl )

4.97

4.1J+

3.23

2.74

2.44

KJeIdah1
nLtrogen
( nelnl )

Gentanicin
( ftslttl )

0.90

o.92

o.75

o.56

o.62

20

23

35

43

41
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pII conlrol (AppendÍx Table 32)' shor¿ed a maxi.mum accumulation of 4g.0

J¡g/n1 gentarnicin aÈ 96 hours of fernentaÈion, or, a net yield of 30.0
Ijrg/nl gentanÍcin. Mycelial weight in this fermentation steadily

increased until the termÍnation of fernenLation; approximately 3.0

ng/nJ- glucose was utlized, í.e., 587. of that residuaL glucose lefÈ

from the pr imary fernentation.

Batch fermentations' enploying spent fermentaÈÍon liquor fortÍfíed
with glueose and yeast êxtract, showed a maxÍm'¡n accumuLation of genta-

micin at 96 hours of fernentatÍon (Table 14). Gentamicin yields

obtained from spent liquor, fortified r,rith,;glucose and yeast extract,

and spent 1iqúor fennentatÍons v/Lthout glucose and yeast extracÈ fortíf-
ication are compared ín llgure 1_5. Hígher yields of gentamicin hrere

observed in those spent liquof, fermencâtions not havÍng gJ-ucose and.

yêast extract fortlfÍcation. Ttre net yield of gentanicln (inítíal

gentamicin - genianicÍn yield at each tine period) was higher in those

fermefltations havíng no nutrient fortificatíon for all tíme periods

tested duríng the fermenËation.

Båtch fermentations, usLng glucose and yeast fortification (Table

14), tndicated increasÍng pil and nycelial weight throughout the fermen-

tatioî. Kjeldahl niÈrogen decreased progressiveJ-y through the fermen-

tati-on.

tËern of M.
Culture PÍocess.

Continuous fermenEaÈion of fresh sterile mediun (B) in a 14-1Íter

infusion rate of 5.0 nl necliun./ninute (D = 0.0416 hr 1),fermentor, at an



Table 1",1¡. Batch fernrentation pattern of !f. pru'nnu'ea elnploylng spent fementation Iiçor
uith gl-ucose and yeast exbract fortLflcatton.

( cf. Appendtx tabìea 33 )L )

Fennentation
ttune ( hrs )

?)+

48

72

96

þcetial
weLpht
t 'ãlnr )

6.9

7.2

7.7

8.3

8.9

2.31+

2.96

4.22

l+.55

[t.66

BeeiduaL
glucose
( nsl¡.l )

9.28

8.lnz

7.L2

6.28

5.91+

KJeJ.dahl.
nitrogen
( nslttl )

Genta¡dcln
( je/r,L )

t.24

1.21

1.06

0.89

o.82

2I

2l

28

37

ho



Figure Il. Batch fermentatlon pattern of $. purpurea enìpÌoying
sperit femenùation liqror lrith and n'Íthout glucose
and yeast extract fortification.
( cf. Áppendix tables JO,JI,33 J4 )

no nutrient fortiflcat,ion [-g
nutrient fortification Q-6

À
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rlrâs beguû aÍtey 96 hours of primary fermentâtion. rt rras observed that
Èhe initía1 level of gentamicin aË the outset of continuous fermenta-

tÍon - 58.0 )tT/nr - imnediately decreased as the conrinuous fermenta-

Èion progressed. GentamicÍn was observed to decrease continually
for the first 30 hours of continuous fermentation; thereafter it
increaged slÍghtly. The initÍal value of gentâmícin at the comrìence_

ment of continuous ferruentatíon wås never reached again cluring contin_

uous fermentation. Mycelial weight decreased for the fírst 6 hours

of continuous fermenËation; thereafter it rapidly increased for 24

hours. FollowÍng the first 30 hour period., the mycelial weight de_

creased progressively until the ternination of Ëhe continuous fennen-

tation. Residual glucose accumulated steadily and shor,¡ed rnaxÍmum

utÍlization during the perÍod of peak mycelial weight. The ptl of

the fermentatíon medium hras mainÈained at a pH of 7.2 to 7.6 by the

infusion of fresh mediurn (B) r^¡hich had a pH of 7.0.

The daËa indicated that the lowesÈ accumulacÍon of genËamícin

occurred aÈ 30 hours of continuous fermentation; this corresponded.

to maximum nycelial weight (Figure 16).

Cgnli+uous Fermentation yethod A and B Using Spent Fermentatíon Liquor
ú¡Íth Autonatic pll Control.

Gentamicin production, usíng spent fennentation liquor in a con_

iirrrrorrr culture, nethod A, Índícated. decreasing levels of genLamicin

once the continuous fermentâÈion process was inÍtiated.. The accumu_

lated levels of gentamicin from the baÈch fermentation of spen! liquor
at 72 hours were sho\,¡n to decreâse steadily (Appendix Table 37), The

data indicated thaL approximately 882 of the genta,oicin which had accum-

ulated at 72 hours of batch feïmentaÈion was 1osË durÍng continuous spe,.t



Flgure 16. Ferrnentation pattern of !L pgqpq:les using rnedlun ( B )
ln a continuous culture process.

( cf. Appendix tabfe e 35,36 )
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J-iquor fermentation.

Gentamicin accumul-ation, using continuous culture rnethod B,

shol¡ed mini:nal accumulation of gentamicin afÈer 30 hours of continuous

fermentaÈ ion (Appendíx Tab1e 38).

Comparison of the Various BaEch and ConLinuous Cuiture processes.

The various types of batch fermentatíons performed in this

investigatíon are sumrarized in Tabl-e 15. Pti.nary baÈch fernenta-

tions vhich had no pH controL gave the hÍghest yields of gentamicin

at 120 hours of fernentation. ?rinary batch fernentations, employing

autonåtic pH control, sholred slightl-y j-ower maxÍmum yields of gêntamj--

cin. These naximum yields noncalJ-y occurred at 96 hours of fermenta-

!ion. Approxinately 6}it of tne íniÈiaL glucose was ut1lÍzed. durÍng

the line taken for naxior¡m gentamicÍn accuûuLation in those prínary

batch fernenÈations r,rÍthout automatic pH conËrol. ApproxÍnateJ_y 46%

of the lnÍtÍa1 glucose r{as utll-ized by batch ferûentâtions rarith auto-

nâtíc pII control duríng the time taken for maxi.úum gentanic in accumu-

l-ation.

lfhen compared to prÍnary fermenlations, batch fernentatlons using

spent liquor showed LoÌrer values of net gentêmÍcj.n accunulation regard-

l-ess of the fermefiÈation method. Hoúrever, those batch fermenlations

usiûg spent 1íquor with auËomatLc pII conLrol weËe proven to be best

suiled for genÈanicin accuuruLatíon. In addition, ÈhÍs Lype of fer-

mentation dísplayed lhe greatest capacity for the utilízaEíon of

residual glucose froro primary fermentations. Fortified spent liquo!

fermenLaËions shoÍred the poorest accumulaEion of gentamÍcin. These

types of feñ[entations a]-so shovTed poox utÍlization of glucose.

IÍgure 17 illustrates the yÍelds of genÈanÍcin accunulated by
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using spenE liquor ín batch and contínuous fermer¡tatÍon processes.

BaÈch fermentation of spent liquor was shown to be far supeïior -
in so far as gentamicin accumulation r¡as concerned - than either

method used for conti.nuous fermentaÈíon of spent liquor.

A conparison of Lhe various båtch Èype of fermenÈalion combÍn-

aiions is presented in Table l-6. The data indicated that tr,ro prinary

fermenLatÍons wÍthout automåtic pH control would give the maximum

êI¡ount s of gentamicin. Tvo prinary fernentations rÍith automatÍc

pH control would yield sllghtly lor,rer amounts of gentaû1cin. Cornbin-

ati-on fermentations using spent liquor lríth and without automatÍc pII

coctrol indÍcaËed simi.l-ar total yÍe1ds of gentamicjn. The percent

toËaL glucose utÍlízed during fernentåÈion, !ûith the former type of

fermentation combÍnatlon, horrever, was nore efficient.
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DISCUSSION

Vegetatíve growth patterns of M. purpurea Ín a recornmended

mediun indicated very little accumulation of genËamicin; no genta-

mlcin appeared untiL 43 hours of growth. ThÍs 1ag in gentamj-cin

productíon by the vegetative organism ûay indicate that the accumu-

1aÈion of gentanicin is a property of the mature organism. By con-

trast, Èhe fermentaÈive growth of Èhe otganism shor,red a rel_ativel-y

hÍgh accumulation of gentamicin - 44.0 yg/nl - after 96 hours of

fermentation. The gentanícj-n level noticed at the cofmencement of

fermentatÍve grorrth m€'y be attributed to the bound gentamicin fraction

of the ínoculum since no oÈher sources for gentanicin I,rere intïoduced

into the fermentatíon medium. The ínocuh¡m was also washed r¿ith ster-

Í1e sali¡e solution so that gentamicín òarry over.from Èhe vegetåtive

stêge was rend.ered. impossible. The pll of the fermentation, initially

adjusted to 6.8, gradually lncreased as the fermenËatíon progressed,

reachíng 7.8 - 7.g at 96 hours. MycelÍa1 weight increased throughout

thè fermenÈation r{ithou! any signifÍcant accretion taking pLace; glu-

cose r{'as utílized s1ow1y wÍth approxÍmatel-y 627" tema¡rnLng at the end

of the fermentation.

