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Introduction

The microorganism used in a fermentation is the key to the swuccess

or failure of the proeess., It i3 th: catalyst that makes the fermentation

work, A micrcbiel culture must huve vertain general attributes if the process
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it generates is to be operable, regardless of the nature of the produ¢t and
the simplicity or complexity of the engineering process.

1. The strain must be genetlically staeble. A culture thai constently
and spontaneocusly produces one cr more different, forwms 1s extremely
undesirable,

2. The strein mist readily produce many vegetative cells, spores,
or other reproductive units. Sirce Basidinmycetes produce only mycelium
they are rarely. if ever, used in industrial {.vmentation.

%. The strain should grow vigorously and rapicly after incculation
intc seed tanks or other contaircrs used to prepare large amounts cf
inoculum before an industriel fermentation,

4, The strain should be a pure culture, not only free of other
ricroscopically visible microorganisms, but alec free of phages.

9. The strain should produce the required product within a short
period of time, preferably in % days or less,

6. The strain should proiuce the desired product to the exclusion
of all toxic substances, The desired product should be easily separated
from all others,

7. The strain shouid be able to protect itself egainst contamination,
if possible, Self-protection might take the form o, ivw si, « * DH,
growing at high temperature, or rapidly claberating a desirable micrcbial
inhibitor,

8. The atrain should be readily maintained for reasonably long
periods of time,
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9. The strain should be amenable to change by certain mutagenetic
or group of mutagenetic agents. Thus a mutation program may be conducted
with the obJect of developing strains that give enhanced yields of the
product,

10, The strailn must give a predictable amount of desired preduct
in a given formentation *inmc.

Microorganisme that me<t these conditirns must be either isolates i
nature or ohlaine : frea a culture colleation., Since this Working Group
deals with tre problems oo formentation Ir developlrg nations, 1t seemy
to ue the latter scurce of cultures should be used,  To isolate, puriry,
screen, and test a culture {oom nature requires trained microbiclogists
who are in shorter supply even than money. But plenty ¢ time and money
etill is nc guarantce of succeas, To obtain the prmper culture, sometimes
one must lsolate the miernorpanism frem a special, ecological riche that
may not even exist in a particular country. For cxemple, Blakes lea
lrisvora, wnich produces large amcunts of beta-carotene., cannot be
isolated in wemperete reglons of the United 5t.tes, but rathcr one mist
srek wild straln: in the troples growing on flowers of certain higher
Plante, For such calvires, collections are slmoey aiways the only loglen:
source,

Another source off cvitures in the food indusiry, whi-h should not he
overlooked, Is the nicroorganisms selected through the -enturles for
preparing native roruwented tood products The principal micrcorganisms
can be obtaln~d with {ittle tirfirulty.  sSince the microorganisms have been
used in a particular food fermentatior tor centurics, there has been a

constant purposetul svlection of the best strains. The veact ~trainc used




tn the ;unicipal Bentu beer breweries of South Africa were acquired in

ipte faghion., We were 1019 the original strains were isolated from the

tothor native brews., After a number of strains were tested, the hest

virr o nosen 8nd are now the onea aged fnoan lndus try producing 150 million

tymapd ) pallons of the fooa yeerly,
1 ine preparstion of this puver. we huse wzod bo b0 realistic in !

soguch b the provlem of oblaining e proper wieroneanisns ‘or use
L otrial fermenbations. (w views are hased upon (ireihand knowledge
. o conration af & large fpdnctrial wultore eolfaetion camorted entirely
rrgent funds; expeTrience of seversl years cpsrating o oculture
< . fon in a lorpe industrial fermentaticn coi pany; °n tnderstanding
Creblems taced by fermentologlsts in develoning countries; contact
c1in ierobiologists werking in our fermeniatior 1o crats™y rrom developing
souptrias; and an acquaintance with some of the ori-itive foed lermentations
of e worid,

Sources of Micrcoorganisms for Tua.siry

The ultimate sources of cultures of microorganisms for industry are
ooil; water; fresh, fermenting, and rotting veoriobics; 1i7inz plants and
v ienl.: srewage; fresh and spoiled Cood; {rass and insect droppings; and
s i,

. irmediate sources of cultures, however, ar: parmanent culture
coll . oma. Almost a1l large industrial firms desling fn fermentations
“aye Ccir own collections of microorranisms scoured from a continmucus

o o of isolation. New isclates and variant sus~trains derived from

o v+ iL mutation studies swell the numbers of strains so that many of
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the proprietary collections are quite large. However, most of their
microorganisms never get into general circuletion, being intended solely
for exploitation by the parent company.

A fow oultures fron proprietary industrial coliections are in general
and private colicciinw {n the United States. In 1949, the U.S. Patent
Office tork Mo pooitic, thay & o 1tare fg en easentiani part of a patent
procesa aml the culiose nurt ne alselenea,  Hencao 1t must be depngited
in a recosnioon sulieve ot leaiicn and be aveilable to the public at the
time the patont fseaes,  Two .5, enlleantiors that have heen recipients
of cultures ¢+ Lodus rial eoncerns Loth domeslic und troredgn as a result
of *his practiee are the amerien Type Culture Cnllectiion at Roeckville,
Maryland, and the RS Culture Coliection in Peoria, 11linols. As might bte
expected, *th- depe.iting -omeanies do not adgvertiss the fact that particular
gtrains are placed in outeide culiure collectfons, and the named depositerics
agree not to reveal pozsessfon oi' patent culiures or to distribute them
withovt auihrrizetion by the depositor. if this 1s his wish, until the U.5,
paient iosucs,

The heldings of the companies are supplemented ai8o by accessions from

public ard =rivaie sulture collectlons whnse culture distributions are nrot

so rigldly ccatrolled.

Dpfvats o1leobicrs Lo ot have 0a e priacipal purpose of existence ta-
distribution of" cultur. i, ibey uruelly are specinlist nollections, by whi-!
18 meant theiv ucnpo iu confimad tc cne or = few taxa of special interec’
to ihe scientists win cnerate or contrel them. Cencrally, private collections

are assoclateda viih ¢ wunlversity o reacearch institute. Although their
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curators decline to disiribute cultures far and wide to anyone who asks,

ihey neverthelesas cften send cultures to cther Investigators with like
interests, or te regesrch institutes and to industrial men whe might

continue research tuey no longer -an prarue or who might econtinue development
nf un industrial process.  "rivete coulections gzneraiiv do oot charpe faes
for thelr cultures. Like proprictary collections, Liaey uenally do not
cubliah »» ddgteibuie Llate 7 thedlr saltaores,

Pubilde collection have ag one »f thelr vrincipal reasene for existence
Ve onecumuiation of e diverse colicetion of saasble micrcerganisms,  They
send cultures to any bonafide invesivigator suywhere in the woria who 1is
wllling to pay their pricc. Ac might he expeetcd, they publish catalogs
listing the microorganisms that are for sale. They alss cften provide other
services such as Identification cf microovganisms and preserveticn of
cultures by lyophilization ov liguid nitropern refrigerstion. Their diversity
may be as wide as that or the Aimerican Type Culwur~ Collecticn which maintains
actinomycetes, algae, bacterin, cell lines, molds, proiucos, viruses, and
yeaets.

Ameng the specialized culture colle~tions, some concentrate on
industrially usetul microcrganisms. Such microorgenism: are hacteria,
yeacts, molds. actinomyceter, alvic, and protozce thit are used in the
food, pharmaccutical, end rcimentation ingustries ond in research and
devolopment laburatories to convert c.lected substretes Lo products of enhanced
nutritional, medicinel, or industrial value or tn reduce tne BOD in sewage
and Industrial effluents. Such collections are of principal interest to
UNIPO and 1ts adherent groups and members. Therefore, we cencluded that a

st of such collections giving addresses, names of curators, and types of




-y

mioroorganisms ~ontained would he useful (Table 1) We are indebted to
Dr. S. ¥ Martin o the Divisio " Biosclences, Nationa! Hesear-h Souncd’.
Ottawa /, n.terio, Canada. for mos of the names ~0 oo thons and
informstion about thea, Maer W wegte ot e Section or Sadture
Collectionas 1 .he mternatioini Azuociaticn ~f M oreni ogleral o ieties,
Dr. Martin {9 prepering and will soon jpuditar s kerl Caivey f Nitar
Collectiuns n whish nost of the collections in the wor it ®1 i be named
and described.