Extending the time of ferûentaÈÍon t.o 144 hours sho¡.¡ed only ninimal-

increases in gentamicin accuuuLaËion aft.er 96 hours. Abou-Zeíd et a1.

(1974) indicated that maxímum gentaaicin poÈencies r¿ere reached within

96 hoursl thereafter they decreased.

Shake-f lask f ernentations, errploying various inoculum levels,

indicated t}j.at a 6il (v/v) ínoculun nas opt ímum for the production

of gentanícin. Inocula of I and 102 showed a loss of gror{¡th aË 72

and 48 hours, respecÈively. The observed loss of gror"lth, due to cellular
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auÈo1ys1s, may have been caused by substrate exhaustion ' neither

iesldual glucose or n1Èrogen r,"as tested' however. Toxic effects

exhibited by the accumulation of gentaEicin were unlikely since siÍr-

tlar levels of gentamicín were shoqm not to be toxic !¡ith the smaller

ievels of gentamlciri were shown not to be toxic wiÈh the smaller inocu-

lun levels. Slnce the pH of the medíun was not monitored ' it is noÈ

.knowÀ v¡hether this r,Jas also a causal factor for the cel1u1ar autolysis.

Senescence Ín the inocula was not observed to be a factor for this

autoLysls since a loss of groûtth was no! notic€d r^7iËh Èhe smal-1er

iooculum Levels. Although aLl the flasks were. placed on a roÈary

shaker, oxygen diffusion lnto those flasks containíng the larger

lnocula could have been insufficient in providing adequate respiratíon

for all the mycelia. Again, resPiråÈion rates rdere not moniËored;

thus 1t is not known exactly if an inadequate resPiration rate r{7as

êlso a factor causing autolYsis.

Shake-f lask f ermentations, using sPent f ermentations liquor'

showed a maximuu accunulation of geniamicin after 72 hours of fermen-

tation. lhe oet yield of gentamicin - 26.0 ye/nL - represented an

additloûal 67.57" of the amounE of genÈanicÍn produced by using sPent

fermentation liquor. In addiÈion' 67.77. oî the residuaL glucose

from the primary fermenLation r¿as utilized for growth and gentanicÍ.n

production. The combÍned prÍnary and sPent liquor fermentatíons Pro-

duced a total net genÈamicin yield of 64.5 Fgln:. lrith an apPropriate

total glucose uÈilization of 802. SPent liquor fermentations weÌe

observed lo atËaln a nuch higher degree of alkallnity Èhan Priuary

fer¡nentaÈLons. It ãppeared thar a plt of 8'8 to 9.0 was crltical in

apent llquor fermentaÈLons; gentanicln yields began to decrease PasÈ

thât point, r¡1th a conconltant decrease Ln the uryceJ-ial wetght.
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Glucose exhaustion did not appear Lo be a factor in these declines.

The distribution of free ånd.botrnd. genLamicin in fermenÈations

using spent fermentation liquor índicated a ïelaÈively high amounÈ

of free gentamicin in the broth aË the. coDmencemenÈ of the fernen_

tation, This high leve1 of free gentamicín was undoubtedly caused.

by the free gentanicin prod.uced during the prinary fermentation.

The 1o¡o 1evel of bound gentamicin, observed êt the stêrt of fernenËa-

tion, raras caused by that ftaction of gentamicin contained. ¡¡ithin the

myceliå of the inoculum. Approximately ZgZ of. the gentanicln produced

af.tet 72 hours of fermenËation. exÍsLed 1n the broth or free state.

At 96 hours, the concentration of free gentamícin rose to approxinately

65%, because of nycelial "otoly"i" which occurred aL that Èime. Reib-

lein er aL. (I97 3) reporËed Èha! appïoxim ately 4O% of Èhe roÈal genta_

micin produced by M. purpurea could be found in the broth or in the

free sÈaÈe; the renainder of the gentaEicÍn was contained. within the

grolring nycella. The resulÈs obtàÍned Ln spent J_iquor fermentations

were comparable with Èhê distributlon of genÈamicin in primary fer_

mentaÈions. Any discrepancy of bound and free gêntanicín in the spent

liquor fermentatj.ons can be part1a11y explalned by the inÍÈíal hÍgh

level of free genÈami.cin obtained fton Èhe prinary fermentatlon liquor.
To a lesser extent, mycelíal- âutor-ysis v¡ouId arso incre¿se Ëhe concen-

tratlon of free gentamicin iri thê fernentâtion broth.

Supplenenting spent li.quor fernentations r{,iLh cobalÈ, in the forn

of cobalt chloride, was sho¡,m to be deleÈerious for gentamicin accumu-

lation, The highest âccumulation of gentamicin occurred. when spent

Iiquor fermentatlons had no cobaLt supplementaË ion. Charney (1964)

indicaÈed Lhat cobalt !¡as not a requisite for the growth of M. purpurea
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but rather lras a requisite for the increased Production of genÈamicin.

It has been suggesÈe¿l by Charney (1964) that cobalt stÍmulates the

activÍty of an enzyme which is invol-ved in the biosynthetic pathîtay

of gentamicin. Several- enz)¡mes are knoçn Eo requ,ire cobalÈ as a

co-factor; Ín addition, many microorganisms also require cobalt as a

Èrace element. The optimulû concentraEion of cobal-t required by Ëhese

organisms, however, was dependenL upon the initial concentratj-on of

cobalt present in the growth medÍum. Synthêtíc nedia nornally required

less cobalt than did ehenj-ca11y defined medÍa, for the same microor-

ganÍsxn,

SupplenentÍng sPent 1íquor fermentations r^7Íth 0.5 grams per J-iter

calciúo carbonate incre¿sed gentamicin production. Level-s higher

than 0.5 grån¡s per ]-tter subsequentl-y decreased gentamicin accumula-

tion. The nethod used to recover sPenL ferûentêtion lÍquor from the

prinary f ermenÈatlon lnvolved centrif ugation and MillíPore f iltration;

therefore, it l¡ould apPear thât a certain amount of c¿lcír:m carbonate

r,¡as removed by virtue of Íts 1o¡,¡ solubílity propertLes. Supplernenting

fermenÈations using sPent liquor would Èhen partiall-y off-set some of

Èhat portion of calcÍuE carbonãte lost Ín Ëhe Preparation of spenÈ

f-iquor. The addition of calcium carbonate did not signifícantly

alter the pII of the fermentation.

Readlusting the PH of sPent liquor fermentaÈions to their respec-

tíve iniÈial pll values evety 24 houÌs índicated thaÊ a pll of 6'5 to 7'0

rûas the opt1mun for gentaûicin accumulation. Spent liquor feñûenta-

tions initlally adjusled to a pH of 7.0' with no Pt{ readjustmenÈs'

showed slíghÈ1y lower accuúulatLons of maximum gentamicin 1evels' The

n¿ximum accumulation of genlami-cin in sPent 1íquor ferrnentations fthich
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had no pII readjustments occurred at 72 hours, whil_e those spent liquor

fernentations having pll readjustments, showed the maxlmum accumulation

of genramícin at 96 hours. ThÍs manual adjustment of pH every 24 hours

hras not totally satÍsfactory and the effect of autoûatÍc pll control rras

furÈher lnvestigated in the latter ferr¡entor studies.

The exact effect of pll on the production of genÈamicin is noE

knornm. StudÍes carried out io this investigêtion, as weLl as those

by Abou-Zeid (1974), indÍcate thaÈ an inirial pll of 7.0 to 7.5 ¡uas

favorable for gentamÍcÍn production using fresh medlum B. ?rinary

fermenËations in Ëhis ínvestiga!íon indÍcated no decreases in the pro-

ductlon of genÈanicin because of extreme al-kaline pH. Those fer¡nenta-

tions using spent liquor, however, invariably sho!,7ed higher a1ka1lne

pll values. As. indicated earlíer, a pll of 8.8 to 9.0 caused both the

ge¡.ÈamÍcin accumuLatlon and the nrycelial rrreÍght to decrease. It lrould

appear that the high alkaline pH exhibiËed ín spent liquor ferûentations

provided for sub-optinal gtor"rth conditions. I,lhether the alkaline pH

also affected the accrEulated gentamlcin pgr gg- is not knor^m, although

Luedeoann et aL. (1963) i¡dicaÈed thaÈ gentåriicín was stable throughout

a pII rarige fron 2 to 12. other antibLotlcs have been shown Èo be

affected _by pII fluctuations in Êhe growth media. lloeksema and Snith

(1961) have shor"m thaÈ åt a pll of 7.5 novoblocin, produced by Srrqpto-

mycetes spheroides, enters the gror,Ting ee11s and produces a toxic effect,

nhile at ptl values of 8.5 this phenomenon nas o.ot no!íced. Hockenhull

(1963) has lndicated that in the fernentation production of penicÍllin,

the deveJ-opnent of pH values over 7,5, especially in the presence of

Èhe ammoniun ion, quickly lead to Èhe destrucLion of the antibj-otÍc.

The alkaLine pH exhibiLed ín spent liquor fernentatÍons nay partíâ1ly
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resuLt from autolytic liberation of anrnonía. Armonium nitrogen lras

not anal-yzed in this study. Ilowever, alkaline pll caused by anmonium

nitrogen has been reported by several- researchers including Dulaney

and Perlnran (1947) in theÍr studíes r1'íth Streptomvces griseus for the

fermentative production of streptomycin.

ÍJhether thê accumulation of gentamicin affected the pH is noÈ

knor¡n. In pri.nary fermenÈations, Ëhe accumulation of gentanícin

shor¿ed no sígns of lncreaslng Èhe pH Ëo the extent thaÈ was observed

Ln spent liquor fernentations. Geotêûicín, however, is considered

a relaÈive1y strong basic compound. Spent Liquor fermentå.Èíons rúere

shordn to contain a higher concentratíon of free gentêmÍcin, there-

fore i! riay be like1y Èhaf in these spent lLquor fernenÈations,

genÈadicin did affect the p¡I. In addition, the relative sioplicíty

of the gronth ned ium would not afford much buffering capaciÈy.

Varying concenË¡âÈlons of gentamícin sulfate, added to fermen-

tations containÍng nediun (B), lndicated no effeét on Ëhe grorrth of

M. purpurea. The addítÍon of 20.0 ¡g/n1 gentani"cin sulfate to fermen-

tatÍons enploying nediun (B) d1d, however, cause the net production

of genEanicin to decrease, In addition, the amount of gentanicín

deternÍ¡red aÈ 24 hours of fernentation, was lower than the amounË

of gentanicin deter¡uined at lhe start of fermentaÈíon. Ãfter 24

hours. the gentamicin productíon increased. The fact that 20.0

JIg/n]- gentanicin sulfate had no effect upon the growËh of the organ-

1sm, but rather on the production of gentamicin, may possibly suggest

some type of feedback control mechanism,

Fl-ask fermentations enploying various conceritrations of spent

liquor indicated a progressÍve decÍeêse Ín the maximum gror{th of
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M. purpurea as Èhe concentratlon of spent 1lquor was lncreased. A

concomitant increase in the pH of t.he nedium also resulted as the

concentration of spent liquor was lncreased. Gentamicin production

was observed to be inversely pïoportional to the initial concentration

of spenÈ fermentation liquor. Since the additio.-r of genEamicin sul--

' fate to nediun (B), in previous studies, did noÈ significantly alter

the growth of M. purpurea, it would seen likely Èhat the free gentami-

cin portion contai.ned LriÈhin the spent liquor would also not âffect

thè growËh of M. Þurpurea. Increasing the concentration of spent

fernentatíon liquor did, hor,rever, cause greater i.ncreases ín alkaline

pE. The i.nÍtial coneentration of ftee gentamicin ín the spenÈ liquor

may have exhibited a cotlaborãtive effect with Èhe alkaline pH,

1.e., the free gen:amicin 1n the fermentatÍon liquor may have

caused gentamicin accumulaÈions to decrease, as was shom with fresh

bloth, rrhile the alkaline pII nay have caused cellular growth to

decrease, as ças observed Ín previous sÈudies.

Spent liquor fermentalions fortified r^ríth glucose and yeast extract

¡¡ere shown to favor growÈh and gentâEÍcin production when coupared to

sÍmilar fermentations having no nutrient fortification. The data

Índicated that a net maximum production of 29.0 !g/ml gentanicin

resulted with nutrient fortificatlon, as opposed to a net maxlmum

production of 23.0)g/n1 gentamicin produced vrithout nutrient fortif-

lcation. Approxinately 592 of the residual, primary fennentation glu-

cose !ùas util-1zed in those fernenÈations rtriÈhout nuÈrient fortLfÍcaÈion.

ApproxLnaÈely 452 glucose was utillzed ln those fernentations which

had glucose fortiflcation. Fortifying spenÈ liquor fermentatlons,

åt least rrith glucose and yeast extract., fndicated lLttle nutrltLonal
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benefits since both glucose and Kj e1dah1 nilrogen !¡ere not 1imíting

factors in the fernenÈati-ons i,¡hich had no nutrienË fort.if i.cat íon.

The fact that glucose r.ras more efficiently utilized by spent liquor

fernentatÍons whÍch had no glucose forÈification indicated that the

fortÍfication offered only little advanÈage ín increasing the yields

of gentamicj-n. It was observed, hoe¡ever, that those spenL Liquor

fernentations vhich had nuÈrient forÈificaÈÍon shor,Ted sí,ìa11er Ín-

cÍeasea i.n pII, especially after 48 hours of ferrnentatíon. This

resulÈed in the increase in gentamicín accr¡mulaËion, It ís not knor^m

exactly hor¿ the addition of glucose or yeast extract affécted the pll

differences between fortifled and non-forÈÍfied speflL liquor fernen-

tati.ons. The acfd-base properties of yeast extract, i,e. anino acid

'and peptides, coulcl conceivably offer some Lype of buffering capaciÈy

Ëo the ûedilrm. The mêin species of amino acids found in yeas! ex-

tracÈ í.e., aspartÍc, glutamic, leucine, lysine and al-anine, however,

do not sho¡¡ sígniflcanr buffering câpaciry at pII 8.0 (Brídson and

Brecker, 1970).

tr'er:nenÈatÍons usÍng a 14-1iter fernentor Ìüithout pil control gave

a maxímum êccumulation of 60.0¡g/n1 getrtanicin at 120 hours of fer-

menÈation when fresh nediun (B) was used. Thê greatest accretion

of gentaú.icin rüås noled at 48 hours of fernentation; thereafÈer it

increased at a steady rate untl-l the tetminatlon of the fermentaËion,

Glucose and Kj eLdahl nÍtrogeû decreased progressively; Kj e1dah1 nÍ-

trogen increased slightly aÈ l-20 hours, This was presumabl_y because

of the cellular autolysis r^rhÍch rras i.ndícated by the loss Ín mycelial

l7efght. The pit of the fermentation, initial-ly adjusted to 7.0, showed

a slight decrease aL 24 hours; thereafter it conlinuall-y Íncreased.
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The deerease ln pH at 24 hours r,ras not lypical in any shake-fl-ask fer-

mentatíon performed in thls study and oay have been caused by the tem-

porary accumulatlon of organÍc acids brought about by proJ,iferous gro$rth.

Approximately 601¿ of the Ínitial glucose was utílized during the fermen-

tatl"on. Studies conducted th.olrgho.rt thj.s inves;igåËion have shown thât

nycelial grorTth and gentamicin activity were unrelated' although the

increasing nycelial weighÈ in any one fermentâtion study usually cor-

rel-ated n¡íEh increasing levels of accunulated gentamicín. The decline

ín rnycelial lreight, however' did not always bring about a concomitant

decrease ín gentamÍcin levels. In many instances ' a decline in urycelial

weight still- exhíbí.ted increasing values for gentamicj.n. Since Lhe

Èota1 amounÈ of genÈarnicin was nonitored' increases in gentamicin Pro-

ductlon could not oe aÈtributed to gentamicin released Ëhrough âuÈo-

lysis. Gentamicin producÈion perhaps could continue through senescence.

Legator and Gottlieb (1953), Ín their studies with chloranphenicol,

found that peak antibiotic production occurred 48 hours after Eaximum

grordth was attained. Dulaney and Perl-rnan (l-947) aLso rePorted that

streptomycin producÈion continued Èo increase desPite a decline in

Èhe nycelial weíght. SÍniLar fíndings have been reporÈed fór other

antíbiotlcs including penicillin (Bronm and ?eterson' 1950) '

Fermentor studies using auÈomatic pll conÈrol índicated chat the

naxÍmun yield of gentamicin accumulated r,tas slightly loh'er than in

those fernentor sÈudies havlng no PII conÈÌo1. Genta¡níc Ín accumulation

1n the fornet case occurred at 96 hours of fermentation rnthen Èhe pH

was regulated to 7.0. The uraxinurn rnycelÍal r¡eight' however, I'tas hÍgher

than similar ferlnenÈor studies without pH control. The resulËs of these
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fernentor studies using fresh úedia indicate Èhat an Ínitial pH of

7.0 i.s optÍmum for nycelial growth but thaÈ a sli.ghtly higher pH is

indicated for opljnuo gentamicin accumulatiori. Since rhe normal pH

range for uncontrolled pE fernentations is from 7.0 to approxinaËe1y

7,7, ít would appear thaL a plt of 7.4 to 7.5 r¡ould be the opt imum

for gentamicin accumul-aÈi.on. The hÍgher pH value requíred for ¿he

optimum gentamicin producLion could slow dor^m nycelial growth and

allor,¡ more suÍtab1e al-location of nutrienÈs tolrard gentaûicin bio-

synthesÍs rather than nycelial biosyrithesís.