Additioral collections wnl oddre: ses may be found 11 aome of tw
larger culture coulection cavaloge ileted nt the end ¢ *his paper.

Fees o ~ullures vy ‘rom oaw o leotion % anotner In the tnite.
States *he American i'ype “ulture Onllection chargea §  per strafn for a'’
cultures to commerciat and noneducational tnatitutlone. The st 18 redus
to $15 for educetlional {nstitutions /o ohand ling chasde f perrent Lo oA
maxinum of $25 is added to each fnvelce,  The Jer tragilwceau soen
Sehimmelcul tures in The Netheriande charges 0 gullders for oiltures that
are 10 be used for industr el purpoges. There leon redu tlor in cost if
10 strains or more are purchased in 1 year.  This collection, as soee
others, does not gnarantee the vroduction of chemical substances by 1t8
cultures.

As a general rule, >~ lecticre which wdvertise thejr cultures in
printed catalogs charge a {'ec for their strains,  Dome cellec*ions, such a«
the one we are associated with, do not fssne a catalos and do nol charge &
fee but do axert consldereble resiraint on the number of strains sent at

any one time to any Individuel or insuitution,
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Cheracteristics of a Good Culture Collection

Althouvgh much hasg been spcker and written about culture collections ’
o our Imowiedge, no cne has ever 1aid down the ~haracteristics of a good
applied or “ndaustrial -uldurs o) lection, Many of the following points
apply equally well o other tyr2a of ~olle~tions.

Too0The rolleet et te LaTh ol or clesely related to, a
ferwentaiior resen eh Lo Iaiory wr to x fermentatiop plant, or both.
Fer exarple, at <z Neestazsya hizglora! Researclh Lahora'ory the ARS Culture
Colleetion s pur. a o o “he four reseurch unis in the Fermentaiion
laboratory. Interctior: neotooer ferweatologlets and culture collection
starf work Lo “ha ;atun) benc it of Joth, The fermentologists, being aware
of general trends in ferventaiion regearch, nre able tc anticipate future
areas of Interest anu 1o 7ive guldance as to whot micrcorganisms the culture
collection shoula eceession to meet future needs. The microbinlogists, with
their knowledge of th: rriationrhips arone cenera snd the physiological
requirements cf various nieroorienisma, can meke veluabie suggeations
regarding screeuing progremz. I thelr getalled studles on individual
strains they iay wrke coservations leeding to new fermentation products or
higher yilelas of txe'n crod: 4. ‘Their ready racogrnition of contamination
or degeneration o the ~u iure ouing used in the development of a process
acts 8s a typ: ol Loalit, _omorol,

2. A culture ~ollzciicn must Le well funded, and ttds funding must be
at a relatively unifomn lave? each year, In rany other research

operations, a procran miy be increased or decreased readily with changes in

the amount of budgeted morncy., Perscmmel can he shifted easily from one




T

project to another, On the other hand, & culture collectiom is a
continuing  operation, which must be sustained without great fluctuations
in Ptudget or people from year tc year. Many of the <ulture collection
Projects become iong-term sutudies of w 2enus or farily, and years are
reov’el o assemble wilc culifures end knoen type materieis in order to
6y o rirst-rete lob,

S Aevltuee collection wust have adequate facilities and equipment,
Izchling transter roons, refrigerator apace, 4incubators, microscopic
8T n:otographic equipwent, auvloclaves, and lyonhilizers. f:gunlly these
racilities should he sepacata fron thege of other regearah FTCUpE.

4, Livrary faciiities are nezessery 3o that personnel way have access
o the taxonomic sud fermentati{ve litersture being published, not only in
the region or country of location, but alsc in the world.

5. The collection should have en activz and con’.inuous program of
isoleting rew straing of microorganisms from na:ive. 7Thisgosl will lead to
the discovery of new products and reactions. Ney maierial wil) also add
to the unde.stending ot the classification of erzcial groups of microorganisms,
New material mekes it posgible tc discover cpecfer end genera new to science,

6. The collection mist have an adequate stafi support the curators,
By this requirement we imean tecknicsi help 5o propuce media, sterilize
glassware, end perfor: rcutine techniques; (ecretarial help to keep the
voluminous records and o handie correspondence; aud shops to construct

special apparatus. At the N.rtrern Leooratory, cur glessblower devised an

automatic machine to meke lyophil tubes, Reliable sources of supplies are

als0 necessary., We bhave had experieince in setting up a Jlyophil apparatus
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in a partially developed nation. Although the lyophil equipment was

readily made to our gpecifications, not a culture could be processed
for 2 years because there was no dry ice,

Optimally, cach curetor should have s careful, Intelligent, and
dedicated assistant with some microbiological training. In our experience,
techniclans need not be specialized necauie Wey alwaye mist be trained
In the special techniques required for the rollection. These rggistants
should handle periodis transfers, lyophliization 2nd associated records,
inoculation of cultures fe- study by the curetor, seeding of rlnsk cultures
for preliminary surveys for new producte, and making and recording routine
observations on all cultures.

7. The curator(s) muat do research, 86 well as maintain the collection,
Each must have an active regearch program either in taxonomy or genetics
with preference to the former. JIdeally, thuis Work should be iu the area of
chemotaxonomy. Thus a curatcr will have an intimate knowledge of the
strains he is maintaining and will develop a reputation as an cxpert in
his field. Consequently, importent matertal will pe sent to him for
safekeeping, for identification, and for other purposes, Other microbiologists
will know from whom they may get expert advise, cultures, and information.
This point 18 an importent one that we have stressed vefore (Hesceltine
et al,, 1963),

8. College-trained personnel in collcctions must be aware of the
field of applied microbiology, appreciate the work being done in fermentation
research and development, and understand the operation of fermentation
plants. They must comprehend the prohlems of geneticists, fermentologists,

engineers, blochemists, and organic chemists. Probably the most difficult
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Job rrom an administrator's standpoint is indoctrinating the curators

nf & culture collection They wmst mderstard fully the point of view

of other scientists anc must realige that they are part of n team, They
wust be made awere (o *he needs of  ther 1eseurch people, Aryone 1o e
culture colie~tion #wic does not cppre~iate other aress of work should never
e 4n the positi n of decision making,

In turn, the morhers of 8 cutture cclle stior shoulid be informed of
developments in asa: cintod termentasion resedrsh areds ard in problems in
a fermentaticn plant.  “urrently, £il repcrts wp’ papers from out Fermentation
laboratory are ~froulated te all the other senior g-lerntis s, Also, hefore
papers and reperts art civen ni scleniific nee tirgs the suthors present
them before cther memhers o: the Fermentation laboratory for review and
eriticism. By this means errcry are detected, apeaking time 1c adjusted,
and lastly, the staff is kept informea on progress in rejated aresas,

9. Although the +rainirg of curators should be in taxonomy, the overall
background of the steff should heve balarce, If the ccllection nas more
than one senior man, then the broasder the Intrreste of tie group the better.
It doea no good to have three specialists cn ba-teria and yet have 1o
mycologista, or vice versa,

In the ARS Culture Cnllection, we currently have & zymologist, two
pacteriologists, two my~ologists, a plant pathologist, and a biochemist.
Although a geneticist 18 not part of the Collection, a microbial geneticist
works closely with the Ccllection members,

10. At least in larger collections, young pecple with new 1deas and
knowledge of new techniques should be brought into the group periodically.

This means of rejuvenation may be supplemented with postdoctoral fellows
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and exchange of personnel from other institutions, They should not
necessarily bve pz2ople from cther ccllectlons. 1In turn, tne resident
statf needs pericdicelly t~ travel or study in other lahoratories.

11, Members of a calture colle~tion 3houla te 1lke playmekers in a
baskeiball game. “hey giould cpot proritatle new ideeks of fermentation
research. They should e the originstors of rew procraces and products,
On the other -and, once 1 prof!iable research area hag teen dircovered,
they should Lecowe advisors to uiher groups whe are regponsible ror
developmentel vesearch, They shou'd mot do deve lopmintal research beyond
this point.