Batch fermentor fermentations usíng spent 1Íquor r{títhouË pll

control produced a net yÍeld of. 23.0 ¡g/n1 gentanÍcin aÈ 72 hours

of fernentatlon; this was comparable Èo the net gentamícin ylel-ds

produced in shake-flask fermentations using spent liquor. A sinilar

pII increase was observed, The initÍal pH of Lhe ferûentation r^7as

adjusted to 7.0, and it r'ras sho$n to increase sÈeadíly ês thê fermen-

tation progressed, reaching a fínaL plt of 9.0 at 96 hours. The

increase in pII, wiÈhin any 24 hour Period' r,¡as sho¡,¡n to be much

hígher than those plf increases observed in similar ferúentations

using fresh med j-r:m. Onee the pl{ of the spent 1i-quor increased

pasl 9.0, decreases in myceJ-ial- weight and gentani.cín accumulaÈ1on

rr¡ere observed.

Fernentor fermentations usÍng sPent liquor stith autoû¿rEic PH

control adjusted to 7.0, showed maxímum accumulation of gentanicin -

30.0¡e/n1 - after 72 to 96 hours. No decreases Ín nycelial weight

r¡ere observed in this fermentaËion. ApproxÍnately .582 of the residual

gLucose from the primary fernenLatLon was used. Sinilar fermentor

fermentations r,Tithout automatÍc plt control, used approxinateLy 5L/.
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of the residual glucose from Èhe prinary fermentation. Maintaining

a constant pll in spent llquor fermentations was found to be advan-

tageous for increased production of gentamicin; Èhe efficiency of

glucose utilized was also improved. The absence of a high alkaline

pH, as observed in Ëhose spent liquor fermentations wiEh automaÈic

pll control, definitely stÍmuLaËed gentamicin production and mycelial

gror,rth. The presence of a high alkaline pll, as observed in spent

liquor fermentations vrithouÈ automaËic pH controL' is therefore

definitely deleterious for maximum genÈåmicin productíon and deferred

myceliaL autolysis.

Fortifying spenË liquor Jermentations, wíth gLucose and yeast

extract trithout automatic pH control gave s1ight1y, lower values for

accumulated gentamicin than did sÍmilar fermentations rtithout nutríent

forÈificatÍon. Approxiriåt eiy 36% glucose r,7as utilized in these fer-

mentations as conpared to 5L7. ltíLized by sinilar fermentations r{tithouÈ

fortification. Both types of fernentations showed si¡nilar pH ranges

during Èhe fermentatíon period; no buffering of Èhe pH was observed

by fortificaÈion as was the câse in the shake-fLask fermentations.

The lack of buffering capaciLy in these fermentåtions can perhaps be

atlrÍbuted to the more vigorous grorrth of the organism than that ob-

served Ín shake-flask fermentations- Since nutrient fortification

of spent l-lquor only sl-ightl-y Íncreased the levels of accumulated

gentamLcin, wlth a less efficient utilizatloû of glucose, Ít was

decided that any further studies involving mttrLent fortificatlon

should be omitted.

Flnal studies ln thls lnvestigaÈion cenÈered on conEinuous cul-

ture processes using both ned lum (B) and spent l1quor, The aÍn of thls
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partlcular study wås not Èo run a contlr¡uous fermentation egl :9,
but to compare the.yíelds of gentamicin accumulated and the amounËs

of glucose utilized r,rith batch ferúentations employing the same

medla,

Iiritlal studies, perforned with rned iun (B)¡ indicated Èhat the

continuous fernentatj-on produced far less amounts of gentamícin than

díd batch fenûentations. The yields of genramicin decreased throughout

'uost of the continuous fernentation, showing only a slight Íncrease

â.fter 126 hours. Ihe initial 1evel of genramicin - 63.0 jg/nt -
obtaíned at 96 hours of prinary batch ferxûentation r^ras never main-

ÈaÍned during the continuous fernentatíon. The gtorarth of M. purÞurea,

however, Èhrough most of the continuous fermentaÈion, did maíntain

iÈs inÍtial level. Glucose accumulated gradua11,., as the conEinuous

fermentatÍon progressed. The uneconomÍc utilization of glucose and

Èhe loss of gentamicin in Èhe harvested btoth indicaÈed that å con-

ÈÍnuous run fermentation r¡as ûot as practical- as a batch fernentation,

at least wíthin Ehe parameters of this investigation. Since nycelial
grosrth and gentamicin ptoduction are unrelaÈed, other païameters

under investigation should Íncl-ude Eethods of increasing the genta-

micin 1evel .ær Sg. 0n1y one diluti.on rate, D = 0. 0al6 hr-I, was used ,

and Èhis corresponds to complete medium exchange $rithin 24 hours.

A fasÈer exchange rate was considered krasteful r^ritb respect Èo glu-

cose utllization, while a snaller exchange rate was not possibLe Ì,rith

the equipmenÈ available. ALthough the Kjeldahl nitrogen rlras not mon-

ltored fn the fermentation, a rapld supply of nitrogenous substances,

offered by a high medium exchange, could conceLvably favor proÈein

synthesls and new cell forrnatLon; thus Èhe supply of carbohydraÈe
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soul-d be directed to the formâtion and subsístence of mature nyceJ_ia.

Continuous spent liquor fernentatÍons irere also shoi¡n to be

dÍsadvantageous for the accumulation of gentamicín, ¿t least r^rithin

the parameters of this study. Method A exhibited a steady decline in
gentamicin accumul-ation r¡hen the continuous process r,7as initiated.

Approxinately 882 of the gentaúi.cin found at Èhe stârt of the contin-

uous process r,¡as lost during the remainder of Èhe conËinuous fermenËa-

tlon. In method B the yiê1ds of gentanícin accu¡nul-ated were uínÍmal

and far ínferlor to method A.

Examining thê data obtaÍned fron the vari-ous batch-type of fer-

úentations, lt. ¡¡as observed thaË prinary fernentaÈions using fresh

nediun (B) accumulated the highest amounts of gentamÍcin after 120

hours of fermentatÍon $¡íthout automacic pH control. Spent liquor

fermenÈations, on the othet hand, requÍred automatic pH control in

order to achieve màximum gentanícin yields; these occurred after 96

hours of fermentaÈÍon. lhe use of spent. fermentation liquor obtaÍned

from prlnary genËamÍc1n fermeîtations resulted in an addÍtional 30.0

,g/nl gentanicin. trfhether Èhe extra a¡ûount of gênÈamicin produced.

Èhrough Lhe use of epent liquor is r¡arranted wfl1 depend upon the

relat.Íve cost and time requíred Èo achieve this êdditíonal- gentâmicin

when cornpared to the relative cost required Èo run another prinary

fermentation. If a conparison s¡ere mâde among the toÈal volumes

of fermentaÈion broËh used, the efficl-ency of glucose utÍlízed and

the total gentaDicin produced, it would appear that tl,ro prÍnary fer-

mentaÈlons run simultaneously, or consecutively, would be superior to

a primary fermentation follov¡ed by a spent liquor fernentatÍon, or

both run si-multaneously. The Èwo ptínary fermentations would be
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superlor lnsofâr as to Èhe total anount of gentanlcln they produced;

however, the advantages of reduced fermentation volumes and íncreased

glucose utilization in relaÈÍon to the total cost of the fermentation

operåtion, can be evaluated only after preclse cost figures are deter-

mined .
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STJMMARY

Prelilrinary studies using Micromonospora purpurea in a spent

fermentation liquor nediurn shoned that sufflcient amounts of gentami-

cin were accumulated to warrant additÍona1 studies. Shake_ftask fer_

mentaÈi.ons established that calcíum cârbonaÈe, but not cobalt, was

essenÈial ín obtaining maximum yields of gentamicin in spent liquor.
In additlon, lt l^ras esÈablished that Èhe conttol of pH frour 7.0 to
7.2, by neans of auÈomatic pH regulators, enhanced the accr¡mulatÍon

of genÈanicin.

The accr¡mulation of gentamicin and the growth of M. purpurea

lras sholrn to be ínversely proportíonal to the initial concentration

of the spent liquor used in the fermentation. An increase in pH

to¡rard the alkaline side apppeared to be one factor causing d.ecreased

amounts of accumulated gentamicin. Ihis phenomenon also a.ffected.

Èhe grorÀ'Èh of the organÍsrn. pH values of 8.g or higher, in spent

liquor fermentations, decreased the accuEulation of genÈamicin.

suppl-enenting glucose and yeast extract into spent riquor fermentâÈions

afforded no greaÈ advantage in incïeasing the 1eve1s of gentâmicin.

Studies using a conÈj"nuous fermentation process shoÌ¡ed. this
nethod to be ineffecÈÍve in achieving a constant production of genta-

micin regardless of the type of medÍun used. Batch fermentations

¡¡ere found to be Èhe superior node of fernentation. prinary fernen_

taÈl"ons r,,'Lthout pH control followed by spent liquor fermentations rùith

pH control gave the best cumulative amounts of gentamicin.



CONTRIBUTIONS TO IQ.¡OWTEDGE

The major contributions to knowledge nade by this study are:

1. Gentamicin, a wLde-spectrun antlbiotic" was produced in a submerged

fermentation process utllizing spent liquor obtained from primary

gentamicin ferDentations.