12, Culture collicctior people should not only ba engaged in research,

but they should be actively reporting their research ir the form of papers
published in scientific Journals, giving lecturss, and occasionally taking

out initial patentc.
location of Julture Collections

The questions of how magy kinds of cnlture coilections (general, medical, ref
erence, or agricuiturel) should be gponsoreua and where they should be locate? are
under study Ly ihe Saction on Culture Collsctions o7 ihe Internations) Associatics

of Microbiologleel Societies. Our ccncern, which overlaps theirs, is the
narrower, Where should coliectioms of indugstrial microorgenisme be

situatea so that they will oe accecsible “o, and do the moet goed for, pecple
in developing naticrs? Should cacn nation have its own coilection? Will th-
existing ones suffice? We think ihe answer to both questions is, "No."

Because of the scarcity of sclentists trained ir onulture collection science

in developing countries, it seems unrealisti: to suppnrt the {dea of nationsi
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LOLi-.uions of amy sort, It seems to us that the source of cultures of
mlereneranisms should be limited to a relative Cew well-eguipped collections
Lo o verious places aroand rhe wertd, They peed e te adegoately
ewfiviand flnancially supperte’ or e long-term basis. a4 ~uliure
xoligedow In each counry would be whoi iy unresiistio entt unccrckable,

Moy oread over so many places woold te o tevly wastel, On -he cther

it ablle codleciions that wdisipute industrial mizroorpanisms are

. . ofien are locned ton ry Juop the emerpging nition: L¢ furnish
ror ootel assistance the: o needed in hendiing vhe —ultures. Also, the

Cos s 0 the eqitures $s pronibitive cecausze rard cavency 1o difticuit to
Cund by in omany of the developlp: areas., These are our conclusions based
oo praciieal expericrcee and on frank discussiuns with a iumber of

knowlelgeable persons from various countrles,

W
)

¢ Wilna 1t would bhe well {f regicnal collections could be set up in
straingle places where goveromsntal stavilly weuld allow proper developmen
of a collection and where political consideraticns would not restrict the
Pooe Jiow of cyltares and informetion wo ferasntcogisis in the cervice
s Unrlaiply Me existing ones mist suffice jor now, ani in certain
regic oy bty oen provide satisfecwory service. Tius, culture collections
tn elistence In the U0, §SSR, U.i,, Necherlands, Japan,; Csneda, und
Somth Atrica wounld serva napy areas.  The exoollent Duter ccllertion would
st ot 11 the needs of Cantral Eurcpe, The U3SK All-Union Cu.lec*ion
ST nLIqRiely meet tre requirens its of Foland, Romanis, and Bul Jaria,
Walle wsffed end finencad ncilsctions need 10 be esta-iiched in (1)

“ruth G lea (perhsps in Brazil or Argentiia), (2, Indla, {3) Centrel

.ricn, an? (4) the Middle East and Nortn Africa. We do not meen to imply
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that none exist in these reginns but rather to suggest that they need to

be enlarged in size, vettrr equipped, and more adequate’y staffed, We
believe that If these propoo~d collections were established, the fermentetion
Industry in these creas would be mdeqiately “uokstopped wiih sources of
cultures, culture intormat!l i, and tectnienl cxpevilae,

Existing ~cilections, weoich have vained atature ver the years, are
aggociated with »ither a reseavce fnatiwte or wiih a university that is
famous fur its formeatation stusies,  pov cxample, Lhe University of Tokyr
collertion ie hcused In the Departr-ni or Srreiciltiw! chemiatry and Applicd
Microbiology. ‘The famous Duteh collection of yeasts is hcused with the
Institute of Mirrcbiclegy at Delrt., Governments or cryanizations establishing
new collections should bear this ¥ind of location in mind., A cul ture
collection of fermentatlon microorganisms nct placed in close proximity with
an active Institution or fermentaticn and applied microbiological research
would be like plamting » seed un a rock.

The question cen then be fustly asked, "#hat should one do with a small
plant producing a given product, say a fermented food product destined tor
human congrumption?” 1In this instarce, the developmental work shonld be
done in some rentral research laboratory. To ensure good reliable inoculum,
this ahould be prepared and supplied ir a dry, stable {orm which the workers
in the plant can use %o csect the fermntetiun Lo the legree that the process
will go to completion in splte of contaminants, Thus, iu the Bantu beer
process, even the larger plants do not keep cultures or prepare inoculum,

imstead it is supplied tc them 4n ®-pound packeges which s technicien uses to

inoculate a given quantity of medis in fuil confidence that lie can depend on
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obtaining & certain type of product at a certain time. Little or no
formal microbiology needs to be known by the plant operetor. The original
starter culture can be kept in a central culture collection and supplied
t0 a company who makes, packages, and distributes the inoculum,

Procedures for Isolation and Selection of Microorganisms from Nature

Innumerable techniques for isolation of micrcorganisms are described
in the literature. No attenpt will he made here to give specific details
because they vary from group to group and sometimes even a special technique
is required for a single species. Information can usually be found in
textbooks on microbiology or taxonomic monographs, Currently, the Mycological
Society of Americahas a project involving the preparation of a manual on
methods for the isolation and study of all the groups of fungi. An expert
on each family or fungus genus has prepared a section on how to imolate
and to study his group. The material was written more than 2 years ago and
now is being evaluated by graduate students to discover which parts are
workable and which must be revised. The entire text will be edited to give
a uniform style, Eventually, the whole will be published as a source book
of information.

Techniques for isoclating microorganisms, which can grow free of other
living things, can be classified into several general categories, Microorganisms
are here interpreted in s broad sense to include bacteria, fungi, algae, and
protozoa. One of the oldest techniques is culture enrichment. It involves
the transfer of snil, sewage or aome other material with a large and
diverse population of microorganisms Into a gselective medium followed by

incubation of the culture under conditions of temperature, aeration, ete.,

that turther contribute to favoring the growth of desired forms. A small
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amount from the initial culture is transferred to a second that is set up
in the same manner as the rirst, and this procedure is continued until
the flora desired predominates and can be isolated in pure culture, For
example, if you wanted a ctrailn ¢f Clostricdium that would produce acetone
on corn neai, you would maxe s sterlile corm wash and inoceulate it with
s0il, sewsge, und other materia) contairin’ large tacterial populations,
The corn mash would he Xep under nnserobic conditions at a desirahle
fermentation temperature, for example, 37" O, A large number of flasks
would be started and certein or these giving the yppearance of vigorous
anserobic growth and having a sclveni odor would be used to inoculate new
flasks which, In turn, would be Incututed uatll a vigorous solvent-producing
culture emerged. Finally, the selected Cloctridium would be plated ont
on & corn meal medium under anaerobic condlitions end many strains would
be isolated ay pure cultures, Each would then be tested in the proposed
industrial fermentation w:frg corn mewl as a basic ingredlent. Assays of
the solvent ylelds would be deternined and the best strain selected for
evaluation in the scaleup of the fermentation.

Sometimee, the Isclation of pure culbures 1s not even necessary. For
example, in the fermentation of cucumters tor the manufacture of plckles,
conditions are ectablished in the fermentation tanke such that part of the
natural microbial {icra on the cucumbers i{s favored. Certaln bacteria
grow at the practical exclusicn nf all otber mlervorganisms and the fermentation

goes to completion without rescrt tc a pure cvlture. The efficacy of pure

culture starters in pickle making is being studied.
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In the native African fermentation of corn, called magou, comditions of
anaerobiosis and temperature arc so adjusted that a high-temperature
lactic ecid fermentatiion occurs without the use of & pure culture starter.
Part of a previous batch is used as starter for each new batch,

Another general approsch is o isolnte a microblad gtrain from the
natural fiora o a chelee sampl- of xaterial and to use 1Y 1o make a
uniformly good product, For example; In the .S, “or the last 12 years
a culture of Pediococcus ras peen used to incoviuie comnercial sausage.
According to iaformatlon supplicd by the mamresturer, & search was mede
of cultures from camples of superior quelity cassapge,  From these 3susages,
o strain was selected that produced tiue desired fermentatlon; that a.so could
be grown under conventional fermentation conditions and then be preserved
by freeze drying 4ithout 'nduc loss of vitality; and that could initiate
growth rapidly in fresh sausage in spite of compe ting bvacteria,

However, not always can these various epproaches be used because we
10 not know where to look for suitable strains or because the astual nature
of the produrt desired 1s motl knewn., “he search for artibiotics is an
exanple. In this instance, initial senrches indicated that Streptomyces
rad excellent possibilities, From carlier gtudiea on soil microbiology, it
was known thet soll, particulariy graccland scil, bad a great number and
variety of species. The method used in this research was to get many different
gamples of soll from various geographical and ecological areas. The soils

were plated out on media suitable for the growth of Streptomyceg and dbacteria,

and myriads ot strains of actinomycetes were isolated. Selection of colonies
for making pure cultures was of ten influenced by obgservation of their

{nhibition of sdjacent hacterial or mold colonies. A multitude of strains
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mors ofter, againdt a harmless microcrganiem nown to be closely related

to the patoogern. Mitimately, the aptibiot: s from o parvicolar culture

hed o be vested sgoins! strains o the pathogen elther in vltrg or

i vlvo. As an s lde, s aearcn of this gori for new angibicobdss now
rupears to boe a uselesn a2ebivity ox ept uv pocsfply tie most highly skilled
and experienced researchess fn Ldus.ris’ lanoratcvies, A better approach
Is the moddficstdon o0 v houm antibiouie conpouids.

The plaiing teetidoue cop on tsed to i8 iate sivgle cells or spores
of practically 21: micveorgendoms Shav prew ‘v Lobovatory media.  This
veeindque involves the diiation wod separaiiorn o propuypules of the
mleroorgenism, Therc tien grow ate coloaies of sufficient size to Le
seen with the naked cye o undcce a discoeting wizroscore on or in the
agar medivm., Using steriic sechniques, some or &1l of A colony can be
picked off' the substrate and a pure culture estabiished. However, with
many fungi, 2 more rapld ard efyiecient Unibnfane is the 1lsolation of a few
spores from cne frustiflication, Reutirely ip cur laborasory, mold growth
thet has fruiting hesds on the oobstrate (this growih may Le on
medium In Pebrl disihesn) is uzrl o start cure caltures, This technique
cen readily be done Ly pincire the materiail +m which ihe mold is growing
under o aisgceting mizecge e and celecehing o well-leolated fruiting heed

containing mature spor.

Y]

. Ao tiinsrer reedle with e Cine straight wire
(a filament from an ¢7 . tric Haht tulh musted $n a holder works very
vell) {8 flame sieriiized. cooled, meictened 4n agerile ayar, and the tip

carefully brought int» contact with the frulting nead. The aatering

sporeg may then he ilransferren to svitatle nutrient agar and a pure
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cultur: 2stablished (n a matter of & few seconds. This technique

requies considerable hand drxterity ane practi-e Tt works well for

a1l “unyd that produce spores n atalen Ne are {0 wtinely for the
ool Vi of Mucoraies, Agpergll.ius, Pendudalaam, nd We fungl Imperfectd,
ied..m genera sach as Alggneris. ledespuriws. o4 uldogladium.

. wodification f thie teohndyue 18 the ase 7 a4 aicrcman!pulator

ti isolation > clingie apcres “rom the su-facc ¢ agar Tt is
; " Ylarly useful ahen (11 the ascospores (Lo a8 a8 o the

< asspores onoa tasialur ere U be lsolated for penetis sludies,
"¢ v yea3ts and fungi, spores are fortibly dis~harged ang thesz can
' ichlated from an agar surface piaced above yrowing colonies.

For some fungl, especially those of the class Basidiomycetes, spores
are only produced in, or on, large macroscopic frulting strictures,
Bagidiospores may be allowed to discharge on nonnutrient sagar, then a
few are transferred Lo nutrient agar, and cultures become established,
However, one - ften encounteres basidiospores that fail to pgermiiate,
Trequently cultures can he made, if the fruiting body {s large enough,
by carefully dissecting & small freagment o' tissue from inside the sterile
fruiting body. The tissue 1s transferred (¢ an appropriate medium. Since
colonler will produce mycelinum but no fruiting structure, extreme care
rust be taken to ensure that one 1s not luolating mold corntaminants.

There is no way of positively identifying a culture tnat produces sterile
myece L hwr,

One last technique often combined with one or more of the general

me thods described is the use of specific inhibitors in either 1liquid or

solia mediun to eliminate other groups of microorganisms. Routinely, in
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making yeast and mold counts of cereal products, tetrscycline is incorporated
into the medium t¢ {nhibi* alaost all bacterie. 7T+ has no adverse effect
on the growth of moids or ywasts  'n the other hand, a second antifungi
antibioty | a-tidlne, can e ‘neorporates Lot matrient edfa to {nhibit
both yessts ard Ong! withiut wfifecting o provt f tacteria, We are
not sware of any combilnation o e botale Lt sip 0 ot #11 vacteria
and fungi bt w0 0 permit the exc oo ve  rosth ! acrtinomveetes,
wiapailifcetion L Ml roorgantap (oo Jo rotuctden of
fomendtai e L
Since w's wpte s re. cwed ! reat detai Lo var{ous texts on
fermentation (Peppier, 1967, Pres oSt | nan, 1 and 3aith, 1969), no
attempt will be made W discuas the micvorgaraemy nvelsed except o
summarize the infcrmaticn {n tabula- “cru "Trole 2} Fven thie sumemary
cannot be compiete becpume some ermentatic. produac‘s sere, or are, made
on & limited custom basts an. are not rep lac articise f ommer-e. When
one considers all the types of fermented 1 0. made 2all over the world, some
of which are q.fte local, it becomes Quit inposelidbls & nimerate even a
amell portion »7 them. Aluc, some nroausts onse nade by formentation are
now made by chemical synthesis especinily mvm pelro cnemicas  Thus,
ethanol for industrial uses i{n made . <o) "ve}; vie thi 1wethod in the

U.S. Other countries with a shor*age of ¢ii, but with enormous amounts

of molasses, still make ethancl by !ermentatior,
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sification of Microorgunisms Used for

Commercial Production of Various Materials

Product

Genus

Type of microorganism™

e

Foods
Ang-kok
Bacteriel
gtorters (fermented

dairy producis end
sBus 8gC)

Bantu beer
Blue checese

flavor

Bread (Lakers'
yeast)

Cheese and fer-
mented dairy
products

Chinesce yeast

Forment~d fish
Hamanc tto

KoJi

Magou

Viso

Rate
Natto

W Tomwowm K

Y
=
'!—‘
s
Rl
=

Strei nensein
Juctoboatlug
Penicilling

Prond oniloctorion

{+ hucteria

criilis
paccharoy yegs

psetobictor
Bacillus

w w =<E w EK EEw <=<EFE wkKwow e

--gontinued
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Table 2.--Clessification of llicroorgunisms Used for ihe
Commercial Production o .Various Materials--continued

- - - - -

Product Genus Type of microorgenism®
Ontjon EUIHTICE M
Pickles and Lactotcillug B
sauerkraut Sireniocnccus B
Shoyu Torulopuis Y
Sacchrro ces Y
Asver il iy M
Sufu Actiionu on U
Muco: M
Tempeh Bhizopus M
Yeast Landida Y
geacchrronyees b ¢
Beverares
Beer Sagcheronyces Y
Distilled spirits Saccharonvies Y
Sake Saccharoayces Y
Asperzillvs M
Wine R8¢ harciyces Y
Protein Joruie Y
gaccharonyces Y
Lhlorelle Algee
Mnine Acids
Aspartic acid eydoricnas B
Clutamic acid Bacillus B
(monosodium Migrocccus B
glutemate) Previvacieriwm B
Isolc cine Peeudononas B

=-gontinued
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Table 2.--Classification of Microorganisms Used for the