2. conditions of spent J"i.quor fernentâtion established that calcÍum

carbonate, but not cobalt, was requíred as a necessary supplemen-

tary agenË. Automatic pll control fron 7.0 to 7.2 was necessary in
order Èo lealize maximum yields of gentamicin in spent liquor
fermentation. It r,ras aLso shol"In that spenÈ liquor, dependÍng

upon its concentrãtion, exhibited inhibítory effects toward.

the growth of M. purpurea and tor¿ard its ability to produce

gentamÍcin.

3. Ptrimary batch fermenations exhi.bited the híghest accumulation of
gentamicln; continuous fermentation processes using both fresh

and spent broth were unsatisfactory.

4. Primary batch fernentations r¡ithout pH control, follor^red by batch

spent J-iquor fermentations with pI{ conttol gave the highest cumu-

J-ative yields of gentanicin.
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RECOMMENDATIONS FOR FUT1JRE TNVESTTGATIONS

Possible Research Areas l

1. To sÈudy the gror,Tth requireEenÈs necessary to achieve maximum

producLÍon of gentanicin in spent liquor fernentations.

2. To study the inhibiÈion parameters governing the gror'¡th of

M. purpurea and its ability to produce gentamicin both in

primary and spent liquor ferrnentations.

3. To investÍgate the use of physÍco-chenlcal- oethods as a means

of elininating Lhe buil-d-up of toxic compounds.

4, To invesEigate a cyclical fermentaËion Process using sPent

liquor .
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APì:ENDf CES

Appendtx table 1. lhe vegetatívg cr-owth of g. ry1 in a sta¡ch
based ¡iedirrrr ( B ) eÈ 35'C.

Fernentation
¿ue ( h¡s )

þcellal
weiebt
( ncl,tI )

pE Residuaf carbohydrate Genta¡ici¡
as ( Fe/* )

slucose starch
T o'el*r ) ( ncl¡r1 )

1þ1â1 1

o

Z+

48

72

96

fr1al 11

o

24

48

72

96

6.ê

6rg

7.L

7.2

7.5

6.8

6.9

7.2

7.L

7.6

.t+

0.76

L.59

2.58

4.o2

tf

o.69

t.66

2.9ê

l+.62

!1.84

n.oo

26.22

2J4.56

2t.67

tl .8t+

26.97.

25.79

2J+.O1

2f .79

25.06 O.O

24.30 o.o

23.59 1.0

22.10 2.O

19.50 4.0

25.06 O.O

Z+.4 o.o

23.* 1.o

Ð-.60 2.o

L9.6t 5.O

x $celi.al growbh too s:mêll to calculate.



. 113

Appendir table 2. I?¡e fernentatlve gror*th of $. pr¡¡purea in a glucose
based ¡rediu¡r ( B ) at 3O'C .

Fenlentation
tlne ( hrs )

þceIiaJ.
fleight
( nglrr )

Residu¿]
plucose
( rsltl )

pH Gentanfcin
( w/^t )

Tria1 1

o

24

48

72

96

f¡'LâL IL

0

24

48

72

96

6,9

7.t

7.3

?.5

tô

6.8

7.o

7.3

7.5

7.8

t.56

2.89

3.68

4.1+3

4.74

t.78

2.59

3.96

À.r+0

4.69

to.67

9.43

8.L5

7.O2

6.46

].:o.67

9.1+O

ê.32

7.t2

6;78

3.o

L]..0

t*.9

8.O

I+2.O

3.o

9.O

19.0

30.o

l+5 .o



Appendix table J. Ttre effect of increasing the ti¡re of fer.rmentatl-on
on the productLon of gentanici-n.

lial- I

FernentatLon
ti¡e ( h¡s )

Genta¡rlci¡
( ncl81 )

?ria]. 11

Fe¡¡æntatLon
ti!ûe ( hrs )

Genta¡dcin
( psl*r )

0

2l+

¿6

72

96

1æ

l4lt

0

2Ã

4ê

72

96

I20

].,l¿,',

l+.0

8.0

22.O

3A.O

36.o

41.o

t*O.0

4.o

9.O

z7.o

37.o

42.O

l+I+.O

À¿.o



Appendlx table 4. Slze of lnocu].rn sn¿

Trial 1

Inítial
fnocu].un
(%v/v)

!þeHal weight
( tnclr'l )
GentanLcLn
( Æ/nr )

Myce1lal rveight
( nel'¿ )
Gentanlcln
( ye/* )

Mycelial r*eight
( rcln1 )
Gentanlcin
( yc/r,¡- )

l,fyceüal weight
( nclnl )
Genta¡ricin
( ye/nl )

lfycelial welght
( ne/tr,I )
Gentamicln
( ye/rù )

productlon of genìar5-cin.

Fernentation tfme ( hrs )

OZ+48

0.88

JI

I.lt6
t+

2.50

t+

3.20

lf

4.r8

lf

10

t.67

I,O

2.OL

7.o

3.æ

9.0

4.8o

18.0

5.25

2r.o

2.49

15.0

3,O5

16.0

4.50

26.O

5.90

32.O

6.o4

29.O

12

+ Not deter.urLned.

3.06

2J+.O

3.95

27.O

5.?J

L6.o

6.42

l+6.o

5.50

32.o

96

3.o9

31.0

l+.65

38.0

6.61

50.0

6.r0

55.o

5.00

t8.o



Appendf.x tablE 5. Slze of lnoculum ¿n¿

Tria1 11

Inltia].
inocu}ur
(ßvlv)

þceltal weight
( rslr1 )
GentanlcLn
( relrù )

þcellal vreight
( nelr]. )
Gentanlcln
( Æ/'t )

Mycelial weight
( nsl41 )
Genta¡nlcLn
( Æ/rú. )

Mycell-a1 weight
( 

'clrlr )
Gentar¡icin
( ys/rnt )

þcellal welght
( nelnr )
Gentamicl-n
( ye/ø )

product!.on of gentamicLn.

Fernentation ti¡re ( hrs )

O 2t+ l+S

o.76

t¡

t.52

l+

2.t+6

.É

3.33

4.00

Jf

IO

L.56

8.0

2.Ð.

10.o

3.o9

u.o

4.65

16.o

5.73

22,O

2.1+2

14.0

3.t9

a..o

4.r0

29.O

5,56

29.O

6,st

35.o

72

ìt Not deterrnlned.

3.L2

27.O

4.25

33.o

5.32

52.O

6.oo

48.0

5.67

I+2.O

96

1r.42

36.o

5.10

l+2.O

6.o9

61.o

5.1+2

51.o

5.oo

l+2.O



Prfinery ferrnentatLon.

Fertentatl-on Dll
tlme ( hrs )

o

u
I+8

72

96

7.O

7.3

7.1+

7.6

7.5

Spent J.iqror fementatLon.

o 6.9

2t+ 7.5

48 8.0

72 8.6

96 9.1

Residual
glucoee
( tel*l )

LO.22

9.56

8;O0

7.t2

6;00

þceJ.tal.
wolght
( ,ru/tt )

2.12

3.21+

4.10

5.06

4.6t+

Genta.nlcfn
( ye/r* )

6.25

5;oo

3.7e

3.OO

1.89

2.O

6.o

17.o

30¿O

I+6.O

1.80

2.5ê

3.20

2.51+

2.00

15.0

n.o

37.o

40.0

26¿O P
ts\¡



Appendix table 7. l1¡e effects of using spent Lf.quor for the productlon of gentanlcLn.

Prùnaty fer¡nentatlon.

Fer:nentatLon
ùlne ( hrs )

o

u
48

72

96

pH

6.9

7.2

7.3

7.5

?.8

Spent liqrror fermentation.

o 6.8

Z+ 7.4

48 8.0

72 8.6

96 9'2

Resldual
glucose
( ¡qelnr )

10.09

9.1+O

8.10

7.00

5.85

þce11al
we3-ght
( uelnr )

2.4'

3.li+

,+.40

5.00

4.35

Genta¡l1cin
( Feltt't )

6.tz

5.U

3.1+2

2.98

2.10

4.0

10.0

21.0

35.o

37.o

2.00

3.10

l+.06

3.1+O

2.60

18.0

25.o

36.o

45.o

34.o



Appendlx tabre 8- the distributLon of bou¡rd and free gentarnicin i-nprirary f ennentations.

Fe¡øentation
tine ( nrs )

TotaL
gèntanl.ci¡
( w/nt )

Free l6rrnel
genta.nicin eentamicl.n( rc/a ) ( IB/ßt )

lbtal L

0

24

48

72

96

Trial 11

o

24

48

72

96

6

10

19

28

3L

6

t3

30

4L

48

5

9

t6

23

29

5

11

26

37

I+5

0

3

l_1

13

17

0

2

10

1À

r6



Appendix table 9. Ttre distribution of bou¡d and free genta,uLicln l-n
fe¡rnentatíone e'nFloying spent fermentation liquor.

Feruentation
tine ( hrs )

TotaI
Eents¡Lcin( x/rr )

sentamicin
I vc/rt )

Bou¡d
pent¡ni cÍn( lslrr )

Trial 1

o

24

48

72

96

H.å1 It
0

Z+

Às

72

96

18

28

39

l+7

36

18

30

43

50

34

3

9

t7

2J

L2

t5

19

22

26

2lr

t6

1n

23

25

2J+

¿

t3

n
25

10
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Appendix t¿ble 10. Influence of c obalt
in prinary and sPent

on the productlon of gentanicín
liquor fermentations.