Canmercial Production of:Various Materials--contimed

Product Genus Type of microorganism¥®
Lysine Microcogeus B
Phenylalanine Micrococcus B
Tnrconine Bacillus B
Valine Microcogcus B
Andysixriel Solven
Acetone Clostridiun B
Butanol Clostridium B
2,3-Butanediol Bacillu B
Aercbacter B
Dihydroxy acetone Acetobacter B
Ethanol Saccharonyces Y
Clostridivyg B
Glycerol Torulopsis Y
Saccharomyces Y
Antibiotics Penicillium M
Bacillus B
Streptomyces A
Cephalssporium M
Fusidiun M
Asperyillus M
Microromospora A
Nocerdia A
Organic Acids
Acetic Acetobaster B
Citric Aspergillus M
Erythorbie Penicillium M
Fumaric Rhizopus M
Gluconic Aspergilliuvs M

-~gontinued
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Table 2.--Classification of Microorzanisms Used for the
Commerciel FProduction of Various Materials--continued

B e s - e

Product Cenus Type of microorgunlsnx
Organic Aeid:--Cont'4.
Itaconic Lo it lug M
Itatariaric Asvoreillus M
&-Ketogluronic Ysovdoyonas B
~Ketogluconic Acelobagter B
G-Yetoglutuic Pseulionag B
iojie sopergillus M
Lactic Jugtobar 11lus B
¥itaides
asecrdic acid Acetobacter B
(vitamin C) (3n
part)
{}-Cerotene Blzkeslea M
Bio reillus B
I ropionivacteriun B
Sireptomyces A
Riboflavin Ashbye Y
Ercmotheciun Y
Inayies
Q-Amylase Aenereillus M
0 izops M
Jazillue B
ndrmyeopsis Y
Amyloglucosidase Lspergillus M
Phiyopus N
Zndowyeopsis Y
Asparaginase machrrichia B
Ervinia B

-=-gontinued
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Teble 2.--Classificetion of Microorgenisms Used fcr ‘he
Commercial Production of .Various Meteriels--continued

Product Genus Type of microorganism¥
Enzymes--Cont'd.
Catelase Aspergillus M
Penicilliun M
Cellulases Aspergillus M
Irichoderna M
Myrothecium M
Dextrenase Penicillium M
Glucose iscmerase Streptomyces A
Glucosc oxidase Aspergilivg M
Penicillium M
Glucosidases Aspergillus M
Hemicellulase (Unrevealed) ?
Invertase Saccharonyces Y
lacteses Saccharomyces Y
Laundry enzymes Bacillus B
(slkaline proteases)
Lipases Candida Y
Aspey 1l1lus M
Muecor M
Milk-clotting enzymres Mucor M
Endothia M
Pectinase Agpergillus M
Penicillase Pacillus B
Penicillin Many microorganisms
amidase
Pentosanases

~=gontinued



Table 2.--Clessification of Microorganisms Used for the
Commercial Production of Various Materials--continued

Product

Genus Type of microorganism®
Proteace Sireplooiyces A
Aonereil 1us M
Muzor M
Conidiobolus M
Stxrepiokinase o treptococeus A
Miseellane. o Frodusts
A reloiis Ciaviceps M
Bioinsec vicidec Bbrcillus B
Dextrean Leuconos {o¢ B
Gibbarellin Gibtorelle (Fusarium) M
Inosinic aeid pacillus B
Yeast Y
Nucleotides Brevibacterium B
Jorule Y
“iizobliy, cdlture Fhd zobiun B
Eilage [nctovacillus B
Sorbose bce.obacter B
Steroids Phispus M
transfornc tions Strepto iyces A
.oumetacteriun B
Asnergillus M
surrylarie M

Aetinonycetes
Mold

Bacteria
Yeact

Ho x>
Hhouan
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Problems in Maintaining Stable Industriel Cultures
Jtom years of experience in handlirg cultures of all kinds, we
believe certain steps should be iaken aa soon as a microorganism is
isolabed In pure culture to cnsure thot it remainz in a stable state,
m™oae - Leva necd to be taken as zoon as the culture is brought into the

12 lory or isolated, lepg before itc potential or lack of potential

.. The culture i3 examined under & dissccting microscope to determine
iy o4 the eulture Je grovicg uniformiv; (D) that it is “ree of other
mics . oandems; (e) that 4f it 15 8 wold, ratwe spores are present;

;2 (2} that the culture appears to be the genus and perhaps specles
J~0lat2d or named when received., This examinatlion will then determine
the next step to be taken,

2. 1If the culture appears to be pure, showvs vigorous and uniform
growth, and has mature spores, three to five empuies of the microorganism
should be lyophillized immediately.

5, If the strain is knowi *o b a romber of o gpecles ¢r genus in
which lyophilizaticr 15 ciways successfvl, no viability check is needed.
Howevcr it ie good praciice, cven with sueh strains, to sacrifice one
lyophil tube and t» dilute or sireal the . vlture ovt onto & suitable
prowth mediun, The check on viabflity v.il snow ihree dhirgs: (a) 1if
the propagules have survived in larg~ rurlers, {b) if the lyophil
proparctions are free of other ricrocrgenisms, and (¢) if the regenerated

~alture 43 st411 unifor in growth and sporulation. If the strain being

prescrved has not teen lycphilized before, the viability check is a must
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because some microorganisms fail to survive this process and a different
method of preservation musti he used. An alternative method mus' bLe found
while the first generation culture ic still svailable and in & heal thy state.

L. If the culture is recovered successfully from the lyophil preparation
or from one put np by another methot sueh as reezing in ligquid nitrogen,
records should be kept of ‘he proper medium fcr Jrowtt and sporulation,
end eny other peculiar requirements such as temperature of incubation,

length of Incubatiion, ete. For esnmple , the mold Blakeslea trispore will

sporulate rapidly (3-4 days at 25° C.) but <ften in a maiter o¢ 10 days the
spores will germinate in plece and lyophiiization will be a comple e “ailure.
The process works beautifully when the snoreg are processed when they have
Just reached maturity.

5. The lyophil tubes s'ould be stored at b or 5° C. and perhaps checked
for viability at the end of each 10 years of storage .

6. At the time of lyophilization, the culiure should be examined in the
appropriate way to determine its identi ty. Sometimes this examination may
lead to species and varie ty identification hut other times only to the
approximate species and genus. The records should certainly show 1ts
approximate identity because (a) it allows +the person reviving the culture,
perhaps years later, to know what was preserved and (b) it makes the records
more complete and, thereicre, more useful. In some collections of fungi, a
microphotograph is made of the fungus &t the tipe of identification. This
is an exg¢ellent iype of record.

7. At the same time lyopnil preparations are made, records should

be completed showing the following items: (e) the name of the organism;

(b) where obtained--whether it was isolated in a lahora tory or received
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from another microbiologist and, if the latter, his name and address;

(c) accession number assigned and any other designation given %o 1t, such

as a temporary number or other laboratory or collection number; (d) location
and original source of the materiel (where was the crganism found in nature);
(e) special requirements--medium of malnterance, optimum temperature, and
other conditions; (f) products or unique properties and approximate

yields; (g) number of cultures made; and (n) references if sirain is cited
in a paper or patent. Rarely can all this information be assembled. With
time, additional information will be neecle.  for the reccrd. The

data can be placed on cards, which should e cross-indexed so that cne can
find a culture by number, source, product, and name. OSome collections are
being indexed for computer sorting. With a large collection, such as

ours (35,000+ strains), to put this data now onto cards would be a
Herculean task.

Records should be kept showing who uses a given strain in the laboratory
and to whom it is sent in laboratories at other institutions. This
{ntormation ls useful if it should become necessary to obtain a replacement
of a culture which died or degenerated, but which may stilli be in the
original state in someone else's laboratory. Written and dated records
are also very essential on industrial strains, which may become involved
in patent and legal cases. For this reason, we ask anyone ~equesting
cultures from our collection to put his request in writing, When the
culture is sent, a letter to the requester is prepared by the appropriate
curator as a matter of written record.

8. If the culture does not meet the requirements set forth in item 2,

the following steps are taken: If the culture is pure but shows sectoring,
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then the nomunifors culture is lyophilized; but also, the various forws
ere isolated separately, and each type is lyophilized individvally,
Sometimes a4 heterogerius culture cannot be separated int. {te components,
The philosopry o .yophilizing the se. roring cul*ure 1s W try to preserve
all the component parts heceuse typica'ly, at this stage, you do not know
which part you actually ney; neea later,

if the ~alture 1 Imgurv, peuhods must be used to rid the culture of
its contamina. t efu. r by di1:ticr art picklne an {solated colony or hy
plckirng one »r a 1w ~pure. rma Jrulting heaa . Decasicnaliy tws or
more orzanisrs are assnc ated (mixed culture) ws, oo instance, in ko ji
starters, ahere it may Le necessary to lyophilive the total starter as well
as its components,

3. Frequently, two dirferent metiods of preservation should be used
at the same time. ior instance, we stil! carry scme of our fungus cultures
on agar siants with pericdic transters, as well as in lyophil. _{led and
8011 cultires are ther poss.niii*ies. 1Te 1ormes ~onsisc of agar clap. uitar
covered with ster{le minera: i.. in the latier, spores are placed {n sterile
sol: or sand ind eallowed *.o v etuils of “ectmiiques of preservation
require toc much space to de. ~ibe ~hewm here,

10. I7 a culture 18 receiv~d ‘.8t has degenerate!, certain steps need
% be carrici cut to obtain a better - iiture before it is put away in the
collection  Perhaps the degeueracy is i1 sporulating ability; often a series
of dilution piates will give <oze colonles thet grow n re vigerously or

sporulet: more heavily ir s natira’ wenner. In some, espe-ially molds, the

isolation of spores from individual heads may .ead to better cultures. In
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~there, the fault may be the edium cr the growth conditious. Many
fopesgilld and Pendcililin groe norrel.y and vigorcusly con a synthetic
wealuny however, some ~ltares, aven thougn ey grow and fruit on s
TAmtue i weddun g wi0) de oot Netwer 10 the reciar contains organic
ritrecen and prewth fectors 4n she fore of w1t or yeast oxteact, This
PRCTLLe mAy represeat a hettor foom oo mitropen r 1t may veflect e
vert ot vitamdn deficteacy th ot has wen voreome .

4e believe that 1L is epp» yrieto tines we 141 = number of principles

Vot owe cencdder dmportan. for the Caltiveion f rdercorganigms in order

tooeroure vigorous, hemlihy, .nd osiebie ciarters.

L. ®or the mainterAance - f ~tock cultwres 1 o «1dicasly unde fined, but
roveocducible, stoek wedinm 15 “evier Lhan a synthet.c ore, . microorganism,
15 it ceeurs in nature, alrest alweys le growin< on aun undefined substrate,

5

"122d medium will more lilely sele .

ct

soeertain part of lne genetie
rolotion,  The resilt may vell Jever *he vield o) v desived product,

<. In geueral, a stock cultare nealcs ghouil! be ny yoom nutritionally

"o s required to perpeduate the o itore wiohcut cihange. Thus,
coo (0T other suoar) ‘s custonarily =xoindec, I ¢lucose 1s essential

AY

ls for lestic ecia becirrin), o lurfer is incorporated 4o crntrol
#1. If the pH were +1lowed to Arop, the _ongeviiv »f cells aight be
+koeran, Werse yet, the pootlation imhalance mentioned in No. 1 might
rodestroy the usefulness f the culiure. Appropriate media for
< w’'ihoa varlety of microrcgarisrs are civen in o paper entitled "Maintenance

caltures of industrielly impo~t.nt mior orgarisns (Haynes et al,, 1955).

5. Stock cultuires sre usunllv suhierted to two dirfferent sets of

vmiitions,  First, they are erccuraged to grow rapidly and vigorously
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for & relatively short time by incubating them st op near their optimum
temperatures and, if they are aercbic, allowing them “ree access to air,
Then they are induced to slow down metabolically by s*oring them for a
comparatively lorg time in a refrigerator and sonetimes also Uy limiting
their access to air by stoppering tcst tubec end flasks and sealing petri
dishes. Stoppering also hinders losg of moleture trom the culture, Theso
variations are not too much different from thoge they encounter in nature,
In any case, they seen n't 4. harm the mict corganssos.

The pH of the mediuw Is 8130 impcrtant, CGereraully, bacteria
are grown in neutral media, molacs in wad justed media that have a pH
between 6 and 7, ang Yeasts ure grown in the vicinity of pH 6.

4, When new cultures are started, inoculum is taken from a mature

culture, It consists of a small amount of growth of yeasts or bacteria

or, for molds, a few spores without mycelium.

Problems of Strain Degenerggion and Lcss

In looking back on our experiences involving the loss of pure cultures,

five causes come to mind:

1. Contamination by other microorganisms. We have encountered nany
cultures reputedly pure but which carried a second microorganism never
separated from the original culture at the time of isolation, This situation
is pParticularly +rue when colonies are picked from dilution plates in which
an inhibitor was placed in the medium to control bacterial growth, Ofien
colonies growing on the surface of the agar plates with tetracycline as a
bacterial tnhibitor appear to be well i{solated and pure, Vhen the colony
is picked off, however, bacterial cells thet are dormant are removed with

it and then when Placed on a medium free of the inhibitor grow again, A
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‘bacterial culture producing a thin growth may be obscured by the more
luxuriant growth of the mold. A common cause of contamination is the
storage of cotton-plugged agar slant cultures Iin refrigerators. Often

in the summer the air 1s wamrm and moist. When the refrigerator is opened,
moist ailr enters and upon cooling conderses upon the labels and cotton
plugs. Some penicillia can grow or the ricist cotton and the labels at 4 to
5° C. in a matter of a few weeks, When they do, the conidia present on

the tubes make pure culture transfers =1l but impossible. If sufficient

time is allowed, mycelial growth of the Penicillia will penetrate the
cotton plug, where they sporulate, and conidia will then drop ontc the
surface of the agar and develop new colonies.

2. Infestation by mites. Certain species of mites feed on fungus
spores, These mites are extremely small and can barely be seen with the
naked eye, They occur in nature in decaying plant material and are worldwide
in distribution. When an active program of isolating fungi from soil,
humus, or moldy plant material is going on, these animals are often present
as adults or egzs., If care is not taken, the mites will travel from the
contaminated material into Petri dishes and test tube cultures, They
invariably carry various mcld spores on them and they appear to be attracted
by the odor of certain mold species. Even though cotton plugs are a good
barrier to mold spores, the fungus mites traverse the cotton plugs into
"re cultures unless the cotton plugs are poisocned,. Besides contaminating
& culture, they will lay eggs which hatch in a rew days and the young will

migrate into new cultures, Thus, in a relatively short time, hundreds of

cultures are contaminated and a whole collection may be lost, If the
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infestation has not spread too far, the contaminated cultures may be
destroyed, but many other cultures that appear o be pure will contain
mites, and the contamination will reoccur. Once mites are {ntroduced
from natural material or have been introduced from cultures deposited

In the cellection, they are diffies1t *o control. The best eolution is
to prevent mites rrom becuming free irn the latoratory by quarantining
all suspected, couataminated material ‘. 2 leoration away 1’rou stock
cultures., The same preceutions should be ta en with respact Lo cultures
received from outside the culture collection., Tne further precaution of
poisoning all the cotton pPlugs ¢f =tock c:l*ires should be observed,

3. Phage infescations. Some strains of bacteria and actinomycetes
carry phage in one form or another, Generally, these are difficult to
detect, and it is even harder to free the c:lture cof them, At one time,
Yyeasts and mold species were believed never to be infected with phage,
but this belief is now known not to be “true,

L. Natural selection and mutation. Shanves in the genctic population
.in & culture will occur in all microorganisms, It is our personal belief
that some of these changes may he prevented by the use of more natural media,
For example, in our collection or Mucorales nc chan e :ppears o occur if
the cultures are carried on 2 potato-dextrose-salts meuium. Some of the
Mucorales will develop sectoring and sterile growtl: if cultures are
carried on a synthetic medium. Culture rundown frequently orcurs in some
of the species of Penicillium and Aspergzillus. Once this process has gone
to a certain phase, it is Impossible tc regain the original form, For
example, some threc culture lines of the type strain of 4 parasiticus
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NRRL 502 are poor aflatoxin producers, but the same strain carried under
different cultural conditions in two other laboratories over many years
12 51111 a good producer of the mycotoxin.