Trial L

Fer$entation
ti¡re ( hrs )

Gentarnicln ( ye/rù )

BC

o

2l+

48

72

96

l+

u
26

39

5o

1Ê

2lr

36

4?

39

16

26

33

1+2

¡11

30

38

40

1ó

22

A. Prinery fe¡rnentation contaíning rec onnended level of cobalt.
B. Spent liquor fen¡entation w,ith no Co supplenentation.
C. Sþnt l-iquor fe¡uentetion lrith 0.16 gg,/ml cobalt supplenentation.
D. Sþent liquor fertentation viLh O.32 )¡E/¡ù cobalü supplenentaiion.



Appendix table 11. Influence of cobalt on the production of genta¡¡icin
in prfuary and spent liquor fermentations.

Trial LI

Fenrentation
ti¡re ( hrs )

Genta¡nicin ( ye/n )

BCD

o

24

48

72

96

6

12

28

37

48

20

26

l+o

5o

41

I6

22

3t

l+4

40

f6

23

32

41

40

A.
B.

D.

Pri!'ary fermentation contaÍnLng reconsnended level of cobalt"
Spent liguor fe¡mentation with no cobalt supplenentation.
Spent, ì-iguor fe¡nentatLon rrtth 0.16 J¡g,/El- cobalt suppleuentation.
Spent l-lguor f errentation with O.32 .¡ae,/nl cobelt eupplenentatLon.



Àppendlx table 12. Influence of calciurn carbonate on the productlon of
gente¡nicln 1n primary and spent liquor fermentations.

Trial- L

pH 6.9 ?.L 7.3
Gentenicln
( ye/'rl ) ¡' 12 33

pH 6,9 7.o 7,5
Gentanicin
( ye/ñ- ) zL 2s iz
pH 6.9 7.o 'l .4
Gentamicl-n
( ye/nr ) r9 25 t+3

pH 6.9 7.o ?.1+
Gentamlcin
( ye/n ) r9 u+ t+t+

B.

c.

D.

Fe¡r¡enùation. tt¡ne ( hrs )

2t+ 48 ?2

Â. Prirnary ferrnentation wlth reco¡¡oended leve1 of CaC01.
B. Spent l-iquor fernentation wlth no CaCOI suppleurentalLon.
C. Spenù li.quor fennentatlon wlth O.5 graiÂiter CaCOI supplernentation.
D. Spent i-iquor fermentation wlth 1.O gram/l-lter CaCO\ supplement¿tlon.

7.5

48

8.1

4l+

8.r_

47

8.2

46

96

7.8

59

8.8

41

8.7

46

ol

l+3



Appendirc table lJ. Influence of calcium cerbonate on the productlon of
genta,nicin ln prlmary E¡¡d Epen¿ lj.quor ferrnentatlons.

Trlal ll

pH 6.9 7.1 7.3
GentanLcin
( ye/nl ) tr L2 33

pH 6.9 7.o 7.5
Genta¡rlcin(ye/n) ¿ 28 37

pH 6.9 7.o 7.4
Gentamlcin
( pe/rù ) r9 25 L3

pH 6.9 7.o 7.t+
GentarnLcin
( ye/nL ) r9 z)+ 4t+

B.

c.

FernentatLon time ( hrs )

24 48

A.
B.
c.
D.

Prin¿ry formentation lsl-th reconnended level of CaCOa.
Spent llguor fernentatlon with no CaCOo eupplenentalion,
Spent liquor fer¡nentation !¡ith O.5 graly'LILer CaCOo supplenentatlon.
Spent lJ-quor fermentation Ìrith 1.0 gram/titer CaCOJ supplernentetion.

72

7.5

48

8.1

I+7

8.1

47

8.2

L6

96

7.8

59

8.7

l+6

8.7

l+6

9.1

l+3



Appendtx tablle 14. Ihe effect of pll adJustnent.on the productlon of gentamLcLn
using spent fermentatlon llquor.

1þ1a1 1

pIt
Genta¡nicin
( ye/rrù )

pH
GentanrtcLn
( ¡/'r )

pH
GentanLctn
( ¡elrr )

pH
Gentanrì cln
( ¡elnù )

o*

5.5

Ll+

6.'o

3+

6,5

14

7.O

1¿

FerrnentatLon tl-ne ( hrs )

2l+ lt$

5.8

T2

6.3

t4

6.9

r5

7.5

L7

+É These vaLue s represenü lnltlal pH value s of the rnedla . pH values other than at the connencenent
of fen¡entati.on represent pll value s of the fermentation prior to adJustnent.

5.7

r.6

6.5

,18

7.o

22

7.7

26

6.2

22

7,o

26

7.3

3I

7.6

34

96

6,9

30

7.2

33

7.5

lrl+

e:2

l+7



appendix tabl-e 15. lhe effect of pII adJusùrnenù on the productLon of genùanf"eJ.n
usfng spent fe rmontatlon liquor,

lrial 11

pH
Gentanlein
( pel'l )

PTI
GentanicLn
( ye/nt )
pH
Gentanicin
( ye/r'ù" )

pH
Genta¡rLcin
( ye/où )

0*

5.5

14

6.o

14

6.5

14

7.O

u

Fenæntatlon tt¡re ( hrs )

24 48

5.7

14

6.6

l_5

7.O

18

7.5

Ð

'It These val-ues represent inltfal pH veluee of the ¡redLe. pH value s other than at the conmencernent
of fernentatlon represent pH values of the fementations prLor to adJustment.

5.9

t7

6.7

20

7.2

25

7.à

30

72

6.0

û

6.8

zl

7,3

36

8.0

37

96

6.6

25

7.o

36

7.6

tB

8.À

48



Appendix table 16. Gentanicin ¡rroduction at pH 7.O uslng spent
fer¡nentatlon lj"qr¡or l¿thi4rtthout pH adJustnent .

Trial I

Fe¡:mentation
tiue ( hrs )

pH Gentamicin
( lslnl )

0

21..

Ir8

72

96

7.o

7 .l+

8.0

8.6

o1

7.O

7.4

8.o

8.1

8.1

L5

25

39

44

3ô

L5

)1

30

,r1

l+l+

lria1 IL

0

24

j)8

?2

96

7.O

7.1'

8.0

ê.7

9.2

7.o

7.5

7.8
?to

â.2

t,
23

37

41

32

15

20

28

37

lt5

A. No pH adjustnent
B. pH adJustnent every ã hourE. The values shol,,n represent the pH

of the fementatlons before they were adJusted back to pH 7.O.



Appendlx table 17. I1¡e effect of gentanicl-n sulfate on the growbh of S.. ourpurea in ¡nedium ( B ).
Trla1 I

Genta¡rlcln sulfate
added to nediun
( ye/t )

0.0 I'fycellal weleht,( nsl'l ) -
Re sidual elucoge
( ntg/¡nr )-

Wcellal weighù( tel,nl ) -

5.o

10.o

FermentatLon tl¡re ( hrs )

2J+ ,rB

Re slduaL glucose
( dnr ) s.sd

$cellal- welght, 1.85( ne/nr )
Resldual sl-ucoge
( ne/Íù )- 9.56

þceIlal- welght 1 ôÂ( neÁ,l ) -'"'
Resldual glucose
( neln} ) ,.r,

1.85

9.56

1.85

2.60

8.21

2.71+

8.12

2.70

6.30

2.77

8.31,

3,75

7.11

3.66

7.23

4.o1

7.00

3.99

7.r8

t+.75

5.92

4.8o

6.00

5.1r

5.æ

5.00

5.77

96

4.70

5.L2

4.65

5.5'

1r.85

5.55

t+.9,

5.22



Appendlx table 1f (contlnued). 
TiïÍ{iått"i Sentanicin 

sulfate on the growth of $. nurpuree

GentanLcln sulfete
added to rnedium
( ye/rnt )

20.0 l"ffceì-ial weight
( relrl )
ResLdu¿I glucose
( relr1 )

FerrnentatLon tfue ( hrg )

2t+ L8

1.85

9.56

2.68

8.22

3.78

7.65

4.79

5.2L

5.00

l+.93



Appendix tabl-e l-8. Tl¡e effect of gentalrLcln sulfate on the grorvth of M. purpu¡ea in me¿ir¡m ( B ).
Trlel 11

Genta¡nLcin sulfate
added to medLuh
( ye/rut )

o.0

t,o

lfycelia1 welsht
1 ¡slnl ) -
Re sidual- pLucose
( *e/nr )"
l$cellal welght

( ngl¡nl )
Reeldual plueose
( ¡¡eltnr )-

þcelIal welght
( nrelnr )
Residuat plucose
( ¡nelrl )-
{ycellal r,æleht( nrel¡nr ) -
Residual glucose
( oslnr )

5.o

Fernentatlon tinre ( hrs )

2J, 48

l0.o

1.85

9.56

r.85

9.56

r.85

9.16

1.85

9,56

2.76

8.or

2.65

8.22

2.70

8.30

2.77

8,r2

3.96

7.00

3.'12

?.r2

3.82

7.22

3.99

7 .Ol+

12

L.e9

5.79

l+.72

6.31+

l+.92

6.00

5.o9

5.85

96

l+.40

,.08

l+.70

5.7?