Untrained staf?, Probably as serious ar any cause of culture
‘ailure 18 the handling of ~ultures hy untreined persons. Often media
i tmproperly sterilizec by people wr: do not comprehend that sume complex
vedia require more heat then cthers and that the larger the amount of media,
he more sterilization is nceded. Sometimes inadequately trained people
Just do not know how to transfer cultures sc as to avold contamination.
“ten they transter a large mass f spores and mycelium of a mold causing
tre whole work area in the transter room to be filled with spores suspended

in the air and on the table tops, Only a few spores attached to sterile

agar on & transfer needle arc needed to start new stock cultures., Some
mferoblologists do not recognize even the microorganisms they are working
with. One prominent microbinicgist has estimated that trom one-third to
re-half of all the work published on bacterial physiology has been done
with contaminated cultures or with the wrong spe:zles!

Phyzsical Conditions Aftecting Microorganisms
The physical conditions that arrect the growth and longevity of

nmicroorganisms are the same &s those that influence other forms of life;
viz.. pH, temperature, 1light, humidity, pressure, oxidation-reduction
potentlal, surface tension, and radiations. 1In the context of this discussion,

w- are interested in the effect of these factors on the survival of microbes

in culture collections and while the organisms are in transit.




- 61 -

In most modern culture collections, stock utrains are carried as
lyophilized (freeze-dricd) cultures, lssentially o lyophilize a culture,
microhial cells, spores, or. sometimes, portions »¢ wycceilum are sugspended
in a protective colloid--such os blood ssrun or skin milk, cuicily lrozen
at about -0’ C., and dehydratel by alicwing Lublimat cn o, noisture

in vaguo. The dried brenarating io senled under vacuun ang ttored,

usually in « cerrigerator at 40 Wwol0% C. T the Iyornilined atate,
microbes take on some i the propcirties or boctorial endospores becomir:
less susceptible 4o oxtremes of tempevatuec » dryness, »ad radiations,
They are sale from contanination, changes ir, presyure, pil, humidity,
oxidation/reduction potential, and surfece tens.on. I'ney can be shipped
by land, sea, and air in terperate, tropicel, or frigid climes without
loss of life or change in character, (Sen Fenneil, 1960, “or a review
o’ m2thods. )

Some microorganisms cannot withstand lyophiilization s»d mug* be
malitained by other less converiient means. One thet brs core into use
in recent years, and that has com2> of the advantaresq of lycpnilization,
is preservation Ly freezing an’ storage in and over liguid nitrogen
(-165° to ~19° .}, ‘Mhe a1 raage o7 ricrobtal Ly,es hub o be
preserved 1n this manner - oyt yet 'mow, bul many 1n-4idicus forms
that feil to survive Lyephiifzasicn have remeinea viahie fer long perlods
in liquid nitrogen rerrigeretors. For instance, sor: fuagns eultures ape
reported st111 vieble and appar:ndly typical after 4 years of preservation
(Hwang, 1966), Ultra-low-temperature frozen culturas are sesled in slase

vials or ampules so they have egsentially the same protection as lyophiliz

Preparations against contamination and chenges in {he phyvical environment.




-62 -

oaev e, they must be shipped in specia) trucks, freight cars, or in
»roh Y 1iquid nitrogen refrigerators because it 1s only while they
roLonn at =165° to -195° . that they are fuarded agalnst damage.

b

. the method is less convrenlent thin iyophi.f~~**~ 1t i. becomling
v r. e common becaure It is 3til? better than alternative me'hods.,
dor of alternative methods is sti17 inescapable for microbial cells
ot be preserved by eluner of the *wo technipws already dfscussed,
“‘ternatives have been In vs: {ov many years &lthcugh more time
v and subject to hazards that are minimal or absent in the other
“ninds,  Basically, there ls a single technijue but with modifications,
Cv i a2 gserdal transfer method by which some growth (vegetative cells,
croves, mycelium, tissue) is transferred from one culture (apar slant,
armir s teb, agar plate, broth, tissue culture) to fresh mediv'm, allowing
the 07 culture to grow under optimum conditions to maturiiy, storing the
ae e ool eulture for a time, and then repeating the cyecle, Storage usually
8 dn o vefricerator (9°-10° C.) but sometimes is at room or some other
Liopernture,  The length of time between transfers varies, depending upon
vhe rrogire of the strain, from one or o few deys to several months or even
yearo,  Dften the Interval may be lengthened by pieventing dehydration of
stock enlturzs by covering them with mincrel o1 (oiled cultures) or by
1ol *he cultures with rubber stoppers, corks, or by impregnating the
cottor plurs with paraffin., The rate of growth is slowed by refrigerating

i

coltures, thus minimizing changes in pH, and oxidaticn/reduction

3

votentinl, ard reducing the danger that one or more cells mutated by stray

vofotions (cosmic rays) will gain predominance in the population.,
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These are the principal methods of naintaining and preserving
cultures, and they all succeed to some degree In minimizing damage to,
or loss of, 1life oi' cultures by inimical physical onditions.

Regulations Regarding Depo

Cne activity in whi. many o he lacger cilture coliestions become

involved s the handlin: o0 cultupes o ricroorganisnms deposited {n
connection with patent «pplf - .tdonc. In Sorae countries (4 {n demirable
to deposit a culture, nct nece vsarily n high producer «f s product, with
& recognized culture collection. This teposit Is to vnsure that a proceas
being patented is fully disclosed to the Fublic. Tn other words, a
fermentation process is not considered fully operable until a culture is
available for use in the process,

Over the years, we, at the Northern Regional Research Laboretory, hav:
developed guidelines regarding this culture .cilection activity, They ar-
baged on considerable experience and alsc un consultations with inventors .
companies, and patent lawyers. These guldelines are updated from time 4o

time and are not to be construed ac being rinal. The latest revision was

on Septerber 1, 1669,

Prgceggeg and Eoﬂg;es Q

The ARS Culture ollection serves re a depository for
cultures which are involved in rfermentaiion patents and, therefore,
will be glad to receive such a oulture in conriection with a
patent application. When such a culiure is received {t is

asgigned a number in the collection and is maintained thereafter
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in a 1living state. Immediately after receipt, s letter
is written to the deposi‘or advising of the number assigned
and including the fcllowine stat*e~ment:
Purthermore, inscfar as is practicable in
carrying out the business of the Department of
Agriculture, we shall refrain from distributing
this c:lture pending the issunance of the U.S.
patent to your “ompeny, with the cxception,
however, that access to this culture by other
parties will be granted upon receipt of written
authorization from your Company specifying the
name and the ARS Culture Collection designation
(NRRL number) of the culture and identifying the
party who is to recelve it,
More recently, in consequence of a ruling of the Patent
Office, some depositors have used initially, or have
requested replacement of the paragraph above by, a simple
statement such as:
As of this date, the subject culture(s) will
be made available to anyone who regquests the
same,
The ARS Culture Collection understands that the ruling
referred to ~bove 1s being appealed, but e final decision
has not been reached. It is suggested that you seek advice

from your attorney as to which type of statement you should

use. Either one of these statements will be written
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depending upon your wishes, The AR Culture Collection
letter then can be attached to the patent application for
the Patent Examiner,

Curators in *“he ARS Tulture Collection do not attempt
to make an idertification or to name ar:r organisr that has
been deposited in orvection vith a patent application, nor
do they carry out re-care’ work with such deposits wiuil a
U.S. patent issies, it is not necessavy, of cource, to
provide a przoise identificatinng bui the microbiclogist
concerned should et lsast stat: {o what genus the
microorganism belongs. Also, if special media are

required for its maintenance, vthe curazors nced to know

this. Ordinarily, cne or two agar slant oultures and/or
one lyophilized preparition are received from depositors.
Depositors also are respnnsible for resupplying material
should the need ever arise,