5.00

5.L2

l+.79

5.00



Appendix table 18(contlnued). 
Ti"Jåitrt("å gentaralctn sulfate on the growth of [. purrmrea

Genta'¡l cln sulfate
added to nediu¡n
( ye/r,ù )

20.0 þce1laL welght
( ¡ne/fl )
ReeiduaL plucoge
( tel,'ù )"

FermentatLon t1Íre ( hrg )

O2/+48

1.85

9,56

2.70

8.43

3.92

'l.l+O

5.00

5.78

5.o9

5.t2
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Appendlx table 19. I?¡e effect of gentarnicin sulfate on the -production
of gentar¡J cin Èy ¡ç purnurea in nedtr¡¡r ( B ).

1b1¿1 I
Fe¡ne¡tation
tine ( hrs )

Gent¡nicin Je

( ¡elÈl )

o

24

48

72

g6

?I

t7

2b

35

49

t

ró

36

l+5

lrt¿1 11

0
,

24

48

?2

96

2

L3

2'

39

47

2J

19

2l

32

Ii+

A.

B.

lå

Genta¡nLcin sulfate sbandard ( n.O yg/nl ) added at the start
of fennentatlon.

No additlon of gentanicil stlfaie at the Etart of fennentation-

Refers to the total anount of gentanicin p¡e senL at tl,ne of
asse¡¡.



Appendlx table 20. ?he growth psttern of $. pgxg¡xeb ln var¡rlng, concentr4tions
of 6pent felaentatlon l"Lquor. .

Trial L

À. pH
lfvcelial
wärght ( nslur )

B. pH
WceIlal
r¡eleht ( tnc^ù )

pH
l4ycel"l-al-
wãrgnt ( ns/rnl )

pH
Mycellal
weleht ( nre/tnL )

pH
!fuce]-la]-
räreÌtt ( re/nlr )

c.

D.

6.9

1.98

6.9

1.e9

6.9

r.98

6.9

1.98

6.9

1.98

Fermentatlon tl¡re ( fu:s )

2h I+8 72

E.

7.3

3.r0

7.5

3.û
7.5

2.70

7.6

2.1*O

7.â

2.1-o

A.
B.
c.
D.
E.

Fe¡mentatl-on usl¡e ?5Í fre eh nedturn ( ¡ ) an¿ 25ß apent fernentatlon lLçor'
', -5ú " 5ú r
t 25ß n 759lt gs n tooÉ I'

Fermentatlon uelng concentrated ( Iyophlllaed ) gpenü fernentetlon llquor.

7.6

L.^
7.9

3,74

8.0

3.@

8.1

3.r0

É.6

2.10

7.9

,r.90

8.7

3.65

8.6

2.70

8;8

2.60

9.2

t.6ó

96

815

4.65

9.r

2.70

9.1

2.50

9,2

2.10

9.2

I.rlo



t\ppendlx table 2L. Ttre growth p¿t!6rn of Ì1. purputea ln varylng concentratlons
of Epent fe rrnentatfon liquor.

Irlal 11

A. ptl
!fucel1al
r¡etght ( nc/¡n1 )

B. pH
lffcellal
weighù ( nE/ûI )

c. pH
I{ycelial
weight ( nc/¡ù )

D, pH
Mycelfal
r,¡eight ( rìg/ú )

E. pH
l4yceliaL
welght ( rg/rr )

6.9

1.98

6.9

1.98

6.9

l:e8
6.9

1.98

6.9

r.98

Fe¡nentatl.on tlme ( hrs )

?J, 46

7.b

3.b2

7:7

2.9

7,7

2.58

7.6

2.99

7.7

2.Ð

4,. Fer¡nenüatlon uslng 751 trcah medfu¡n ( B ) and 25l speni fe¡¡rontatlon llquor.
B..jOßtjúr
C. " 25ß " 751 rr

D. tr Oß ü IOOø r'

D. Fer¡ncntatLon uslng concentrated ( tyophitlzea ) spent ferrnentation 1i.quor.

7.6

4.75

6.o

3.50

8.1

3.45

8.o

3.8
8.9

1.67

72

8.o

5.n
s.6

3.55

8.6

2.99

8.7

2.90

9.3

l.lt1

96

8,r+

5.00

9.r.

2.85

9.2

2.60

9.1

2.35

9.3

t.r¡O



Appendix table 22. the production of gentamicia using varylng
concentrations of spent fe¡rentatLon 1lçor.

lbia]. 1

Ferrnentatlon
tine ( hrs )

Gentar¡{eln ( ye/Bl )

BCD

o

2+

48

72

96

7

t5

28

46

30

t2

v
22

3s

2+

16

19

25

38

25

18

2J+

32

39

30

26

30

36

36

tt

T¡'l.a]- IL

0 26

33

37

rt

22

18

26

35

39

a

16

L7

n
40

29

t2

t3

25

38

?L

2L t2

I+8 26

12 t&

96 32

* sE¡ple ¡.as not avaible for analysis.

A. Fe¡¡¡entation using 75ß îtesh ¡rediun ( B ) and 25í Epent
f er¡aentatlon liqtror.

B. Fe¡mentatlon usíng 5ol f¡esl nedir¡¡ ( g ) a"d 50É spent
fe¡:nentation liquor.

C. Feraentation uslng 25í trcsh nedir¡r ( S ) at'r¿ ?51 spent
fe¡-aent ation Ì1qor.

Ð. Ferrentation using 0l fresh Eedlun ( B ) end lOOl spent
fe::¡ae¡tation Iiçor.

E. Ferrentation uslng concentrated ( lyophllized ) spent fesrentation
IÍ.quor.



Àppendix table 23. Fe¡¡entatlon pattern of !. purpufeq usLng spent ferrrentation llquor
wlth no glucose and yêast extract fortlflcatfon.

Trtal I
Fermentation
ttne ( hrs )

o

2J+

48

72

96

pH

lbtal 11

o

6.9

7.5

8.0

â.L

9.2

þcellal
r'¡eLpht
( 

"'äl"r )

24

48

72

96

1.90

2.60

3.',|o

3.33

2.60

Resldual
slucose
I tel'nr )

7.o

7.5

8.t

8.7

9.3

t+.92

3.ho

2.L5

1.90

1.?É

1.?8

2.61+

3,56

3.oo

2.52

KJeldahl
nLtrogen
( roelnù )

o.90

0.81

o.76

o.79

o.80

,+.88

3.62

2.31+

2.00

1.89

o.85

0.80

o.1tt

o.76

o.Tt



Appendix table 2.[. Fementatl-on patterno of U. EgfUUeA ustng spent fennentatfon 11çror
wl-th gl-ucoee and yeast exLract fortLfLcatLon.

Trlal 1

Feruentation
time ( hrs )

o

2l+

l+8

72

96

plI

Trlal 11

o

6.9

7.6

7.9

6.1

8.6

$cellal-
welght
( ¡¡elnr )

24

48

'12

96

L.95

2.80

3.36

l+.2O

À.00

ResLdual
glucose
( mel'ù )

6:9

7,7

8.1

8.3

8.7

lÉ Salnples l,¡ere tmavallabile for anelysis.

r0.61

8.76

It

ó.60

5.10

1.78

2.65

3.Lo

3.92

3.80

KJeldahJ-
nitrogen
( n'elrl )

t.t+6

L.35

L.2g

1.3r

10.¿r4

8.92

7.77

7.10

6.L2

l.l+2

1.36

L.33

1.30

1.30



Appendix table 2J. Ihe production of genta.nicin using spent. fer:nentatlon liguor l¡d.th and wlthout gLucose
and yeast extract forèification.

lrial 1

Fementation
tlne ( h¡s )

Gent¡¡¡i c1¡r ( .¡rg/rtr )

B.

l-ô

25

t+O

l+6

¿1

0

24

l+8

72

96

L7

22

34

¿L

37

Trial It
0

?t+

48

72

96

19

1+

30

38

41

t7

26

37

41'-

lrJ+

A. Feyentatlons using spent liquor wLth no glucose alrd, yeast
exf ract forLLflcation.

B. le1ng1lation using spent liquor nith glucose and. yeast exLract
fortificaèion.



Appendix t ¿ble 2ó. Batch ferrnentatfon pattein of Ìf. purpur.ea in ne¿tu¡r ( B ).
Trial I

Fer¡nent atLon
ttue ( hrs )

0

24

tr8

72

96

I20

pH þcellal
r¡efght
( rnclmr )

?.1

ó.8

7.r

7.3

7.6

7.ê

RealduaL KJeldatrt
glucose nitrogcn( ¡neloù ) ( nelr¡r )

1.90

3.æ

3.56

4.98

5.23

l+.9O

9.78

7.1-r

6.79

5.o,

t+.35

l+.12

Gentanlcln
( ¡el*r )

l,l+5

t.ll
1.11

o,96

o.69

o.66

l.o
t6.0

t+I.0

52.O

58.0

ór.o



Appendfx tabte //. Batch ferrnentatlon pattern ofg. E¡r$rgg tn mÊdlun ( B ).
Trfal 11

Fe¡rnentatLon
tùne ( hrs )

0

Ðt

48

72

96

120

pll l{yeeLlal
welght
( ns/rnl )

6.9

6.8

7.3

7.1+

't.6

7.6

Regldu¿L
gLucoae
( rslnù )

* Samplo not ava:llable for analysLs.