The deposite:r nac the option of sending cultures for
deposit in the *. \ "ul4ure " {lecticn in three ways:

1. Thirty lyophdlize preparations, ~learly laheled
with the depcsitor's ~{rina s'rair + siynation and
preferably in tuves 1. L neer than 0 inches. ‘me of theee
18 checked “ur viabilitly, the N=Ri iesirnation is placed

on each tube, and the supplv cf tites {8 stored at §°.¢% =~

Bope fide le‘ter reques's r the “ult re wo.ld ‘e shipped
from this stock,




- 66 -

2. One lyophilised preparation, clearly labeled |
with the cdepositor's origina) strein desination, m |
receipt, the microorranist fs ultivated on sppropriate
ipar media and thirty yor Lliced preparsations nade.  One
of these i3 ‘nhe: ked Tor viabllity, the remainder handled
ac in option

1. Mme, r pre‘ecably “wo, coar slant cujtures of
the microoprrarfor 2rowins 1 n appropr'ste wedlum,
suifiefent aate~tal fu prepe.ed Ly ur o relore W osake
thirty lyophdi's 7 vrepar tione e (8 ~hecked Tor
viability and the remainder ar tandled as {5 options )
and ?  When the :i'fal wwa” 21Ant o 1 res depaited
appear ¢ {'able, iy l{sations _fter are mmdr ‘rom et
naterial,

There s no charge for tUw teposit or seinterance of
rultures,

Sultures tep alted i awection sl patent applications
may we o abtainet, foee O cLarge, By lelter e et
atating e hare o+ U oalcre cganise amg the AL )l ware

“llectios stratn lecj,naty g ¥ noscev,
™e AT Soiwure  Tle i s Lws w t Les e & catalog
r lis It ey s regyl it o s moalig eatrl - ticne oR
the e 7 gt cuilures Jrpw el o Batel pufPosed
ok ratErtae are Hla ritutest s orling B the tepwitor's

simbe: oRion, R L.rm, gehere 'y are "e@sst n hls

intarpretatio. o patent o fie reuireasnts Use of




- 67 -

oweh materials, once distrituted, are the respons 1b{ 11ty

of the requester “itures 1w b mpticatly removeo “rom

any reririvtive aepow, cmnve o o paten: ‘sauer sherein

the partiosier ator  yaom o ovelved

wotdad, oo b A a ) AL

oing vt e o oy tar e sre U erm o8 internatiomne) COmRE T -
Bvery yra- uiy trl enpes foodtne s traneported L. land, sea, and
adr o - ointen o vy onet f*. e rewri™i  -x  aticn of
ARWBP 1 8 Was' <] yres rom Tjurat, hes Tow poge oalture coilections,
Such as © « amwrioa= (ype . ocare  ~lle i ln the nite. tates, Uw
varicus na‘. +al letl e e orag lAan, an e Tretitute  or Fermentati o
in Jspen M Gtrming e ale Ly 1 yve) Y cmmii, npesiailized
eallectione an Yoo eviao ) s Lentist s mILAA'E & Tew =i roorganismm
Primrily for . ir v rasear-t. Ir the o oras 0 4 ime the larpe
collections "ve Luormmet . 2 ve . Poohaemr agioc fated Witk packaging
&g shipping (vir. - Tbiges o that ey arvive at thelr lestinaliona
ohole, alloe, arn ot et

Yacept 7 or et r ruanism we. in e pharsacesticel industry w
Proainze vya o er o g foaey ey fem 0 W rtipohes umed Ln he food,
food, ami Ly gty e, ot o Ld lr the e e endanger punli-s
hoalt r apr! it %3 Tl o Letes, ) presutmtly is ther
mtione, o T bhge s ClbLer st v e, Pmegw Tt o jegal restricoticnes
o thelr o seommt o 2 g S S T N . L D bwever in the ‘mited

Swates. ars Ferty T lkely e otheg antofes, & wnte of Yaws apply ‘W

Ve laport, expor’, and intomal transtort ey lgica’ arenta ang
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<. 7," These are discussed in a brochure published in 1966 by the
Vo rea Type Culture Collecticn., In it rfour Cepartments of the U.S.
rrocnt--dgricul Sure; Healtl, Education, end Welfare; Commerce; and
y-=are listec us - ncermed with regulatins peotentislly dangerous
~rungsms. Mo civisions 0 the L0 0 parument o0 Agroo1lilare are
<o, They are cuslged wooh reapomsibilloy e cee tast 'nc organisms
Sy intiodnee or il wiaste any ortegfor or infteotious diseases
Trels, dnaluday vouitry). . L onell Te fuzortool ints e mited States
Soported Ton o Lo, Lty Lroner Statl ovithout A pernit issued
reary ard o oocLolcancs watn the gevat tnerec” ' The Plant
HMyvisior requires o pormit for the moverent oo wyr ulant pest
wirsuch the Undted 54050 Uroany 7 it L ortrlueyt o and possessions,
a1l cultures are inc'odel in the gdefiniwion of "he term "plant pest."
e 0 Pubide Healih sewrico of the bepaivr ot of ieatth, Education,
“are through 1% Divislor. »f Poreign Muaraniine enlovces regilations
it othe introducticn v pread 0 conron’ eble dironse from
ntrdec inte tne it ates. .., o otvom one 3tate to another."
e odwter oA lew owalch stote  f pereon chall not import into any
rer the tantool o e "mlited otedes, ner dintribute after
o any et Ao et < avman eiseege | mloss accompanied
it fesied ooy the Sargeon eneral
primary camcerns o L cmarttwnt of Cormmerce, as it relates to
i s Hving o itusces, are sofopuarding our national security
cring our coredgn pouloles, It lsgies o veneral license 1o ULS.
oWl b thomizgen he oxpore o iving cdiares to all ‘riendly
tae . lpeoial validats4" Jdcensdes are seaulred for the export of

ltures o & jew nations,
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Shipments of living cultures are free of customs duty. The only
reasons that the [reasury Departm nt, through It3 Bureau of Tustoms, is
involved are, first, to determine :f the cultures are admissible to the
United tetes and, seccnd, to rerer then to other governmentsl agencies
for examination, permits, and release,

Some U.3, reguleticns specity now pathoyenic microorganisms shall
be packag:i. The intent ~f +hese Instructicns is the same as those
governing permjits and licensasy i.e,, o ensure that eticiogical agents
do not escaje ang endanger e “ublie healtd: soa egriculture,

The reasons we have: seteilec the Toited Swatzs agencies and their
requirements are that we suspect other nations either have similar
regulations or will ultirately pattern thcirs after those of the 1.5,

It behooves culture collection ~urators to be cognizant of such iaws. if
they wish to avoid diffleulty and delay inrecelving ane sending cultures,

In perusing culture catalogs from severil of the larger collections

we found only three thati make any meniion of possible need for licenses

and permits, (One is the fatalogue of Lirains of the American Type Culture

Collection (1968). Anotber is the Catalogue of the Culture Collection of

the Commonwealth Aycclogical Instftute (1968} and the ~ther is the List
of Cultures of *le Zentraribureau vanr Schimmelcultures (1968).

Inasmuch as nc mention is made in catalogs of nther collections
(Argentina, “zechoslovakia, Ingland, India, Indonesia, Japan, Germany,
Netherlands, Scotland, USSR) about the ueed for licenses, permits, or
customs arran;ements, we suspect that cither such requirements in countries
other than the United 3tates and Canada do not exist or else enforcement is
ineffective., If true, curators need concern themselves only with safe

packaging and labeling of cultures destined for most nations,
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The problems to be overcome in peckaging are the selection of a
sturdy mailing tube or carton that will remain intact in spite of rough
handling and possible exposure tc molsture, and will protect the enclosed
tultures from breakage. Additionally, the container must be so made that,
if, in spite of all precautions, ureakage does (n~cur, the released
miroorganisms cannot escape to the outside.

Although the requirements delineated may seem formidavle to the
ninitiated, curators ordinarily rave iittle or no trouple in obtaining
viltures from anywhere in the world or in serding cultures to anyone
®*:. nas a legitimate need for them.
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