2.11

3.st

l+.7O

l+.9o

5.t6

5.00

l(JeIdahl
nitrogen
( mslo,I )

r0.98

8.21

7.o5

6.r2

,5.00

h.u

Genta¡nlcln
( ys/Íù \

L.32

1.12

o.78

o.62

o.54

IT

1.O

1"2.0

38.o

b9.o

56.o

61.o



Appendlx tabls 28. B¿tch fe¡nentatl"on pattern of [. or¡rpr¡rea l¡ nedlun ( B ) wlth
automati-c Pll control.

Trial I
Fermentetfon
ttme ( hrs )

o

2+

48

72

96

Ì20

pll

6.9

7.O

7.2

7.o

6.9

7.L

þcellal.
wefght
( o'e/n'l )

2.33

3.n
4.78

5.90

6.r5

6.00

ResLduaÌ'
plucoge
( orel'l )

9.83

8.32

7.00

5.21

4.98

t+.66

Gentanlcfn
( ¡elttù )

l+

L2

35

5lt

66

56



Áppendix table 29. Batch ferurentatLon pattern of I purp.urea fn nedlun ( B ) wlth
autonatlc PH control.

Trlal Il
Fe¡mentatlon
tllne ( hre )

o

2+

,18

72

96

LN

þH

7.o

7.O

6.8

6.8

6.9

7.7

$celtal
welght
( nrg,/nf )

* pH v¡as not malntained aü thls tlne perlod due to pH controller fallure.

1.88

2.34.

h.5L

5.10

5.Zl

5.10

Restdual
Elucose
( telt¡- )

10.3'r

9.1+6

7.32

6.68

6.60

6.27

Genta¡nlcl¡
( ¡eloù )

2

9

34

,+O

\7

54



Appendlx tabLe 30. Batch fe¡mentat!.on pattern of U. .!tsIE¡IgC enploying spent fermentatJ'on
Llçor.

lbtal I

Fernentatl-on
ttme ( hrs )

0

2+

48

72

96

pH þcella1 Regldual KJoIdahI þntqnfcþ- welqht Âlucose nLtrogen ( ¡g/ttù )
(o,ã/"¿) (tslttù) (!'eltrù)

7.O 2.28 b.78 O.91 2)

7.t+ 3.L6 3.91, 0.87 25

7.7 t+.42 3.L2 O.12 37

6.1 4.40 2,68 0-60 b6

s.g 3.s7 - 2.t& 0.64 &1



Àppendlx t able 31. Batch färmentatf.on pattern of M. purpYre¿ enploylng apenü fermentatlon
l1quor.

Trta1 11

Fernentatlon
tt¡re ( hre )

ó.8

þcellal
welght
( ueln¡ )

7.3

7.9

++ These senpllee were unava{labl-e for analysis.

2.O8

3.1+5

t+,t+7

).78

2.35

ReslduaL
plucose
T 'gl'r )

8.5

9.r

KJeldahl
nltrogen
( rs/trù )

5'l.6

tr.3l+

3.33

2.79

tû

Gsntanicln
( ¡elo¿ )

0.69

o.96

0.7t

o.52

o.59

18



Àppendfx table 32. Batch .fementatLon pattero of l,f. purpurea elrpLoytng spent fermentaüLon
1lçor rúth auton¿tLc pH control.

Trtal L

Fermentaüfon
tlme ( hrs )

48

6,9

$celfal
welght
( relnl )

7,2

7.t

lf Tl¡ege sanples were not analyzed.

1.78

2.00

?.67

tr,45

l+.9o

7.3

7.1

Genta¡rlc ln
( ye/"L )

22

Be sidu¿l
clucose
T rslt'ù )

b7

5.t7

l+

rt

It

2.18



Àppendlx tabl-e 33. Batch fernentatlon pattern of M. pr¡rrn¡rea empLoylng spent fermentatLon 1J.quor
vJ.th glucose and yeaaü exLract fortLfl_cat!.on.

Trlal L

FermenùatLon
ttne ( hrg )

24

l+8

72

96

þcelLaL
welght
( r'clrl )

6.9

7.\

7.8

8.3

8.8

2.L5

3.22

b,67

4.90

[,.92

Re siduaL
gluc o se
( ¡r'c/mr )

9.55

8.16

7.OI+

6.43

ó.o8

KJeldaht
nltrogen
( n'elur )

Gentad.cln
( yeloù )

l.3l+

t.2r

1.06

0.89

0.8r

Ð

2J

28

37

39



Âppendlx table 34. Bateh fe¡nentatlon pattern of U. purpr¡rea enploylng sp6nù fennehüatlon 1lçor
wlth glucoee and y€Êst s:cbract forblflcatfon.

lbial 11

Fe¡nentatlon pH
tine ( hre )

trfcella1
welght
( o'slr¡]. )

6.9

7.O

7.6

2.53

2.70

3.76

h.N

4.4o

lr Tests r.tero not perforrned.

8.2

Besidual
glucose
( te/tr'l )

8.9

9.01

8.66

7.N

6.L3

t(JeldahI
nltrogen
( ¡'clnl )

Gentamlci¡
( X/nr )

1.14

It

lf

o.875.',tg

22

41



Appendlx table 35. Fevmentaülon patüern of lf, Buxpsrg¿ uslng nedlutn ( B ) l¡ e
contLnuous culture process.

Trtar I

Prlnary baùch fe¡frlenüatlon.

Fernent,atlon pH l'fycellal
ùire ( hrs ) uelghü

( nßÁ,] )

0

96

Conülnuous culturo proceae.

102 ?.8

1o8 7.s

11¡ 7.6

Iæ 7.5

126 7.5

r32 7.5

138 7.6

u2 7.7

6.9

7.9

2.bt

5.o7

Rê sidua]-
glucose
( ngl¡¿ )

L.Ll+

4.00

l+.32

5.r8

5,89

5.67

5.311

5.42

x lest'a nolporforned.

t0.67

lt.ÀJl

KJeIdahl
nLtrogon
( relnt )

5.31+

,.65

5.55

5.79

5.68

6.ú
6.1t,

6.n

r.33

0.r'9

Gent stDlcÍ¡
( ,B/úL )

lf

lÉ

*

1.O7

{+

te

*
1.02

¿.0

63.o

56.0

56.O

5b.o

I+7 .o

40.o

39.o

t¡I.0

u.o

oô



Àppendlx üablE 36. Fermenüatl.on patt6rn of M. purnurea u6lng nedlun ( ¡ ) fn a
contlnuous culture procôss.

lrlal 1I

Prt.nery batch feniôntation .

FenÞnt¿ùlon ¡H
t,tu¡e ( hrs )

0

96

Cont l.nuous cultura process.

toz 1.r,

108 7.5

ru 7.5

l2o 7.t
126 7.2

I3Z I.tt
f38 7 .t,

1L2 7.j

6.9

7.7

Dfycellal
welght
( tr,ß/rl )

2.02

l'.92

Resldual-
glucoso
( ¡tel¡ù )

1r.23

h'2s

5.18

5.55

5.35

5.rz

L.L5

l+.22

* Tô.süs not perfornod.

r0.r7

I¿.51+

lfielhah1
niùrogen
( ¡'clmr )

5.ut

5.27

5.77

6.t+o

6.56

6.23

6.78

6.t1'.

r.7t
o.72

GentaI[lcln
( !s/nx )

lf

lf

It

o.99

*
lf

It

t.o
57.O

51.o

50.0

50.o

4r.0

.¿0.o

I+2.O

44.0

l+'l.Oo.9r

ts
\o



Appendix t¿ble 3?. Conti¡uous fernentation process A usi.ng spent
ferøentation 1içor rd-th autonatic pH control.

Spent IÍqror b¿tch fernentatíon .

Fe¡øentatLon
üLne ( hls )

lotal
gentar¡i cin
( ye/a )

Net
senta¡rici¡
T ¡el'j- )

0

2l+

¡Ì('

72

1À.0

16.O

31.O

Ào-o

0.0

2.O

L7.O

26.O

Conti¡uous process A.

78

84

9o

96

102

37.o

30.o

4.O

24.O

t7.o

23.O

J.O.U

13.0

10.0

3.o



Appendix table 38. Contl¡uous fe¡mentation process B uslng spent'
fe¡uentation liquor wlth autonaiic pll control.

Continuous process B.

Fernentation
t:ine( hrs )

lotaf
gent¡r¡i cin
( lE/øL )

Net
gentanicin
( Jrcl*1 )

o

6

12

18

24

30

L5.o

l4.o

t4.o

1ó.0

16.o

16.0

0.0

- 1.O

- 1.0

I.O

1.0

1.0


